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Abstract.—An easily accessible taxonomic knowledge base is critically important for all biodiversity-related sciences. At
present, taxonomic information is organized and regulated by a system of rules and conventions that date back to the
introduction of binomial nomenclature by Linnaeus. The taxonomy of any particular group of organisms comprises the sum
information in the taxonomic literature, supported by designated type specimens in major collections. In this article, the way
modern means of disseminating information will change the practice of taxonomy, in particular the Internet, is explored.
Basic taxonomic information, such as specimen-level data, location of types, and name catalogues are already available, at
least for some groups, on the Web. Specialist taxonomic databases, key-construction programs, and other software useful for
systematists are also increasingly available. There has also been a move towards Web-publishing of taxonomic hypotheses,
though as yet this is not fully permitted by the Codes of Nomenclature. A further and more radical move would be to transfer
taxonomy completely to the Web. A possible model of this is discussed, as well as a pilot project, the “CATE” initiative,
which seeks to explore the advantages and disadvantages of such a move. It is argued that taxonomy needs to forge better
links with its user-communities to maintain its funding base, and that an important part of this is making the products of
its research more accessible through the Internet. [Taxonomy; Internet; e-Science; Web revision.]

The two main products of contemporary taxonomy
are hypotheses of species boundaries and hypotheses of
the phylogenetic relationships among species. The latter
may be formulated as explicit cladograms and phyloge-
netic trees or implicitly in the classification of species into
genera and higher taxonomic groups (Wiley, 1981; Forey
et al., 1992). It is the triumph of Linnaean taxonomy that
it has produced a system of classification and nomen-
clature that is universally accepted and that at least in
theory provides the “end-users” of taxonomy with a sta-
ble means of naming and referring to different species
and other taxa. In this article, we explore how taxonomy
is currently organized and presented to the wider bio-
logical community. We argue that this happens chiefly
using a means of disseminating information that would
have been recognized by Linnaeus 250 years ago. We
shall then ask how modern means of sharing data, es-
pecially the Internet, might be used to make taxonomy
more efficient and to improve its links with its end-users.
We do this by reviewing different ways in which taxon-
omy has already made use of the Web or may do so in
the future. One possibility is converting taxonomy to a
largely Web-based exercise, and we discuss in more de-
tail a particular project, the CATE initiative, that seeks to
explore the costs and benefits of such an approach. We
conclude by speculating on how this area might develop
in the next few decades.

It is common to talk about science in particular, and so-
ciety in general, entering a new “information age” driven
by the inexorable spread of connectivity brought about
by the Web and associated technologies (Benkler, 2006).
In biology, the uptake of the Web has been spurred by the
“bioinformatics crisis” caused by the explosion of data in
molecular genetics and associated fields. The crisis was
solved by making genomic sequence and other “-omic”
data available (largely freely) on the Web, and by devel-
oping a series of data handling and data mining tools to
make it accessible and straightforward to analyze. But

we prefer to think of this as the second bioinformat-
ics crisis, the first being that faced by Linnaeus in the
mid-18th century. At that time a particular plant or ani-
mal “species” could have many names, some very long
(“phrase names”), and with no agreed standard. The ge-
nius of Linnaeus and his successors was to solve this
problem using the technology available in a day of purely
printed publication and slow communications via an un-
reliable post (Blunt, 1984; Koerner, 1999). In retrospect,
the success of Linnean taxonomy was probably the re-
sult of its functionality, its relative democracy—anyone
could contribute to the taxonomic project—and the con-
flict resolution mechanisms that Linnaeus initiated but
were later developed and enshrined in the still-evolving
Zoological and Botanical Codes of Nomenclature (In-
ternational Commission for Zoological Nomenclature,
1999; McNeill et al., 2006).

The dawning of the information age comes at a time
when taxonomy in the Linnaean tradition finds itself par-
ticularly under pressure. Throughout most of the 19th
and first half of the 20th century, taxonomy and compar-
ative physiology were the twin pillars of classical biology.
This changed in the 1950s as the field of biology began
a phase of radical expansion. Taxonomy was squeezed
from the whole-organism end of biology as ecology, evo-
lution, and the environmental sciences blossomed, but
especially from the subcellular end due to the massive
growth of molecular biology. Though funding to biol-
ogy also increased, it could not keep pace with this ex-
pansion, and resources flowing into taxonomy declined
in real terms (House of Lords, 2002). But worse, taxon-
omy became perceived by many as unfashionable and
even unscientific, purely descriptive rather than hypoth-
esis driven, and almost bureaucratic in the importance it
attached to the rules of nomenclature (Krebs, 1992).

In the second half of the 20th century, taxonomy rein-
vented itself as a modern science. This reinvention had
two main components. First was the proposal (now
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944 SYSTEMATIC BIOLOGY VOL. 56

almost universally accepted) that classification should
reflect phylogeny, determined using the ideas initially
developed by Hennig (1966) and generally referred to
today as cladistics. Species and other taxa were now con-
sidered to be hypotheses defined by clear criteria and
tested by data (Hennig, 1996). Evolution had been at the
heart of taxonomy since Darwin, but Hennig made the
connection more formal and more systematic. Second,
the molecular revolution moved out of the specialist ge-
netics laboratory to provide fast, cheap sequence data.
Sequencing generates a huge number of new characters
with which to build phylogenies and this has led to the
construction of very many new trees. It has revolution-
ized prokaryote taxonomy, which is now almost com-
pletely sequence based (Oren, 2004; Oren and Stacke-
brandt, 2002). For multicellular eukaryotes we are now
in a position where robust hypotheses for the relation-
ships between all animal phyla and all plant families
are likely to be in place within a decade (Soltis et al.,
2005).

In this article we ask whether there needs to be
a further component to the reinvention of taxonomy:
Is the way in which taxonomic hypotheses are pub-
lished and presented to the broader scientific community
appropriate for a 21st century science? Does it maximize
the efficiency of taxonomy? We believe these questions
are important not only for the future of the subject but
also because there is a greater need now for the products
of taxonomic research than ever before. The case for the
importance of phylogenetic information for the broader
biological community has long been understood. But the
ever greater appreciation of the impending threats of cli-
mate change, habitat loss, and other motors of global
change has reinvigorated biodiversity science and pro-
duced a huge demand for the resources to measure
and study the diversity of plants and animals on earth
(Janzen, 2004). We believe taxonomy must evolve new
means of organizing and disseminating information to
meet these challenges, and that this will inevitably in-
volve using the Web as the medium of data access and
exchange. We are concerned that without these changes
Linnaean taxonomy will become increasingly irrelevant
to biodiversity science and replaced by other means of
quantifying and organizing biodiversity.

DISTRIBUTED TAXONOMY

How is the taxonomy of a particular group of plants
or animals organized today? Hypotheses about species
identities and other taxa are contained in a scientific lit-
erature that may span 250 years and may be written in
any language. Species are described with reference to
type specimens (reference specimens that act as name-
bearers for species). The Zoological and Botanical Codes
of Nomenclature specify that type specimens should be
deposited in major museums or herbaria and are ex-
pected to be available for future consultation and study.
A sizeable portion of the taxonomic literature about a
particular group does not concern its biology—but in-
stead deals with nomenclatural issues (Godfray, 2002).

