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sible to know fairly precisely where the specimens
came from, their ecological setting and other rel-
evant information. More typical are notes like those
of mid-19th century explorer Charles Wright, many
of whose specimens, distributed to museums in the
eastern United States and Europe, are accompa-
nied only by notes giving the month and year he
collected and the location as “western Texas.”

Collecting practices like these continued well
into the 20th century, persisting longest in tropical
areas. In well-explored areas, collectors were able
to give precise locations, but in tropical areas they
may only have known the river they were along
and how many hours of paddling it took to get there
from a distant village. Ecological information with
the specimens tended to be idiosyncratic, with some
scientists providing good descriptions of vegeta-
tion, soil and other relevant conditions, whereas
others provided little or no data. Beginning in the
19th century, the most significant change was the
elimination of the amateur collector. Instead, pre-
dominant practice throughout the 20th century has
been for professional scientists to serve both as field
collectors and museum experts. Museums world-
wide now hold an estimated two to three billion
biodiversity specimens, about 75% in the industri-
alized countries, and the number continues to grow
(www.gbif.org/GBIF_org/facility/BIrepfin.pdf). 

There are standard practices for treating and
preserving new specimens. Plants generally are
flattened, dried and glued to reinforcing archival
paper. Vertebrate animals may be preserved whole
in alcohol or represented only by their skins, bones
or shells. Invertebrates like insects are pinned, pre-
served in alcohol or mounted on microscope slides.
In all cases specimens are accompanied by a label

A s with the rest of science, biodiversity and neu-
roscience are becoming increasingly techno-

logical and data-rich. At the same time biodiver-
sity studies retain many traditional tools and
materials, while in neuroscience new tools are fre-
quently developed. Information science can help
both fields develop tools that exploit modern tech-
nologies to increase data-gathering efficiency, to
improve quality control and, where necessary, to
integrate historical and modern methods and mate-
rials. We will present overviews of biodiversity and
neuroscience separately and conclude by summa-
rizing how information science can help both fields
address similar issues.

Biodiversity
A valuable perspective on biodiversity studies

can be gained from considering the Lewis and Clark
Expedition, whose bicentennial the United States
will celebrate in 2004. Like explorers before and
after them, they and their Corps of Discovery were
charged not only with exploring and mapping the
land they crossed, but also with documenting the
plants, animals, minerals and indigenous peoples
they encountered (Ambrose, 1996). They collected
numerous specimens and artifacts that they removed
from the region of origin and sent to institutions
and individuals in the “developed” world, in this
case the northeastern United States. Most of the
plant specimens, for example, are at the Academy of
Natural Sciences in Philadelphia (www.acnatsci.org/
museum/lewisclark/l&c_herbarium.html). There,
experts studied the specimens and described new
species, often over a span of many years. Unlike
most other 19th century explorers Lewis and Clark
kept extensive notes that still survive, so it is pos-
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or tag with information about the collector, collection loca-
tion and date and sometimes by additional information about
the habitat or characteristics of the organism. Although the
analogy is not perfect, scientists often liken scientific collec-
tions to libraries, although books can be reproduced whereas
each specimen is unique. Techniques for managing specimen
data and book cataloging information are similar; historically
specimen data often were maintained in paper catalogues,
whereas these data now are being placed in databases, often
with Web access (see other articles in this issue).

In recent years the nature of biodiversity specimens has
changed, particularly as a result of the application of molec-
ular biological techniques to biodiversity research. Standard
specimens now often are accompanied by specimens pre-
served in ways that protect the organism’s DNA, such as freez-
ing, special chemical treatment or rapid desiccation. The DNA
itself may be isolated and preserved (usually frozen), and por-
tions may be sequenced and the data deposited in a central
database (e.g., GenBank, www.ncbi.nlm.nih.gov/Genbank/
index.html). Fungi, protozoans and bacteria frequently are
maintained as living cultures, and other living collections like
zoos and botanical gardens are sometimes managing their col-
lections as consisting of biodiversity specimens. Frequently
a single individual may be represented by several specimens,
e.g., a typical museum specimen, frozen tissue and several
sequenced DNA regions, necessitating record keeping that
retains the connection among the specimens and the associated
data, often all in different locations.

