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Taxonomic Revival 
By putting museum collections online and trainingstudents to be com- say, of globalchange. 
puter- and molecular biology-savvy, taxonomists hope their field will But because these data are spread across 
thrive in the new millennium many institutions,they have been notoriously 

hard to compile and use. A decade ago, any-
The biodiversity crisis is not just about the searchers have embraced molecular biology one interested in learning about a particular 
perilous state of plants and animals. Accu- techniques and evolutionaryprinciples. Uni- species had to scan index cards and ledger 
mulated knowledge about each species is versities are once again hiring them, and in books in which numerous biologists had 
also under threat. For several decades, the 1995,the U.S. National Science Foundation recorded what they had collected and where. 
plight of pandas, whales, woodpeckers, and (NSF) created a program designed to pro- To seewhat was containedin othermuseums, 
butterflies has regularly made headlines, mote this resurgence. With about $4 million the researcher actually had to visit them. 

a year, Partnerships for Enhancing Eventually, say leaders in biodiversity infor-
Expertise in Taxonomy (PEET, web. matics, that will no longer be necessary: Re-
nhm.ukans.edu/peet) is creatinga new searchers will need only log onto a Web site 
generation of systematists comfort- that gives them inventories of what each mu-
able with molecular and computer seum contains, sortable by species, geo-
tools as well as with the microscope graphic location, and perhaps evenhabitat. 
and collecting kit. The Universityof KansasNatural History 

Andjust as critical, PEET awardees Museum and BiodiversityResearch Center is 
are also helping to spawn a new field: at the forehnt of this new movement. "It has 
biodiversity informatics. PEET scien- done a lot in terms of leading the way in the 
tists and others are feverishly putting integration and coordination of collections" 
collections data online. Although online, saysTary Gosliner, who studies mol-
daunting,the task is critical, says ecol- lusks at the CaliforniaAcademy of Sciences 
ogist Jim Reichman, director of the in SanFrancisco.Although the Kansas muse-
National Center for EcologicalAnaly- um is a staid, limestone edifice built in 1901, 

rn sis and Synthesis at the University of behind the scenes, PEET scientists and other 
Bioinformaticsproponents. ( ~ ~ f tto right) Kansases California, Santa Barbara, as these CUIWXShave broken Out of the fraditional 
Jim Beach, Dave Vieglais, Daphne Fautin, Steve Ashe, data sets pmide a baseline mold, thanks in part to the vision of a new di-
and EdWiley, with some of their collections. for the next generationof rector, Leonard Krishtalka. 

biodiversity studies, in At the museum, a plant physio-
while scores of conservation organizations, large part by providing a logist-aunbmputer expert named 
government agencies, and private founda- historical context. "Our Dave V~eglais,for instance, has 
tions have worked to stem the decline. But hope is that the bioin- amassed a veritable database em-
only recently has attention turned to protect- formaticswill give bio- pire, known as Species Analyst 
ing the other side of biodiversity. diversity a brighter h- @banero.nhm.ukans.edu), making $ 

One "hotspot" of our knowledge of or- lure,"says Patrick Crist, possible onsstop shopping for speci- 2 
ganisms is the drawers and cabinets 111 of a conservation biologist mens. Now, thanks to Vieglais and his 
animal hides, bones, bodies, and mounted with the U.S. Geological colleagues, instead of paging through 
plant specimenswarehoused in naturalhisto- Survey in Moscow, Idaho. ancient ledgersa researcher cantype an 8 
ry museums, herbaria, and what were once organism's name into a personal com- 2 
the zoology, entomology,and botany depart- From Ledgersto to find out not only what's in $ 
ments of universities.Another hotspot is the keyboards the Kansascollections k 
aging taxonomists and systematistswho are Together, the world's nab- Coexistence. This but alsowhetha g
retiring, taking with them their in-depth un- ral history museums house 

2.8-mm ples ofthe speciesex- 3
lives within army

derstanding of whole groups of organisms. about 3 billion specimens, ant colonies. ist among the 12mil- $ 
The preservationof both types of knowledge some accompanied by lion specimensat sev- a 
has finally begun to attract attention from the notes about how these era1other museums, a number 
conservation community, biologists, and- organisms lived,repro- ethatwillsoonincreaseto38 g 
perhaps most important-funding agencies. duced-even what they million(Science,7 May 1999, g 