These include the correct application of a Linnaean bi-
nomial, resolution of conflicts such as the application of
multiple names to one taxon, the interpretation of his-
torical literature that was often written to standards that
would be unacceptable today, and the curation of type
specimens. The Codes of Nomenclature govern nomen-
clatural acts and provide a means of resolving conflicts.
The taxonomy of any particular group is thus the sum of
publications scattered throughout the literature. A ma-
jor part of being a specialist in a group is the ability to
navigate this information space and to understand the lo-
cation of different sources of information and specimens
(Scoble, 2004).

This approach has some huge advantages, not least
the fact that it has a proven track record of working.
The current distributed taxonomy does not need to be
organized or administered but simply accumulates as
various workers publish on a particular group (though
the information base in libraries and the specimen base
in museums, herbaria, and private collections must be
paid for and maintained).

It also has some disadvantages. First, the scattered na-
ture of taxonomy leads to such a complicated informa-
tion space that few nonspecialists can engage directly
with the primary taxonomic literature. This may not mat-
ter if there is an intervening layer of “processed taxon-
omy,” a regional flora or synoptic revision deliberately
written for a general audience that can be used by the
nontaxonomist. But these are frequently missing, espe-
cially for the tropical fauna and flora that are increasingly
the focus of biodiversity studies. The provision of pro-
cessed taxonomy has never been a formal part of the tax-
onomic project, and is not covered by any of the Codes.
In botany, there has long been a tradition of producing
regional floras, though even here the costs of paper pub-
lication often mean they are written using a terse, spe-
cialized vocabulary with few illustrations and hence are
more useful to other taxonomists than the wider com-
munity (Frodin, 2001). For some popular groups world-
wide (chiefly birds), and for many more groups in more
restricted geographic regions, field guides and similar
publications provide the processed taxonomy used by
working ecologists, environmental scientists, and enthu-
siastic amateurs. But with the exception of birds, and
possibly butterflies, there is probably no major group of
organisms for which the resources exist for nonspecial-
ists to identify them anywhere on earth. Even when com-
prehensive taxonomic monographs do exist, they can
become out of date almost before they are published as
new species are discovered, classifications are revised,
and distributions change. The absence of an up-to-date
and accessible taxonomy is a serious shortcoming to an
expanding user base and a real impediment to better
tropical ecology and to biodiversity monitoring and as-
sessment generally (Mace, 2004). It also undermines ar-
guments for investing more resources in taxonomy: if
further taxonomic work leads to an increase in the size
of the accumulated fragmented taxonomy with no syn-
thesis for the end-user, it will fare badly in the intense
competition for science funding.
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A related issue is that even if a nontaxonomist does
get to grips with the fragmented nature of taxonomy,
they may still be confronted by alternative taxonomic
hypotheses. One of the benefits of cladistics in taxon-
omy was to reinforce the idea that all taxonomic concepts
are hypotheses subject to testing and refutation (Kluge,
1997). But this can be unhelpful to end-users who, while
accepting the provisional nature of any taxa, still require
guidance to navigate their way through the diversity of
opinions. One solution to this would be for the system-
atists involved in a particular group to provide a cur-
rent consensus taxonomy for the wider community that
would evolve in the light of further research. This is what
happens de facto when a flora or synoptic revision is
published, but there is currently no provision for a dy-
namic consensus taxonomy to be produced so that taxon
concepts can be traced as the consensus evolves and
changes.

We referred above to the “taxonomic housekeeping,”
which has been an essential part of maintaining the sta-
bility and coherence of the subject. Without taxonomists
being willing to spend the time interpreting the historic
literature, and curating the specimen base, the Nomen-
clatural Codes could not be operated. But can this process
be made more efficient? Should the complete corpus of
historical literature remain part of the distributed tax-
onomy of a group to be consulted forever, or should it
be possible to draw a line and reset the taxonomy of a
group with a set of names and descriptions upon which
future systematic research can be based without the need
always to go back to 18th- and 19th-century literature?
The arguments for a more frequent use of resetting in-
clude the inefficiency of having to invest time in what
might be called archaeological bibliography and the dif-
ficulty of persuading science funders that this activity is
a high priority. Some groups are also in such a taxonomic
mess that they are very unattractive for systematists to
study. Especially in Europe many species were named
numerous times by 18th-, 19th-, and even 20th-century
taxonomists and resolving the ensuing confusion is often
a lifetime’s work (see, for example, Graham, 1969). It is
ironic that there are some insect groups where the taxon-
omy is better known in tropical America than in Europe
because of the dead hand of the past. But against this is
the argument that for many taxa, the historical literature
is sufficiently well-reviewed that its consultation is not
too onerous, and that the rate-limiting steps in taxonomic
revisions are activities such as specimen study, type loca-
tion, and examination that would not be affected by such
a resetting. Furthermore, although resetting a taxonomy
may reduce the need for nomenclatural housekeeping, it
may discourage study of that significant component of
the older literature housing nuggets of biological infor-
mation. Those familiar with the observations recorded
by Linnaeus, his predecessors, and successors will fear
the neglect of an important source of information. They
may consider that finding a balance between purposeful
scholarship and an obsession about nomenclature is well
worth the effort. The authors of this article are not of one
view on the relative merits of the two arguments.

Irrespective of these decisions, can we indeed look
forward to a time when most past problems will have
been resolved, and when taxonomy, if carried out in
accordance with the modern Nomenclatural Codes, will
require only a fraction of the effort that currently needs
to be devoted to housekeeping? Two developments may
frustrate this. First, taxonomy is rightly moving from
an activity purely carried out in developed countries
to a global exercise. This is particularly appropriate
as most biodiversity hotspots are in the developing
world (Myers et al., 2000; Grenyer et al., 2006; and see
http://www.biodiversityhotspots.org/xp/Hotspots/).
But many taxonomists in the developing world fre-
quently lack access to the library facilities that enable
them to navigate fully the fragmented taxonomy of a
group (Wheeler et al., 2004; Carvalho et al., 2005). As a
consequence, they either cannot contribute to taxonomy,
or do so in ways that risk producing problems that will
become the housekeeping tasks of future generations of
taxonomists (for example, by creating synonyms). Sec-
ond, non-professional taxonomists have always made
a major contribution to the field, and one that has been
overwhelmingly positive. Yet in some popular groups,
for example the larger Lepidoptera, reptiles, orchids,
and succulent plants, there are those with strong views
and access to privately published journals who are
able to describe large number of taxa using standards
of evidence at variance with the broad consensus of
opinion. Such people have an inalienable right to put
forward these nonstandard hypotheses, but a way needs
to be found to prevent the resulting plurality of views
from hindering the uptake and use of taxonomy by the
broader biological community.

TAXONOMY ON THE WEB

Here we review some of the different ways tax-
onomists have so far made use of the Web. We suspect
that the large majority of taxonomists now use the Web in
one form or another, and we make no pretense at attempt-
ing a comprehensive review. Instead we want, perhaps
appropriately, to try to classify the different manners in
which the Web has been used so far, in particular by their
chief audience and by the form of the output. We con-
centrate on the taxonomy of living eukaryotes and, as in
the rest of the article, say little about fossils, prokaryotes,
or viruses.

