How might more systematics be funded?
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In the October issue of Antenna, the Society’s President, Mike Claridge, introduced the Systematic Biology Initiative, a statement from a group of societies analysing the plight of systematic biology in the UK.  It argues that the status of the subject is deteriorating because, among other reasons, Research Councils fund only “hypothesis-driven” research; taxonomic publications are judged to have low impact; and because funding is scarce and new money tends to go to fields that are perceived to be “sexier”.  A main recommendation is for a new national systematics body to co-ordinate systematic research, and to advise government and other bodies on priorities.

I think the statement provides an excellent summary of many of the problems besetting the field, and that the proposed new organisation would be an invaluable focus of activity.  But I do wonder if the statement goes far enough.  I suspect that the decline in systematics research is even more structurally embedded than the gloomy tone of the statement suggests, and that more radical action is need to reverse this tide.  

In this article I first explore some of the reasons why taxonomy is currently so unattractive to Research Councils and other funding bodies.  After this essentially negative exercise I try to argue that systematic research can indeed be reinvigorated, but only if the field reinvents itself as 21st century information science. 

Why is more taxonomy not funded?

I disagree with the conclusion that taxonomy is not funded because Research Councils fund only hypothesis-driven science.  Wellcome & BBSRC fund descriptive genomics; NERC funds a variety of remote sensing and geological survey work; PPARC funds star surveys.  The rationale behind all these projects is that it enables other science, pure and applied, to proceed; the same argument often put forward in support of taxonomic research. There must be something different about classifying and cataloguing species which makes it less fundable compared with genes, rocks and stars.  Here are some possible reasons.

1) Goals.  All the projects mentioned above have clearly defined goals: the complete human genome sequence; the complete list of rock types or stars at some specified resolution.  What are the achievable goals that systematists are setting themselves internationally?  Mere lists of names are unexciting, a complete catalogue of life on earth is perhaps too ambitious—something intermediate is needed. By stressing the enormity of the task, systematists risk frightening off any investment.

2) Nomenclature.  There is a perception, whose truth varies from group to group, that a large part of the life of a working taxonomist concerns delving in the 19th century literature and chasing the location of types in distant museums.  In the groups of insects that I try to identify, a depressing fraction of the literature is concerned with these issues, and for some taxa the legacy of 19th century entomology is a dead weight suffocating the field.  No one wants to revise some groups of parasitoid wasps because of the complex synonymy that needs to be resolved, and it is hard to see this type of revisionary work, at least as currently practised, ever being seriously funded because it is simply not good value for money.  

3) Output.  From my computer I can download the sequences of millions of genes, or the positions of countless stars.  With a few notable exceptions, I can find very little serious taxonomic information on the web
.  Taxonomy is an information-rich science and is expensive to publish in paper form, especially if it involves many scanning electron micrographs and other illustrations.  This means much taxonomic output is in expensive journals or books that are purchased by only a few specialised libraries, which means short print runs and hence higher expenses—a vicious circle.  Research Councils and other bodies are unlikely to invest in expensive research if the output is only narrowly available.  

The two bioinformatics crises

In the century after Linnaeus, biology encountered and successfully solved its first bioinformatics crisis.  The unexpectedly vast number of species, and the initial confusion caused by poor and repeated descriptions of the same taxon, risked destroying the emerging subject.  But what has now metamorphosed into the Codes of Zoological and Botanical Nomenclature, stabilised the field and introduced a universally accepted set of rules that has been of inestimable value to all branches of biology.  Systematists invented bioinformatics before the word existed, and are rightly proud of their huge achievements.  Any change in the way systematics is carried out must preserve these accomplishments—it must be evolutionary not revolutionary.

The second bioinformatics crisis hit biology only in the last decade and is being solved using the tools available today.  The crisis was triggered by the vast number of DNA sequences that started accumulating in the 1990s, and the realisation that almost industrial-scale microarray and proteinomic studies would soon generate quantities of data unimaginable only a few years ago.  Molecular bioinformatics is one of the highest priority fields in contemporary science, and the tools already developed are hugely impressive.  For example, browse through Flybase (http://fly.ebi.ac.uk:7081/), the Drosophila genome database. In addition to all the molecular genetics, it’s not a bad place to find the literature on Drosophila taxonomy.