Two decades ago, taxonomy and system- ate. Collections can p. 888). "It's one of the more 5 
atics appeared to be on the way out, pushed dateback centuries,and excitingprojects that iscoming 
aside by the more glamorous discipline of paleontologic reposito- along," notes Stanley Blum, a m 
molecular biology. Government funding for ries pmvi& a view of bioinf~nnaticistat the Califor-
thisfield, widely perceived as stodgy, lapsed life goingback millions nia Academy of Sciences. 
in the 1980s, and at universities across the of years (see sidebar). TO p u ~it 06 
country, taxonomists lost office space, posi- With these records, re- Vieglais,and colleagueshad to Y 
tions, and respect. searchers can track Distinguishing features. Scanning overcome some entrenched 8 
NOWthis discipline is remaking itself in- changes in distribution electron micrographsshow details of views. m r i c d y ,  museums 

to a more rigorous, hypothesis-driven sci- through time and there- mouthparts that can be used to have tended to be possessive f 

ence. Increasing numbers of systematics re- fore assess the impact, identify beetle species. abouttheircollections,'Th~~lereg1 
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Fossil Databases Move to the Web Neogene Marine Biota of Tropical America, which logs marine fos- 
sils from the last 25 million years (porites.geology.uiowa.edu/  

Paleobiologists readily acknowledge that they lag behind disci- index.htm). At this stage, the site, which emphasizes photos, is ba-  
plines such as molecular biology in  sharing data on the Web. But sically "like a Peterson's field guide" for identifying specimens, says  
several researchers are working t o  put existing data sets online. co-curator Ann Budd of the University of lowa in  lowa City. But her  
And at least one team hopes t o  build a sort of CenBank of paleo- group plans t o  add data that's now accessible only t o  contributors  
biology, a Web site where everyone can deposit their fossil finds. so that other users can plot ranges and evolutionary trees.  
Organizers of these efforts face a big hurdle, however: deep divi- Another project just coming online is the Evolution of Terrestrial  
sions within the community over the sharing and quality of data. Ecosystems (ETE) database developed by NMNH and John Damuth of  

Although a 'web search wi l l  turn up at least a dozen paleo the University of California, Santa Barbara. I t  covers both animal and  
databases, many consist merely of photbs of selected fossil ipeci- plant terrestrial fossils and includes age, species lists, body size, and  
mens or taxonomic 1ists.A few broader databases limited t o  one re- diet for nearly 4000 localities, largely from the African late Cenozoic.  
gion, animal or plant group, or time period can be downloaded from This week, ETE debuted a pilot Web version of the database  
the Internet in  one huge chunk.Whatls missing are comprehensive, (etedata.si.edu). Behrensmeyer hopes more researchers will con- 
open-access, interactive Web databases that archive published data tribute."Once people see what can be done, I really think they wi l l  be  
on where and when a species lived, information that is critical for willing t o  provide access" t o  their data, she says.  
analyzing patterns of evolution and extinction. An even more ambitious pro-  

Paleobiologists point out that they face ject is under way at  the Nation-  
the difficult task of integrating species, a1 Center for Ecological Analysis  
temporal, spatial, and geochemical data and Synthesis (NCEAS) in  Santa  
that can quickly become obsolete i f  new bara: The goal is t o  span all  
fossils are discovered. "It's a much more e periods and organisms. Led  
complicated endeavor" than even living Marshall and John Alroy  
species databases, says Doug Erwin, paleo- NCEAS, the Paleobiology  
biology curator a t  the Smithsonian's Database is starting wi th  ma- 
National Museum of Natural History rine paleofauna bu t  plans  
(NMNH) (see main text). t o  fold in  other data such  