Fundamental Taxonomic Data on the Web

To do good taxonomy, a researcher needs specimens
to study, a catalogue of previous taxon hypotheses, and
access to the relevant literature. Aids to all of these have
been developed on the Web (Scoble, 2004). These re-
sources are the raw material of taxonomy typically made
available for the use of other taxonomists.

Most major museums and herbaria have projects un-
derway to provide catalogues of the specimens they
hold on the Web (see the online appendix, available at
http://SystematicBiology.org, section 1, for examples of
relevant Web sites). The magnitude of the task varies
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with the size of the collection: for some, the entomologi-
cal holdings of the major European and North American
museums for example, full digitization is surely unlikely
ever to be completed. The value of specimen-level data
depends on several factors, in particular the accuracy
with which specimens are identified, and the amount
of associated data stored with them. Typically the date
and collecting locality are recorded, but the latter is much
more useful if it is expressed in a standardized, machine-
readable form (for example, a set of geographical coordi-
nates, http://www.opengeospatial.org/standards/). Of
course, adapting traditional locality labels to such stan-
dards increases the time and expense of data transcrip-
tion. For many groups prioritization of the digitization
of specimen-level data is both inevitable and sensible.
Most museums and herbaria have, or have plans to pro-
duce, digitized catalogues of their holdings of type mate-
rial, the most important single category of specimens to
other taxonomists. Other museums have targeted partic-
ular taxa for what they can say about conservation prior-
ities or for changes in distribution, for example, brought
about by climate change.

The DiGIR project takes Web-based specimen catalogs
one step further by allowing institutions to expose their
data in a standard way allowing use of generic soft-
ware tools that query multiple collections at once. Several
taxon-specific Web sites have been established that act as
portals to this global data set (online appendix section 2).

In addition to the raw specimen data, collection-level
metadata on, for example, the number of specimens of
a given species housed within a particular museum can
provide an invaluable source of information for the tax-
onomist. Collecting and presenting on the Web this type
of data can be done far more quickly than specimen-
level digitization (for example, see the www.biocase.org
project, which included both elements).

Knowing where a type or other specimen is housed is
just the first step in using it to do new taxonomy. But at
least for some groups the Web can be used to avoid the
need to borrow the specimen or make a journey to the
institute where it is housed. Modern high-quality pho-
tography combined with high-bandwidth Internet con-
nections allow high-resolution images of specimens to be
universally shared (see collected papers in Häuser et al.,
2005). This is done most simply for two-dimensional or
near two-dimensional specimens. Herbaria sheets lend
themselves very naturally to this approach and a num-
ber of large projects are already nearing completion. For
example, the African Plants Initiative (API) has digi-
tized the types of 191,000 of African plant species (with
a goal of 250,000) that are now available for a mod-
est fee via the Web (online appendix section 3). As we
shall discuss below, Lepidoptera also lend themselves
easily to Web display as their most important taxo-
nomic characters are wing pattern, which is revealed in
a single plane in cabinet-set specimens, and the struc-
ture of the genitalia, the latter often mounted on a mi-
croscope slide. Increasingly Web-visualization will be-
come easier for more three-dimensional structures (Giles,
2005a). Already modern computerized scanning tech-

niques can produce images of small specimens with great
depth of focus, allowing a much clearer view of the or-
ganism than could be obtained by looking at it under
a microscope. A three-dimensional specimen can also
be scanned and then examined virtually by computer,
rotating and zooming in where needed. This is time-
consuming to set up, and then expensive in storage space
and bandwidth, but at least the last two constraints are
rapidly becoming less important.

Before any serious work can be done on a group of
organisms, a catalogue of the names associated with the
taxon is essential (Scoble, 1999). Producing a catalogue of
names is one of the most important things a systematist
can do to facilitate further research on a group. Cata-
logues and lists are very simply transferred to the Web
and numerous projects exist to provide such resources
on the Web (online appendix section 4). Catalogues vary
greatly in the amount of information they contain, some
being little more than a list of names, whereas others
carry considerable information about synonymy, liter-
ature citation, location of type material, and even dis-
tribution and ecology. They also differ in completeness,
some reflecting a systematic attempt to locate all names
applied to a taxon, whereas others are more an accu-
mulation of information as it becomes available. They
may also differ in geographical scope, ranging from
regional—the Fauna and Flora Europaea projects, for ex-
ample, to the global—Species 2000 and ITIS, which ag-
gregate taxonomic databases to produce the annual Cat-
alogue of Life, containing the names of approximately
half of all known organisms.

In addition to specimens and a catalogue of names,
the taxonomist requires access to the literature, which
traditionally has meant a library. One of the recent sea
changes in nontaxonomic biology and the rest of sci-
ence is that the more recent primary literature is now
almost universally available in electronic form, although
not necessarily free of charge. Scientists in major research
institutions now seldom visit the library but obtain the
literature purely through their computer terminals. Even
for scientists without such strong institutional support,
the ease of obtaining literature has improved thanks to
the simplicity with which pdf-reprints can be shared via
e-mail or downloaded anonymously via the Web.

Taxonomy is different for two reasons. First, as dis-
cussed above, papers published decades if not centuries
in the past are still of value to the subject. With the ex-
ception of a limited number of major historical findings,
few papers cited in the ecological sciences are more than a
couple of decades old, whereas in molecular biology the
citation half-life is only a few years. All major ecologi-
cal and molecular biological journals have been stored
in digital form for the last 20 years and hence the vast
majority of works that need to be consulted are at least
potentially available on the Web. The taxonomic litera-
ture ages much more slowly and hence a much smaller
fraction of relevant material is in digital form. More-
over, the taxonomic literature is large and diffuse and
a much greater fraction is potentially relevant compared
with most sciences. A taxonomist cannot just ignore a



D
ow

nl
oa

de
d 

B
y:

 [U
ni

ve
rs

ity
 o

f P
re

to
ria

] A
t: 

06
:3

6 
7 

Ja
nu

ar
y 

20
08

 

2007 GODFRAY ET AL.—THE WEB AND THE STRUCTURE OF TAXONOMY 947

paper published in an obscure journal in an unfamiliar
language as another scientist might be tempted to. A de-
scription anywhere is a taxonomic hypothesis that needs
to be considered.

There are a number of large projects that aim to address
this problem in the next decade or so (online appendix
section 5). The Biodiversity Heritage Library initiative
is specifically aimed at digitizing much of the heritage
literature—a large proportion of it taxonomic, while big
projects such as the Google Books Library Project, which
plans to digitize the entire holdings of major collections
such as, among others, the libraries of Oxford, Harvard,
and Stanford universities will collaterally include many
relevant taxonomic works. But it is not yet clear the extent
to which material still in copyright will be made avail-
able on the Web, and under what conditions (Agosti and
Johnson, 2002; Agosti, 2006), or the degree to which dig-
itization projects will be able to capture all the numerous
and various ways in which taxonomic hypotheses are
published.