In many ways systematics is the victim of its own success.  The first bioinformatics crises was solved by developing a complex series of rules and codes supported by paper-based publication.  At the time it was a state-of-the-art solution.  But two things have changed.  First, we now realise that the magnitude of the task is even greater than previously appreciated.  Second, technology has moved on and now the biological community is poorly served by current systematics compared with other branches of bioinformatics.  The rigidity built into the rules and codes of taxonomy was part of its success, but now it is a break on change leading to a subject that frankly often looks anachronistic and has difficulty in attractive funds.

  I believe that for systematics ever to become fundable it needs to reinvent itself as a 21st century information science, learning the lessons of the second bioinformatics crisis.  It must become wholly web based, and universally accessible.  There are already numerous systematics initiatives on the web, many of them very valuable, but I fear that most are not ambitious enough; they are grafting 21st century bioinformatics onto a 19th century rootstock that just isn’t up to it.  I think the real challenge is to work out a way of rejuvenating the subject that preserves the huge corpus of systematic knowledge and expertise that has accumulated since Linnaeus.

One way forward

How can systematics move to the web in an evolutionary manner preserving its hard-won achievements?  Here is one possible way, though I’m sure a professional taxonomist could improve upon it.  Introduce, as a formal taxonomic procedure, the “first web revision”.  This would be a revision of a significant taxonomic group on a global or major geographical scale in which all species are described to a level specified by an International Body equivalent to the ICZN or ICBN.  So, for example, all butterflies might have a traditional written description, a figure of the upper and lower wing surfaces, and a figure of the genitalia.  The description would be linked to the traditional type in a museum collection; and would include a list of known synonyms.  Often, there would be an image of the holotype.  There would be rules for the definitions and descriptions of higher taxa, and ideally the requirement for keys.  Once the revision was put on the web, after a significant process of revision and refereeing (see below), the taxonomy of the group would henceforth be web-based, in the following sense.  Were someone to discover a new species of this group, to describe it they would then need only refer to the set of species in the “first web revision” and any others added to be website since then.  

What happens if you discover that a species named on the web last year by Bloggs had in fact been named by Linnaeus 250 years ago or Vane Wright 10 years ago, but had been overlooked in the first web revision?  Well this is an interesting historical fact and would be added to Bloggs’ species web site.  But the name wouldn’t change; no disrespect to these gentleman but a line has to be drawn somewhere.  What happens if I want to lump or split species in the first web revision, or revise the higher classification?  Then I submit the revision for refereeing, and if accepted it becomes the “current web revision”, though the website contains the complete history of the taxonomy.  In fact, after the first web revision, much of taxonomy would continue as usual, except the complete body of knowledge would be available in one place.

Advantages & disadvantages

Such a scheme would be evolutionary in the sense that taxa would be added to the web when resources and expertise were available, and the “first web revision” would preserve all the hard-won expertise of traditional taxonomy.  Until a taxon moved to the web the present rules would continue to apply.  It would set a series of realistic goals that the community could put before granting agencies.  I do not think it unrealistic that a major private foundation would want to be associated with the “first web revision” of, say the Lepidoptera, or the Culicidae (and if they wanted their logo on the web page, then why not).  It would liberate taxonomy from the bad but not the good aspects of the subject’s history.  After the “first web revision” was achieved taxonomist would no longer have to bother with 19th century nomenclature, but 19th century insights and biology could be incorporated into the website.  As projects such as JSTOR (http://www.jstor.org/) continue to put the accumulated scientific literature on the web, one could envision a species’ web page containing links to the important papers on its biology.  