Even more significant are changes in the types of data
being gathered. In the past, the focus was principally on gath-
ering representative specimens, whereas now the focus often
is on the whole ecosystem. Inventories are receiving renewed
attention, but they are increasingly quantitative and are often
driven by societal needs, such as ecological classification for
land use decision-making (including rapid assessments for
conservation) and ecosystem health monitoring. Because tak-
ing specimens is costly in terms of time, material and storage
space and generally requires destructive sampling, there has
been an increase in the use of observational data only. Without
specimens that can be used to verify identifications, obvious
quality assurance issues arise. 

There has also been a resurgence in data gathering by
trained amateur “citizen scientists” as the demand for inven-
tories outstrips the number of professional scientists avail-
able (see, for example, the Illinois Department of Natural
Resources EcoWatch Program; dnr.state.il.us/orep/ecow-
atch/index.htm). A particularly ambitious example of enlist-
ing amateurs is eBird (www.ebird.org), which aims to utilize
the popularity of bird watching to compile an extensive bird
census database for North America. Quality assurance needs
that arise with such data can be addressed in various ways.
Developing methods for delivering identification tools to the
field, possibly augmented by real-time connections with pro-
fessional scientists in the laboratory, can improve quality

assurance. Integration of quality control tools directly into
the data gathering process offers still further improvement.
For example, eBird responds with specific identification
queries when rare, difficult-to-identify or out-of-range species
are entered into the database. Field data entry using handheld
computers linked through satellites to remote databases could
further increase data gathering efficiency for both amateurs
and professionals and could even be used to generate labels
for specimens as they are collected.

In addition to using observational data on organisms, bio-
diversity studies are increasingly integrating other forms of
data. Locations are now being determined using the Global
Positioning System (GPS), providing high precision and accu-
racy. This facilitates integration with remote sensing, map-
ping and other spatial data through Geographic Information
Systems (GIS). Increasingly, quantitative environmental data
are also being collected. The United States Longterm
Ecological Research (LTER) Network (lternet.edu), which
includes 24 sites in different ecosystems, has been collecting
such data for about 20 years. These efforts would expand
tremendously with the proposed U.S. National Science
Foundation National Ecological Observatory Network
(NEON). It is estimated that the NEON, when completed,
would generate more than 20 million observations daily
(www.sdsc.edu/NEON). The demand for efficient data gath-
ering and management will necessitate the participation of
information scientists in the planning and execution of the
NEON and similar efforts worldwide.

The history of biodiversity data gathering thus shows a
significant shift in practice. What was once the work of indi-
viduals or small groups working largely in isolation has grown
to involve multidisciplinary collaborative projects involving
large numbers of people and volumes of data. Field sites are
becoming increasingly connected to each other and to scien-
tific institutions worldwide through modern telecommunica-
tion links. 

Neuroscience
Such significant shifts in scientific practice are equally

visible in neuroscience. The application of networking and
computational techniques is leading to new forms of collab-
oration and amalgamation of data. A hundred years ago, data
were collected from medical patients and published in the
form of case studies. Other data were collected using cadav-
ers’ brains or through in vitro animal experiments in which
researchers would introduce brain lesions and record the
results. (Star, 1989. Regions of the Mind: Brain research and
the quest for scientific certainty. Stanford, CA: Stanford
University Press) Data content included notations on symp-
toms, treatment information and post-treatment functional-
ity, while data consisted of text and graphics.