We have concentrated here on revisionary taxonomy,
but much of the raw data used in phylogenetic studies
is already freely and universally available via sequence
databases. There is a growing movement throughout the
sciences to make more data available in standardized
and machine-readable form. To do this for anything more
complicated than the simplest type of data requires on-
tology tables and metadata standards. These are already
being developed for some types of data that may become
increasingly useful for taxonomists (genomic and EST
data for example). Metadata standards for the charac-
ter matrix information used in constructing phylogenies
from morphological data already exist (Thacker, 2003;
online appendix section 6), but exchange of data sets is
hampered by differences in the terminology used to de-
scribe characters and states (Paterson et al., 2004).

Raw Data Syntheses

As will have become apparent from the brief review
above, there are already a large number of sources of ba-
sic taxonomic data available on the Web, and this has
naturally led to the need for a means to index and locate
them. We discuss here a few of the projects that seek to
do this on the Web. However, some of the most power-
ful tools for taxonomy on the Web are the major search
engines, Google in particular, which are already a prime
means of locating new and relevant sites (see also the
discussion of mash-ups, below). However, specialized
synthesis sites and portals may be able to provide more
targeted search tools and summaries for the taxonomist
(online appendix section 7).

Before the Web existed, taxonomic abstracting services
provided some of the services we now expect from on-
line databases. For animal taxonomists the Zoological
Record provided a record of species descriptions that
achieved high although not perfect coverage. This Zoo-
logical Record continues today as a commercial subscrip-
tion service (http://scientific.thomson.com/products/
zr/) that can be accessed via the Web. The possibility of

mandatory registration of new taxa has been repeatedly
discussed over the years, but no model that has been
able to gain wide support in either the botanical or
zoological communities has yet emerged. One proposal
for plant name registration was rejected in 1999, though
the International Plant Name Index mentioned above
fulfils many of the functions of a mandatory scheme.
A new proposal for animal names, ZooBank (Polaszek
et al., 2005), backed by the International Commission
on Zoological Nomenclature (ICZN), is currently being
developed (http://www.zoobank.org/query.htm). One
of the difficulties of previous proposals has been find-
ing a successful administrative and funding model,
and it will be interesting to see whether ZooBank’s
championing by the ICZN and the involvement of the
Zoological Record with its large historical database will
allow it to fare better.

There have also been a series of projects to synthe-
size information in disparate databases to produce cata-
logues of all species on earth. An example of this is the
Species 2000 project, a federated network of 26 databases,
each with a series of standard nomenclatural fields. The
chief advantage of a project such as Species 2000 is that it
provides a snapshot of the progress that has been made
in enumerating life on earth. It also provides a universal
portal allowing access to the contributing databases. The
chief restriction is that for the professional taxonomist
working on a particular group, it provides little in addi-
tion to what is in the contributing databases, whereas to
the nontaxonomist, a name with relatively little associ-
ated information is of limited use.

Taxonomic Tools

All aspects of taxonomy are becoming increasingly
computer dependent, and in addition to providing a
means of sharing raw data, the Web also represents a
source of the software needed by practicing taxonomists.
Perhaps the most widely available resources are those
shared by taxonomists with other biologists, particularly
those working in evolutionary and molecular biology:
these include software for storing and manipulating se-
quence data, and for constructing and analyzing phylo-
genies. Some of this software is proprietary but much is
freely downloadable (online appendix section 8).

Nearly all revisionary taxonomy involves the manip-
ulation of large amounts of data, a task that has be-
come much easier with the widespread availability of
standard spreadsheet and database programs. However,
taxonomic data have their own particular structures
and peculiarities, and handling these can be assisted
with databases and data-handling routines explicitly de-
signed for this market. Similarly, a very common task
for taxonomists is the construction of identification keys.
The traditional dichotomous key was a clever means of
organizing information before the age of computers, but
now identification can often be made easier by allowing
multiple entry points into the key and for the user to
choose which characters to score (Pankhurst, 1991; Farr,
2006). Both proprietary and free-to-download software
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for constructing computerized keys is now available over
the Web. Lucid (http://www.lucidcentral.org/) is prob-
ably the current brand-leader, but Delta (http://delta-
intkey.com/) is also very widely used.

In addition to computerized tools to allow taxonomists
to carry out their traditional tasks, new tools are also
required to allow novel activities to be carried out on
the Web. We discussed above some of the raw data
resources that were becoming availably digitally, and
also projects designed to link them and produce global
taxonomic and biodiversity resources. This interconnec-
tivity can be greatly facilitated if databases are built
with this goal in mind, and organize their informa-
tion using standardized data structures. It is the goal of
Biodiversity Information Standards (previously known
as the Taxonomic Database Working Group [TDWG],
http://www.tdwg.org/) to provide the data standards
allowing this interoperability. Currently, the biodiversity
informatics community is developing data standards for
common taxonomic entities such as taxonomic names
and concepts, specimen level data, descriptions, and
literature.

Another important class of tools is the Globally Unique
Identifier (GUID; Leach et al., 2005). These are digital
codes that, when used with an appropriate infrastruc-
ture, can be used to identify and retrieve information
about a variety of objects and concepts. In taxonomy,
such identifiers could be applied to specimens, papers,
illustrations, and taxa. They are particularly valuable be-
cause logical connections between different identifiers
can be simply constructed in a machine readable way. At
its simplest this might just say that specimen x is deter-
mined as species y but by using a GUID objects are con-
nected to a potentially complex, global web of related
(meta-)data that software can access without the need
for human intervention (Page, 2006). The Global Biodi-
versity Information Facility (GBIF; http://www.gbif.org)
is currently piloting a scheme to use a particular
GUID technology, LifeScience Identifiers (LSIDs; Clark
et al., 2004; Taxonomic Databases Working Group,
2006) for uniquely identifying data in biodiversity and
systematics.

Web Publication

The simplest way that taxonomy can move to the Web
is for the current publication model to remain unchanged
but that in addition to (or instead of) the production of
a paper the results are published on line. As discussed
above, all mainstream science journals are published in
digital form, and projects exist to digitize the past biodi-
versity literature. Recently, some primarily digital taxo-
nomic journals have been started (for example, ZooTaxa,
Zhang, 2006; online appendix section 9), but there is also
a huge number of small, low-circulation journals that are
not available digitally and have no plans to move to the
Web. Some of these journals are essentially private pub-
lishing ventures.

The current Zoological Code allows “publication” in
Web-only journals provided a small number of copies

are stored in major libraries. These copies may be in the
form of CD-ROMs, which is a controversial provision
that has been attacked by some taxonomists. The chief
worry about allowing Web-only publication seems to be
that the content might be ephemeral and not easily avail-
able in the future. In fact, at the moment it is possible to
access the vast majority of pages previously mounted
on the Web as they have been archived by organizations
such as The Internet Archive (http://www.archive.org).
If such projects continue and the costs of data storage
keep coming down, as seems very likely, these concerns
are unlikely to arise. Alternatively, were Web publica-
tion in taxonomy to increase, the libraries of our major
museum and herbaria might be persuaded to take on
the responsibility of preserving and archiving the digital
taxonomic record, in exactly the same way they currently
maintain their paper-based libraries today.