But would-be Web database builders as Alroy's own North Ameri-  
must also deal-with an ambivalence over can mammalian databases  
such repositories that goes back t o  the (www.nceas.ucsb.edu/   
most famous one, a marine species public/pmpd). "We need t o   
database built in  the 1970s that the late have integrated databases  
Jack Sepkoski of the University of Chicago t o  answer big-picture ques-  
used t o  overturn many ideas about extinc- tions" about evolution, says  
tions and diversification. Besides logging his ca marine fossil site is one of the first in- Alroy. An open database where  
own fossil finds, "he grazed and browsed in  teractive paleobiology Web databases. anyone can enter data via the  
the literature and used it in ways that made Web "represents the only ratio-  
some paleontologists uncomfortable," says Kay Behrensmeyer of nal solution," he says. Alroy has found 36 collaborators so far but  
NMNH. Such attitudes are still common among vertebrate paleon- predicts that some private databases "will never be online."  
tologists, whose fossils are relatively rare.These views play out both Indeed, skeptics of the all-in-one database idea abound. Richard  
as reluctance by some collectors t o  share their specimen databases Stucky of the Denver Museum of Nature and Science, who's com-  
and as long-running disputes over the quality of compilations such piling Cenozoic North American mammal data t o  expand an older  
as Sepkoski's-whether he used correct taxonomy, for example, database called FAUNMAP, asserts that he's painstakingly gathered  

Despite that baggage, a few broad Web paleodatabases are under data using "strict criteria" t o  address specific research problems.  
construction. They've been spurred by advances in  "relational Asks Stucky: "Can a central database answer all the questions [re-  
database" software that make it possible t o  dovetail separate data searchers are] asking? I say,'No.' "  
sets so that, say,'shifting the Eocene period by 1million years doesn't But others look forward t o  a day when anyone can trol l  a cen-  
mean having t o  adjust every entry in a database. Such tools "made a tral fossil database. Says Marshall, "It seems daft t o  go into the field  
huge difference," says Charles Marshall of Harvard University. and collect a bucketful of fossils and not see it recorded anywhere."  

One impressive experiment in  cooperative database building is -JOCELYN KAISER 

a very fierce streak of independence," notes To Vieglais fell the task of coming up ever since. He lets the curators in charge of 
Kansas informatics expert Jim Beach. Data- with a system that could work with all these these collections decide how much to put on- 
sharing is often carefully worked out among types of collections. He first tested his soft- line, so they are comfortable with sharing 
researchers studying a particular group of or- ware in 1998 by incorporating collections their hard-earned data. 
ganisms. And often individuals want to wait from the Kansas herbarium along with the As an added feature, Species Analyst for- 
until they've published all their results before museum's bird and mammal data into the wards the geographic information about a 
they open their books to colleagues. Compli- prototype Species Analyst. It was able to re- given species in each collection to the San 
cating matters further, each museum has had trieve information, despite differences in the Diego Supercomputer Center. There, a pro- 
its own way of doing things: Some, like formats of the collections. Soon afterward, gram called GARP developed by David 
Kansas, compiled information in ledgers, oth- he added mammals on file at the University Stockwell maps that information an4 based 
ers used computer text files, and still others of California, Berkeley, and he's been sign- on the environmental data available for those 
developed spreadsheets. ing up museums, collection by collection, sites, predicts the species' environmental 

www.sciencemag.org SCIENCE VOL 289 29 SEPTEMBER 2000 2307 



B l O l N F O R M A T l C S  F O R  B I O D I V E R S I T Y  

niche and its overall distribution. For in- 
stance, after the Asian long-horned beetle 
was discovered in Chicago and a few other 
sites in the eastern United States in 1998, 
Vieglais, Kansas bird curator Town Peterson, 
and their colleagues used their program to 
determine where it might choose to live in 
the United States. Their preliminary run was 
"encouraging," says Vieglais, in that it shows 
the program works, "but discouraging in that 
it identifies most of the eastern United States 
as potential habitat for this invertebrate." 

At this point, Species Analyst will pro- 
vide the distributions of a particular species 
and report those results back to researchers 
at their own computers. But Beach is already 
working on the next generation of bioinfor- 
rnatics software. one that will create an 

To aid in this endeavor, Ashe, a postdoc- 
toral fellow, and two graduate students have 
been assessing the evolutionary relation- 
ships of the oldest Aleocharinae species. 
They have already drawn up a list of names 
and synonyms of these beetles and are 
working out identification guides to the 
Aleocharinae in North America and Mexi- 
co. And rather than publish these in some 
obscure journal, they are putting their work 
online. They are also posting illustrations to 
help biologists figure out what they've got. 
To date, the Web site contains 1300 pic- 
tures, drawings, and scanning electron mi- 
crographs of body parts fiom 350 genera. 
It's possible to call up a set of images by the 
genus name, say, or call up legs from an en- 
tire ECOUD. 

graphical problem." The 1300 species could 
really represent only 800. 