In fact a key aspect of the web-based taxonomy should be its ability to be extended or linked to other databases.  If the only way to identify conclusively the trichogrammatid wasp in front of me is to sequence its ribosomal ITS, then I should be able to download the primer sequences from that species’ web-page.  Conversely, other web pages will link to the taxonomy site.  A typical reference to a species in a journal paper today is just the binomial and possibly the authority.  A more valuable reference would be to the current web revision.  Were the status of the species to change then the link would take you to the original web revision from which you would navigate forward to understand how the species is interpreted today.  There would also be reciprocal links to phylogenetic projects such as the Tree of Life (http://phylogeny.arizona.edu/tree/phylogeny.html) that aims to build a phylogeny of all living organisms.

A further advantage is that species descriptions will be liberated from the constraints imposed by journal and book production costs.  If I need 50 scanning electron micrographs to describe fully a variable species then I can add them to the web site, something inconceivable for a paper publication.  Similarly I could add large character matrices, or alternative phylogenetic hypotheses.  Some of this information will be downloadable, character matrices for instance; or interactive keys might be used.  The web-based system would also allow small taxonomic advances, that might not justify a full paper at present, to be added to the sum of knowledge of a group, whereas today they might be lost.  The liberation from the costs of printing is important for another reason.  Many of the arguments for increased funding of systematics highlight its importance for other fields of biology.  For example, ecologists, conservationists, pest managers and amateur naturalists are the “end-users” of taxonomic research.  Much more effort needs to go into making taxonomic research more accessible to these groups. The telegraphic jargon and paucity of illustrations in most taxonomic keys and works shut out many of these end-users.  This is not the fault of taxonomists, the jargon evolved to allow results to be communicated in a medium where brevity is at a premium.  The web should help solve this problem by giving taxonomists the space they need to be understood.  

And finally, the taxonomy will be universally available to anyone with a computer and connection to the internet.  This greater availability will ensure that the output of systematics research is used more, surely what every taxonomist wants, and what research sponsors demand.  Beyond the scientific community it will increase the visibility of taxonomy and, I believe, create the climate to attract funds from both traditional and non-traditional sources.  And it will enthuse the next generation of biologists: whereas many of us started by hunting insects with nets, the kids of tomorrow will hunt them with digital cameras, downloading their latest choice capture into their PC’s virtual collection, and then reading up about it on its webpage.

What of the disadvantages?  At present a group’s taxonomy does not need administration (though the type specimens and collections do): it is the set of papers on the group, in different journals, of different ages, and often written to varying standards.  This dispersed taxonomy is of course part of the problem, but it does have the virtue that if no one’s interested in a group, the taxonomy quietly diapauses in the library.  A web-based taxonomy will need administration of two types: first, the physical implementation on servers and networks; and second, the intellectual administration of the “current web revision”.

I think the physical implementation is the job of our great Museums, suitably resourced.  Through their staff, collections and publications they have preserved and enhanced the intellectual legacy of the first bioinformatics crisis, and they have virtually all embraced the web with enthusiasm.  The International Body equivalent to the ICZN would be responsible for determining who hosts the web, and that they have the facilities to do this successfully.  I realise that the economic feasibility for the great Museums to host sites is the major determinant of whether a scheme such this is viable.

The intellectual administration is in many ways like editing a journal.  Who should do this? Not the ICZN equivalent; it would be too much for one organisation, though that body would set the basic rules.  There are different possibilities for what I shall call the Taxon Committtee; for Hymenoptera I would nominate the International Society of Hymenopterists who are fast becoming a focus for study of the order.  I suspect that there are equivalent bodies for most taxa, though a few might have to be set up de novo.  The “first web revision” itself would need extensive refereeing, and probably revision; while later additions and emendations would also need to be reviewed.  A possible model for this would be to post everything on the web in a provisional form for a certain period, six months or a year, for comment and criticism by the community.  The Taxon Committee would then act as an editor, determining what needs to be done, and ultimately accepting or rejecting material for the current revision.