Moving to Web-only publication for the majority of
the more technical taxonomic publications has some very
great advantages. Taxonomy is expensive to publish be-
cause papers are often long, and often require copious
illustrations. Much, though by no means all, of the dif-
ficulties nonspecialists experience when consulting the
basic taxonomic literature is caused by the terse vocab-
ulary and underillustration that the cost of paper pub-
lishing imposes. Web publication gives taxonomists the
space they need to be understood.

Purely digital papers also allow features to be added
that would not be possible in traditional publications.
Sound recordings are very useful in the taxonomy of
some groups, as is video. Illustrations can be provided
at much higher resolution than in journals, and facilities
such as user-driven zooming and magnification incor-
porated (Häuser et al., 2005). Enhanced keys of the type
mentioned in the last section can also be included. More
technically, parts of a digital publication (such as the di-
agnosis, for example) can be marked-up in a way that
allows information in the publication to be incorporated
automatically into broader digital resources. Metadata
about the contents can also be incorporated, and these
can be scanned by search engines to make it easier for
potential users to become aware of or locate the publica-
tion (Lagoze and Van de Sompel, 2001).

For the Web to be an attractive publication medium
for taxonomists, it needs to be citable, accessible, and to
have the same or higher prestige as paper publications.
E-publication is in its infancy, but projects such as the
Open Archive Initiative have already developed proto-
cols and standards that allow the efficient dissemination
of metadata from online archives of digital content. Such
protocols also enable the number of Web citations to be
calculated (for example, Thompson Scientific’s Web Cita-
tion Index, or the not-for-profit Citseer), and one can en-
visage more sophisticated indices being developed that
record the use of different taxonomic concepts. We think
that it will be possible to develop Web-based methods of
assessing the use of taxonomy that are fairer to the field
than current scientific paper based–citation counts.

Who should pay for Web publication? At present
most taxonomic journals are supported by library and
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individual subscriptions. This model could continue
with Web publication; typically the costs per page of
publishing on the Web are much smaller than for print,
though journals have also found their income to fall as
individuals drop personal subscriptions when they have
easy access to digital institutional subscriptions. The al-
ternative is to make the Web publication freely available
to everyone at the point of access and move the costs
of production to the author. There is intense debate in
other areas of biology about the long-term feasibility and
stability of the author-pays financial model, especially
in the biomedical sciences where some of the major re-
search sponsors are demanding open-access publication
(Suber, 2005; Wren, 2005). How open-access publication
might work in taxonomy is not yet clear.

Wikis—Collaborative Authoring

A very different model for how taxonomy might de-
velop on the Web is through the idea of community-
based projects such as wikis. The changes made to a wiki
are unmoderated, can be made by anyone, often without
the need for registration, and are not checked for accu-
racy and quality. Without doubt the most famous site is
Wikipedia (online appendix section 10), an encyclope-
dia of everything, which currently (early 2007) contains
more than 1.5 million articles in English and perhaps 3
million in all languages. Within broadly defined limits,
users are free to add entries and to edit or overwrite en-
tries written by others. Naturally, the quality of different
articles varies, though a large community of people now
uses it very extensively (see, e.g., Benkler, 2006). In 2005,
the journal Nature controversially compared Wikipedia
entries favorably to those in the Web-version of the ven-
erable Encyclopaedia Britannica (Giles, 2005b), though the
latter argued vigorously that the comparison was unfair
(Encyclopedia Britannica, Inc., 2006).

Wikipedia itself contains many entries to species and
other taxa but the organization behind it, the Wikime-
dia Foundation, has gone further and in 2005 set up
Wikispecies, a “free directory of life” consisting of ar-
ticles organized by the Linnaean hierarchy. Currently it
contains over 82,000 entries, though many of these are
simply names (“stubs”). However, if the popularity of
its parent organization is replicated here, the number of
entries and their richness of information are likely to in-
crease rapidly.

The wiki model has both strengths and weaknesses,
as exemplified by Wikipedia itself. The strengths are its
democratic and open nature, and the benefits of harness-
ing a huge community of people to produce a substantial
volume of product. Its weaknesses are its susceptibility
to sabotage, and the lack of quality and authoritative-
ness of some of its entries. Wikipedia has had to restrict
editing of some entries, though obviously taxonomic ar-
ticles are unlikely to be quite as politically sensitive. Also,
Wikipedia has failed to attract many experts to provide
entries, perhaps because of the lack of any editorial mod-
eration. Partly because of this, a new project called Cit-
izendium that places experts in a privileged position to

review the work of nonexperts has been set up. We sus-
pect the Wikispecies model is likely to prove popular
and will grow in size, but whether it provides taxonomic
resources of value to biodiversity scientists and serious
amateurs is less clear.

Mash-Ups—Federating Data

The idea of having a Web page for every species (Wil-
son, 2003) is an enticing vision underlying Wikispecies,
Tree-of-Life (http://www.tolWeb.org/tree/) and, before
its apparent demise, the All Species Foundation (http://
www.all-species.org/). The challenges of creating this
resource are enormous, but could it be done automat-
ically, by searching the Web for all the information avail-
able on a particular taxon? Sites produced in this way
are called mash-ups (Butler, 2006). The iSpecies project
(http://darwin.zoology.gla.ac.uk/rpage/ispecies/) is a
simple test of how this might be done; code is written
to interrogate biodiversity, image, sequence, and litera-
ture databases, making use of standard application pro-
gramming interfaces (APIs) that they expose to other
software. The user enters a taxon name and the program
returns a list of links to the resources indexed by that
name. It is already quite impressive the number of links
that are found for even quite obscure taxa, and it is cer-
tain that this will increase in the future. What iSpecies
demonstrates is the enormous potential that could be
achieved if all databases from natural history museums
and herbariums were linked in a searchable distributed
network.

However, the value of this approach depends on the
reliability of the underlying taxonomic nomenclature, as
well as the taxonomic accuracy of the original studies
that the mash-up collates. Taxonomic names are not al-
ways unique identifiers for taxonomic hypotheses, and
consequently software that uses a Linnean binomial to
search other resources may aggregate data about dif-
ferent taxonomic concepts (Berendsohn, 1995). It will
work best for well-known, easily distinguishable species,
and poorly for those groups where either the taxon-
omy is in flux or specimens difficult to identify. Some
of these problems can be addressed by the use of Glob-
ally Unique Identifiers such as the LifeSciences Identi-
fiers (LSID) technology discussed above, which makes
it possible to identify data in an explicit and machine-
readable way. The Universal Biodiversity Indexer and
Organiser (http://www.ubio.org) is a project that has
annotated almost nine million taxonomic names with
LSIDs. Software clients can access the data associated
with these LSIDs using a protocol called SOAP (Box et al.,
2000).

There is an argument, termed the wisdom of crowds
(Surowiecki, 2004), that says that the truth emerges as an
average of the opinions of many. Ask a large number of
people the number of baked beans in a big jar and the
average is often remarkably close to the true value. But
this seems to us a poor analogy for how taxonomic ques-
tions might be settled and although we see mash-ups as
a very valuable tool for exploring potential information
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on the Web (especially as they can be set up quickly),
their use will be enhanced by better authoritative Web
taxonomies rather than being a substitute for them.