To figure this out, Fautin tracked down 
the specimens that were used in the original 
description of a species. Now she has an in- 
ventory of what museums have which 
species, a resource that enables researchers 
at their office computers to easily identify 
the location of the specimens they are inter- 
ested in. Unlike that in Species Analyst, her 
data set already covers all of the relevant mu- 
seums, but only for sea anemones. 

Early days 
Despite these promising advances, biodiversi- 
ty biohformatics programs still have a way to 
go. Converting collection information into a 
digital form is tremendously hard-and - * 

archive of distributions for all the species 
- 

boring-work The data onthe 
contained within the Species Analyst fold. millions of specimens at each 
This archive will enable researchers to do major museum could take tens 
more computer-based assessments of the or- 
ganisms under study. With a $2 million NSF 
grant, Beach and colleagues fiom California, 
New Mexico, and Massachusetts will spend 
the next 2 years creating this archive. Once it 
is in place, Beach hopes to set up a Web site 
that will enable users to ask for a list of 
species that inhabit any place on the globe. 
h addition, researchers will be able to look 
for overlap in the habitats of, say, sister 
species, or of a plant and its insect pests. 
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Working on the Web 
As bioinformaticists, Beach and Vieglais ap- 
preciate how computers can revive interest in 
and the use of taxonomic collections. With 

of person-years to enter by hand 
into a computer, even if those in- 
stitutions had the funds to do this 
work. So while fish collections 
are in good s h a m  database 
containing the estimated 25,000 
fish species was recently com- 
pleted--many insect collections 
remain untouched. 

Adding to the tediousness of 
the chore are entries about 
where the plant, butterfly, or ele- 
phant was found. Saying that a 
specimen comes from "5 miles 
[8 lan] south of the intersection 
of Route 5 and Interstate 80" 

impetus from their PEET Pinpointed. Web maps now show means little to a researcher in a 
grants, some traditional where researchers have found sea different state, much less moth- 
systematicists are learn- anemones, including this bizarre er country. For that reason, geo- 
ing this same lesson. The corallimorpharian (left). graphic analysis programs r e  
PEET awards, started in quire locations demarked by lat- 
1995, come with a key Kansas marine itude and longitude. So for the time being, 
stipulation. To receive one biologist Daphne someone must figure out fiom maps what the 
of these 5-year grants, Fautin, one of only corresponding coordinates should be. "Just 
researchers must agree four sea anemone documenting what we already how is a 
that in addition to classi- systematists in the tremendous challenge," says Gosliner of Cal- 
fjrlng little-known species world, also sees il- ifornia's Academy of Sciences. 
and preparing the next lustrations as criti- Finally, Fautin and others wonder 
generation of taxonomists, they must devel- cal for the proper identification of her group whether technology will change so that 50 
op Web-based resources describing their or- of organisms. She received a PEET grant to years fiom now, Web-based taxonomic re- 
ganisrns; the Internet, NSF's board realized, build a global database of sea anemones. sources will be inaccessible. She, for one, 
can open the museum drawers and cabinets Early in the project she realized few people still plans to publish a print catalog about her 
to a much broader constituency than the few had access to the original literature in which sea anemone work. But others, such as 
researchers who hhve access now. many sea anemones were first described. For Blum, think those womes are unfounded. 

Entomologist James Stephen Ashe, who that reason, her Web page includes historic The future is in the Web, he insists, citing a 
runs one PEET team at Kansas, is attempting illustrations fiom some century-old reports. dozen projects like Species Analyst as just 
to sort out a large group of tiny beetles, the Fautin's goal is to sort out just how many the tip of the electronic taxonomic iceberg. 
Aleocharinaethethe type of work he has species there are. Sometimes, a species was 'We need to stop committing the informa- 
always done, but with a new twist. "There named more than once by researchers who tion to paper," he says. His attitude, and that 
are so many and they are so small that they discovered it on different sides of the globe. of an increasing number of systematists, cu- 
have overwhelmed the taxonomic expertise," That members of the same species can look rators, and biologists, is gradually changing 
Ashe says. Even beetle experts often can't quite different only complicates the matter. the face of systematics, says Beach, and g 
pin down the genus, let alone the species, of Explains Fautin: "It's a big bookkeeping making this "a tremendously exciting time." f 

these beetles. problem, and also a biodiversity and biogeo- -ELIZABETH PENNISI 8 
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