A criticism of all this is that it is top-down dictatorial, at variance with the individualistic tradition of systematics.  Up to a point this is true, but I believe a price worth paying.  Molecular biologists are not concerned about journals refusing to publish their papers unless gene sequences are deposited in EMBL or GenBank.  But I think one can maintain much of the individualism.  Suppose I describe a new species and the Taxon Committee turns it down, on the grounds that it is not distinct from an existing species; or they reject my new generic revision of swallowtail butterflies on the (what I consider spurious) grounds that it is silly for every genus to be monospecific!  Then I should be allowed to have my revision lodged on the website, not as part of the “current web revision” but referenced from within the appropriate species or genus page.  When my genius is recognised by taxonomists as yet unborn then my 45 new butterfly genera will eventually see the light of day.  A related criticism is that it disenfranchises taxonomists without access to the web.  But I contend that very many more current and potential taxonomists are disenfranchised by the highly specialised literature that is available in only a few libraries.  Even if someone cannot access the web, it may be possible to get a printed version of the relevant material.

A critical part of this proposal is that web-based revisions of different taxa should form a series of attainable goals that will attract funding.  A potential problem is the intractability of certain groups, and the natural reluctance of taxonomists to leave a group with some outstanding problems remaining.  It seems silly that small groups of genuinely difficult species should hold up a whole taxon’s revision.  Of course the best solution is to commission new research on the group, but this will not always be feasible.  In these cases it may be necessary, at the Taxon Committee’s discretion, to give certain taxa provisional status.  A series of taxa, linked to type material, might be described as normal species linked to type material, but decisions on their real status suspended.  The taxa could then be referred to jointly as a species complex (an informal title) until these issues are resolved.  Hopefully this designation would be a stimulus to research.

There are a series of other possible objections; how will one ensure the information is lost, or data formats will not change?  These need to be addressed, but essentially have been solved by molecular geneticists and other bioinformaticists.  The data does not exist as a single copy at a single site, but at mirror sites, and is backed up in distributed archives.  Modern metadata technologies are changing the nature of computer information and making formatting problems a thing of the past.  A further important issue is to design the web-based system in such a way that individual scientists get credit for their contributions, in the same way that scientific publications contribute to their career development at present.

Conclusion 

There are already important web-based taxonomy initiatives.  For example, Species 2000 (http://www.sp2000.org/) has ambitious plans to inventory all known species, and the Global Biodiversity Information Facility (http://www.gbif.org/) aims to act as a “one-stop” clearing house for biodiversity information.  Inventories and lists of name are invaluable first steps, but like a raw DNA sequence are of limited general use without the annotation provided by full taxonomic description and associated biological information.  In the States a group are trying to raise private funds to describe all living organisms (http://www.all-species.org/  and see also Science 294, 769; 2001).  What fabulous vision, but I think it is a non-starter unless taxonomy goes digital.

In the short term I am not very optimistic about bolstering taxonomic research in the UK.  I am lucky enough to work in a Department that employs active taxonomists and which runs with the Natural History Museum a vibrant systematics MSc, the fruits of the NERC Initiative in Taxonomy.  But I agree with the Systematic Biology Initiative that most Biology Departments have little or no taxonomy.  If systematics continues, business as usual, I see nothing but the decline continuing.  But if it recognises the need for evolutionary, yet root and branch, change; and transforms itself into a modern bioinformation science, then I see it regaining its position at the heart of biology.  But this cannot be done just at national level, an international solution is required. I suspect the proposal here is shot full of flaws and impracticalities, I am not a practising taxonomist.  But if the Initiative is successful in setting up a new national body to energise UK systematics, then I hope it will take the lead in developing a similarly radical solution to taxonomy’s second bioinformatics crisis.
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� For two wonderful examples from the Natural History Museum’s website of the potential of the web in taxonomy see Paul Williams’ bumble bee site (http://www.nhm.ac.uk/entomology/bombus/index.html), and Andrew Smith’s fossil and contemporary echinoid site (http://www.nhm.ac.uk/palaeontology/echinoids/index.html)
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