Unitary Taxonomies

Another radical use of the Web in taxonomy would be
to build a Web-based environment in which all aspects of
the taxonomic project could be pursued. New versions
of the Codes could insist that for a nomenclatural act
to be valid it would have to published within this en-
vironment. Such an approach has been called a unitary
taxonomy (Godfray, 2002) and although it would retain
much of taxonomy as currently practiced, the fact that all
the resources relevant to the systematics of a particular
group would be present at a single site would lead to a
very different information landscape compared with the
current distributed taxonomy.

There are different ways a unitary taxonomy could
be constructed, and here we briefly outline one particu-
lar model (Godfray, 2002). Consider a taxon containing a
significant number of species distributed throughout the
globe. The first Web revision of such a taxon would con-
sist of standardized descriptions and illustrations of all
the species and higher taxa it contained, much as would
a major paper-based revision today (or rather a Web-
enhanced but otherwise traditional Web revision). The
first Web revision would also contain synonymies and
other alternative taxonomic hypotheses from which the
compilers of the consensus taxonomy might dissent. But
unlike a standard revision today, once the first Web re-
vision was completed and published, it would fully cir-
cumscribe the set of names and concepts that would need
in the future to be referred to by systematists working on
the group. The information space for the taxon would be
clearly delimited and accessible to all, no matter how re-
stricted their access was to traditional libraries. No longer
would there be a risk of nomenclatural instability due to
the discovery of an overlooked or misinterpreted spec-
imen. Clearly the first Web revision would be a major
step in the taxonomy of a group and important to be of as
high a quality as possible. One could envisage an exten-
sive period of Web-based refereeing by the community
of people working on the taxa, and then the equivalent of
an editorial board, a “taxon committee,” deciding among
competing views.

How would taxonomy proceed within the unitary en-
vironment? Suppose a systematist describes a new taxon,
or proposes some other change to the taxonomy of the
group. He or she would enter it into the Web site and
it would then go through a period of Web-based re-
view by the community. At the end of this, the editorial
committee, based on the community responses, would
decide whether it became part of the current Web revi-
sion, or whether it was provisionally excluded. The cur-
rent Web revision would thus represent a provisional,
consensus taxonomy. The end-users of taxonomy, the
ecologists, environmentalists, other biologists, and am-
ateurs, would have an unambiguous recommendation
that they could use in their work (with the possibility of

investigating alternative hypotheses should they want).
But importantly all currently rejected hypotheses would
be maintained on the Web site for further consideration,
and they may, if the evidence base changes, become part
of a future consensus taxonomy. Strong differences of
opinion within the community may still be present de-
spite the consensus presented for wider consumption.
The point is for the user community to be protected from
the confusion of a plethora of different hypotheses, but
not to be misled by any implication that the consensus
is unchanging or that it is intended to mask possible un-
derlying alternative views. Taxonomists rightly guard
their independence and the plurality of opinion possi-
ble with a distributed taxonomy. All the benefits of this
could be retained in a unitary taxonomy environment,
with the one proviso that a community provisional con-
sensus would also be provided to give a product of max-
imum use to the consumers (and funders) of taxonomy.
Again, confidence in the fair determination of a consen-
sus taxonomy would require a representative taxon com-
mittee operating under clear and transparent guidelines;
the International Commissions might be asked to include
overseeing this process as part of their roles.

What are the advantages and disadvantages of this
model for doing taxonomy? Consider the advantages
first. As with any Web-published revision, taxonomists
would be liberated from the constraints of paper publi-
cation; they could produce as long a description as nec-
essary, with as many illustrations as required. Video,
sound, or information in any other digitizable media
could be included. The information would be available
(we believe for free), to anyone, anywhere, no matter how
poor their local library facilities, provided, of course, they
had an Internet connection. Even the latter constraint
might be relaxed as the full taxonomy could be down-
loaded onto a CD or other medium, at the cost of some
functionality.

There are further advantages to unitary taxonomies
that would not apply to a Web-based but otherwise
distributed taxonomy. If the complete nonspecimen re-
sources for the taxonomy of a group were available at
a single site, it would make it immeasurably easier for
systematists in developing countries to make valuable
contributions to a group’s taxonomy. (For that matter
it would greatly help the large number of taxonomists
who live in developed countries but who do not have
easy access to the best specialist libraries.) By ensuring
that all new taxa were described in one place, to at least
a minimum standard, and refereed in a uniform man-
ner, it would help prevent the nomenclatural confusions
whose resolution occupies so much of the time of con-
temporary taxonomists. It would also allow smart use
of modern digital information technology. All this, we
think, would allow taxonomists to be more productive
and more efficient.

We believe that it is important for unitary taxonomies
to be integrated within the global network of biodiver-
sity databases. We mentioned above Globally Unique
Identifiers (GUIDs; Leach et al., 2005): every taxon con-
cept (in the sense of Berendsohn, 1995) in a unitary
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taxonomy would have a GUID. As the current Web tax-
onomy replaces the previous one, any alteration in the
taxon concept attached to a particular name would re-
sult in a new GUID for the new hypothesis and a log-
ical statement connecting the two. A biologist writing
a paper who today might refer to a Linnean binomial
could then supplement it with a GUID that denotes
the particular taxonomic concept he or she is using.
In the future, readers could understand immediately in
what sense the binomial was being used, and then em-
ploy the unitary taxonomy to tell them how that taxon
is to be interpreted today. We would hope that jour-
nal editors might begin to insist on such designations,
just as they would today demand a GenBank (http://
www.ncbi.nlm.nih.gov/Genbank/) accession number
for a quoted DNA sequence. Much more sophisticated
uses of GUIDs are possible; any item of information in-
cluding a physical specimen can be assigned a GUID and
linked logically to the taxon in a unitary taxonomy.

GUIDs are also valuable because they expose infor-
mation in a standard way to other software. The infor-
mation in a unitary taxonomy could be harvested by
other systems; for example, providing databases of spec-
imens, images, names, and publications. One can envis-
age a community of taxonomic and taxonomy-related
information systems that exchange information with
each other and seamlessly provide different types of re-
sources to different categories of end-users (Paterson et
al., 2006). GUIDs in unitary taxonomies may help under-
line the importance of the subject by providing metrics
for taxonomic use (frequency of citation of GUIDs). Tax-
onomy is notoriously badly served by current science re-
search bibliometrics, possibly affecting its funding base.

What about the disadvantages? The most frequent crit-
icism of unitary taxonomy is that it is top-down and
authoritarian, at variance with the bottom-up and in-
dividualistic tradition of taxonomy (Thiele and Yeates,
2002). Insisting that all properly formulated (i.e., Code
compliant) taxonomic hypotheses are maintained on the
Web site might go some way to allay this, but neverthe-
less the designation of a consensus taxonomy (even with
the caveats about checks and balances discussed above)
is new and raises understandable concerns. It is surely
true that major treatments, such as monographs, are typ-
ically treated de facto as a consensus by most users, even
those from the community working on that group, but
that is different from a formal designation of a consen-
sus. Taxonomy needs to ask itself whether the possible
dangers of designating a consensus taxonomy are out-
weighed by the advantages to the end-users of taxon-
omy, and whether it will stimulate a larger and more
vocal constituency of end-users who will then argue for
more resources and funding for the subject.

A second potential disadvantage is that whereas the
current distributed model of taxonomy requires little
maintenance and upkeep other than maintaining a li-
brary and a vibrant publishing sector, the unitary model
requires a Web site to be maintained and for there to be
an overseeing taxon committee. The obvious candidates
for running these Web sites are our major museums and

herbaria. But few if any of these institutions have spare
financial capacity, and they are already being requested
to do new things in addition to traditional research and
curation. New money will certainly be required, and it
is inevitable (as well as sensible) that should unitary tax-
onomies to be adopted it would be slowly, with different
groups transferring to the Web at different times and
rates. More positively, the burden of supporting unitary
taxonomy sites could be shared around the globe, and in
particular the many excellent taxonomists in developing
countries could contribute as equal partners to the taxo-
nomic project to a far greater degree than they do today,
hampered as they are by poor access to the taxonomic
literature. Note that ultimately there will be savings in
terms of journal subscriptions, which might even be suf-
ficient to pay for the unitary model, though this is un-
likely to be felt in the short term. An injection of funds to
provide the “activation energy” would still be essential.

Nothing in the model of unitary taxonomies described
above changes the underlying specimen-based approach
to systematics as currently practiced. Type specimens
would still be designated, and new systematic research
would still normally require the examination of types.
Borrowing types, or visiting institutions to view types,
will still often be a rate-limiting step in taxonomy, and
one that will disenfranchise many developing-world tax-
onomists who cannot afford to travel or live in states
to which institutions in developed countries are un-
willing to lend. By providing many more illustrations,
Web-based taxonomy can help by making clear which
specimens need to be consulted physically. What is more,
as discussed in the section on raw taxonomic resources
on the Web, modern imaging techniques can be used to
mount on the Web images of specimens and associated
morphological preparations that may be easier to inter-
pret than by traditional physical examination.

THE CATE PROJECT

It is inconceivable that the more radical facets of a uni-
tary taxonomy would be acceptable to the taxonomic
community, in particular its mandatory aspects, with-
out a demonstration that the taxonomy of a significant
group could be mounted at a single site. Likewise, it re-
mains to be shown that a viable Web environment can
be constructed in which taxonomy can be pursued. We
also suspect that the funding for unitary taxonomies, as
well as the essential commitment by major institutions,
would demand proof of principle. The goals of the CATE
project are to develop one-stop taxonomic Web resources
for two significant (>1000 species) groups of plants and
animals, and to develop the software resources to allow
new taxonomic hypotheses to be advanced within the
site. In addition, it is hoped that the project will flag
up any unanticipated problems and issues, as well as
demonstrating to the generators and users of taxonomy
the benefits of simplified access to systematic resources.
Although the taxon treatments that will be mounted
will be the equivalent of a first Web revision, it will of
course have none of the special nomenclatural privileges
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of unitary taxonomies proposed above, and similarly any
new taxonomic hypotheses would need to comply with
the Codes as currently formulated. Yet we hope it will be
a test case for the feasibility, advantages, and disadvan-
tages of moving away from distributed taxonomies.

The project acronym stands for Creating a Taxonomic
E-science and is funded by the UK’s Natural Environ-
ment Research Council’s E-Science Program. It is a con-
sortium led by the Natural History Museum (NHM),
London, and including the Royal Botanic Gardens, Kew
(RBGK), and Oxford University. The NHM is responsi-
ble for the animal exemplar group, the Sphingidae (hawk
moths, Lepidoptera); RBGK is responsible for the plant
exemplar group, part of the Araceae (aroids); whereas
software development is led by Oxford. The project be-
gan in early 2006 with material to be displayed on the
Web as it is produced (the first substantial upload will
take place in early 2007; online appendix section 11).

The two exemplar taxonomic groups were chosen to
be of a feasible size to tackle with the resources avail-
able in the project, and to be groups for which a rel-
atively mature taxonomy already existed (Mayo et al.,
1997; Kitching and Cadiou, 2000). A plant and animal
group were chosen to reflect the two different Interna-
tional Codes and their associated taxonomic traditions.
The two groups differ considerably in the kind of ma-
terial normally included in a standard revision. For the
Sphingidae (as for most Lepidoptera), there is not the
tradition of producing dichotomous keys, and instead
diagnosis and identification typically relies on a text de-
scription, illustration of wing patterns, and illustrations
of male and female genitalia. In contrast, aroid taxon-
omy requires a text description and a dichotomous key,
ideally with illustrations of flower and leaf morphology
(Mayo et al., 1997; Croat, 2004).

The Web revision for each taxon will consist of a se-
ries of “pages” for each taxonomic concept. A species
page for a hawk moth will consist of a series of pho-
tographs of male and female specimens, both uppersides
and undersides, and photographs of the genitalia. There
will be a text description that concentrates on diagnos-
tic features. The location and designation of type mate-
rial will be described, as well as proposed synonymy.
At least within the current project the distribution of
the species will be given at the country/major region
level using the standardized codes developed by Bio-
diversity Information Standards (Brummitt et al., 2001).
There will be a section on biology that will initially in-
clude, where known, food plant and phenology, and any
other major feature of the taxon. We hope to supplement
this data with links to external sources of data, such
as the project to barcode the Sphingidae of the world
(http://www.lepbarcoding.org). The species pages for
the aroids will also consist of a text description and di-
agnosis, and illustrations where appropriate of herbar-
ium sheets, living specimens, and drawings of diagnostic
features. Information on habitat, altitudinal range, and
flowering phenology will also be provided, as will pro-
posed synonymy and the location of type specimens. All
species will be keyed using interactive keys. Where nec-

essary, the author of the species page can add comments
describing the basis for his or her decisions.

The initial goal of the project is to mount a first Web
revision, though this will largely reflect the current tax-
onomy of each group rather than incorporating new re-
search. This taxonomy will then be available for review
and revision by the hawkmoth and aroid communities
and, indeed, anyone else. Changes, such as new species
and synonymies, will take the form of submitted contri-
butions in the form of pages, which will then be made
available on the site for a period of review and comment.
An editorial committee independent of the authors will
then make the final decision as to what enters the con-
sensus, a process akin to the standard peer review sys-
tem common to all the sciences. The next edition of the
Web taxonomy will include both the consensus taxon-
omy and all alternative hypotheses. All previous editions
of the taxonomy will be archived and accessible on the
Web site.

The structure of each Web site consists of an underly-
ing database and a software application that makes the
data available as Web pages. Users are, by default, di-
rected to the consensus classification, but are able to view
alternative hypotheses, proposed changes and previous
Web taxonomies where they exist, aspects of the Web site
that should be particularly attractive to specialist users.

Users will be able to register and propose changes to
the current consensus classification. Changes could in-
clude adding new information to an existing taxon page
or defining new taxonomic hypotheses. Taxonomists will
be able to develop a proposal using resources available
within the site, and, when complete, submit it for Web
review. Before successful submission, the software will
ensure that a set of minimum criteria are fulfilled; for ex-
ample, a new species requires a diagnosis, designation
of type specimen, etc.

Once a proposal has been submitted to the Web revi-
sion, it is available for other users to review, in an open
process. After a sufficient period of review, the editors
will examine the submission and the reviews, and de-
cide whether the changes should be incorporated into
the consensus classification and provide an explanation
of why the new taxonomic hypothesis was or was not
included.

One of the goals of unitary taxonomies is to increase
the engagement of the broader biological community
with the taxonomic process, and to produce a biolog-
ically richer information source than is currently asso-
ciated with a traditional taxonomic revision. With this
aim in mind, users will be able to add information to the
species page, whether it is a new image, a fact about the
biology of the species, a new distributional record, or in-
deed anything else. These wiki-like contributions will be
accessible from but not part of the formal taxon page. The
information they contain may become part of the formal
taxon page when it is revised, and after the normal ref-
ereeing process. If this happens then the original contri-
bution is referenced, as one would a traditional scientific
paper. As with other wikis, people can also comment on
contributions.
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Finally, the Web pages will link to other resources
available on the Web. The common reference may be
either the Linnaean binomial or the formally assigned
LifeScience Identifier (LSID; Clark et al., 2004) if the other
resource chooses to use them. In addition to specific links
made by the author of each taxonomic hypotheses, fur-
ther Web resources can be identified by automated search
procedures on the model of the iSpecies project (aggre-
gating results from other resources such as search en-
gines) or by interfacing with major biodiversity clearing
houses, such as the GBIF project, as they develop. Of
course, it is important to distinguish the refereed con-
tents of the taxon Web pages from the material whose
relevance to the classification presented in the unitary
taxonomy is dependent on the accurate application of
the Linnean name or other identifier to the data.

If successful, a unitary taxonomy site on the CATE
model should help achieve the following goals. (i) To
make it easier for taxonomists to do research and for their
research to be more visible. (ii) To maintain the pluralis-
tic model of current distributed taxonomy by ensuring
alternative hypotheses about taxa are mounted for fu-
ture examination, but with the advantage that they are
accessible within a single site on the Internet. (iii) To cre-
ate an enhanced product for the end-users of taxonomy
through a dynamically updatable consensus taxonomy,
along with the electronic means of navigating among and
tracing references between different hypotheses and edi-
tions. (iv) To increase the constituency of people assisting
the taxonomic enterprise by encouraging wiki-style con-
tributions (with appropriate recognition and reference).
(v) To connect taxonomy further with the broader bio-
logical community by links to other major resources and
by automated search of the Web. (vi) To incorporate an
online peer-review system to enhance the scientific au-
thority of the Web site. (vii) To provide a flexible system
for online revisionary taxonomy that can be customized
through open-standards and protocols and rendered ap-
plicable to a diverse spread of taxa.

CONCLUSIONS

Though we believe very strongly in the importance of
taxonomy for biodiversity scientists trying to study and
protect life on earth, we are also concerned about the
threats facing the subject. To confront these challenges
we think taxonomy has to evolve to become more obvi-
ously relevant to the environmental sciences, and that the
only realistic means to achieve this goal, both in terms of
building taxonomy and providing access to it, is to ren-
der it primarily Internet based. We do not claim that the
model of Web-based, unitary taxonomy that we have de-
scribed above is the only way to proceed, but we would
argue that it and related ideas deserve serious consid-
eration and discussion. We finish by listing some of the
threats that face the subject, and how unitary taxonomies
may help allay them.

The first threat we perceive is that taxonomy is thought
of as poor value for money by science funders (Krebs,
1992; House of Lords, 2002), that the output of taxonomy,

the current distributed taxonomy of a group that needs
further interpretation before it can be used by nonspe-
cialists, is not seen to be a priority, especially for those
diverse, species-rich groups whose classification and
identification is essential for many areas of ecology and
biodiversity science. By centralizing resources for taxon-
omy at one site a unitary taxonomy will be more effi-
cient, whereas the production of a consensus taxonomy
will provide an important product for the people who
use taxonomic research. We believe this can be achieved
without breaking with the pluralist tradition of taxon-
omy where every worker has the right to advance a
hypothesis about a group. We are also optimistic that
if taxonomy provides better products for its end-users
this will increase the number of people arguing for more
funds for the subject.

Arguments for why more resources should be directed
to taxonomy frequently point out the importance of es-
tablishing species boundaries and identities (e.g., Bionet,
2007). Without a species being correctly defined or iden-
tified, control of an important human disease agent or
vector fails, or the correct biological control agent of an
agricultural pest is not found, or the source of a use-
ful plant secondary compound is overlooked. Identi-
fying species and determining species boundaries has
been one of the most important traditional tasks of tax-
onomists and will continue to be so. But taxonomists
should beware of making this a major justification for
supporting the subject. Even considering the complexi-
ties of species limits discussed in other contributions to
this symposium, today it is often easier for a biologist
to develop molecular tools to identify species or to de-
termine the amount of genetic differentiation between
two populations than to use morphological approaches
to answer the same questions. With the relentless ad-
vance of molecular techniques, this will become even
simpler in the future. Indeed, for questions of medical
or economic importance, it is pretty much inconceivable
today that molecular methods will not be applied. Of
course, it may be taxonomists wielding the pipette but
our point is that they no longer necessarily have a spe-
cial expertise or monopoly in this field. To maintain the
role of taxonomy in addressing these questions, its prac-
titioners must offer more than could be achieved by the
ordinary biologist. Maintaining unitary taxonomy Web
sites that collate and curate the extraordinarily rich in-
formation base on a taxon is one way for the subject to
continue to engage with the rest of biology and beyond.

Biodiversity scientists who need to identify large as-
semblages of species must, for nearly all groups, ei-
ther work with taxonomists or use the fruits of their
labor. For groups where specialists are scarce or un-
available, and where the taxonomic literature is diffi-
cult or impossible for nonspecialists to use, there is a
significant impediment to research (Gotelli, 2004). To-
day there is a way round this impediment. Short diag-
nostic DNA sequences, DNA barcodes, can be used to
distinguish amongst large assemblages of species. The
current barcoding initiative (Hebert et al., 2003, and see
http://barcoding.si.edu/) based on the mitochondrial
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co1 gene has attracted a variety of criticisms (Meyer and
Paulay, 2005; Brower, 2006; Waugh, 2007) and may not
work for all groups (including the not insignificant Plan-
tae) or be capable of distinguishing amongst all species
pairs. Nevertheless it works for many and can be devel-
oped further to include new markers that are likely to
make it much more efficient. There seems to us a real
danger that it will prove easier for ecologists and other
environmental scientists to switch from traditional tax-
onomy to a “DNA taxonomy” where individuals are as-
signed to clusters in sequence space rather than to base
their work on traditionally described species. Some en-
thusiasts for DNA taxonomy (though not the leaders of
the barcoding initiative; see Schindel and Miller, 2005)
even welcome and promote this as the only future, on
the grounds it will make taxonomy what they think of
as modern and efficient. Our view is that it would be
a major retrograde step, disconnecting future taxonomy
from the wealth of knowledge that has been built up
and indexed under the Linnaean system (see also Vogler
and Monaghan, 2007). It would also lead to a schism in
taxonomy, at least until DNA sequencing became cheap
enough to be universal. However, we believe that a Web-
based, unitary taxonomy has the capacity to include
all kinds of data, whether morphological, behavioral,
molecular, or of any other kind, and thus render unnec-
essary and counterproductive this and possible future
schisms.
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