Data gathered on the brain during the last several decades
has shown significant change, mainly because of changing
tools and techniques. Microscopes and electrophysiology sys-
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tems were improved and refined. The former allow
collection of greater amounts of anatomical data for
smaller and increasingly specific parts of the brain.
The latter allow electrophysiologists to record mul-
tiple trials of electronic “firings” of neuron cells in
response to some stimuli, rendering numeric time-
series data. Together with scientific developments,
these technological innovations have reinvigorated
neuroscience, and this is evident in the vast amount
of published research. In 1997, the Journal of
Neuroscience literally doubled its production rate,
expanding to two issues per month; in 2001, ISI
included 198 titles in its neurosciences journal
group; and in 2002-2003, at least two new journals
specific to neuroinformatics began publication. 

This indication of growth has not been limited
to publishing, but is apparent in frequent modifica-
tion of methods and the increase in the amount of
data resulting from the ability to observe and analyze
smaller and smaller parts of the nervous system.
Work in genetics moved the field toward molecu-
lar biology, and electrophysiology and scanning
techniques have improved several fold. Neuroscience
is a large and diverse field, and there is great vari-
ability in research incorporating anatomy, neuro-
physiology, molecular biology, chemistry and com-
putational modeling. Neuroscience data are gathered
in several forms, including numeric, textual, image,
graphic and time series. Behavioral and cognitive
constructs studied include attention, memory, learning, per-
ception, emotion and language. Research on brain function pro-
duces data collected across a number of dimensions, including

■ molecular to synaptic, and cellular to systemic; 
■ single organisms to populations; 
■ normal through various states of disease; 
■ birth through old age; and
■ across species.

It is understandable that neuroscience investigations often
produce large sets of data, but it is easy to overlook the fact that
only part of such results may ever be analyzed and reported in
a paper. Historically, this data has been collected and stored
locally, and there was no tradition of depositing data for future
or external use. There is little value in legacy data, which
results in years of neuroscience data being disregarded or even
lost over time. It should be noted that there is also undeposited
data in the biodiversity field; there are many collections
“orphaned” as scientists retire. The need for strategies to
archive and preserve data is an opportunity for LIS practi-
tioners to engage with scientists to find solutions. It will be
particularly important to develop guidelines about what data
is important to save, as there is no consensus about this
approach (Chicurel, 2000). Research results and new claims
continue to be published in traditional ways, and there is grow-
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ing concern about the loss of biological data going forward
(Valencia, 2002).

The emergence of neuroinformatics in the 1990s has cre-
ated new possibilities for discovery, but with this there has
also been a shift in the public focus, funding and expectations
of scientists, and there has been concomitant increase and
modification of data collection. The Human Brain Project
(HBP) (www.nimh.nih.gov/neuroinformatics/index.cfm) in
the United States was started in 1993, following the report of
the Institute of Medicine on the need for a coherent agenda
for brain research (Pachura and Martin, 1991). From the out-
set, one of the goals of HBP has been to combine informat-
ics research with neuroscience research. As noted above, biol-
ogists studying biodiversity are recognizing the benefits of
bringing different and disparate data together; this is begin-
ning in neuroscience. Today HBP supports research projects
to federate data queries, refine viewing of cell structures and
develop imaging databases that will support meta-analysis
and other future use. All of these projects work to bring raw
data and supporting materials (such as annotations) together.
Other studies have focused on developing systems that store
and link textual and image data or computational modeling
with neuronal data. (See for example, the fMRI Data Center at
Dartmouth, www.fmridc.org; the SenseLab at Yale, http://
senselab.med.yale.edu/senselab/) 
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Shared Problems
The idea of sharing or making public one’s data is central

to biodiversity informatics and neuroinformatics, and this con-
flicts with traditional scientific practices. Scientists have voiced
a variety of concerns about sharing data; two are widely rec-
ognized. Scientists and human subjects (patients or tissue
donors), corporations and political entities all need to be
assured of the reliability and security of data being deposited
in databases and repositories. Neuroinformatics projects that
serve as databanks or repositories implement a variety of pro-
cedures to improve data quality. The most common tactic is to
only accept data from studies that have gone through a peer-
review process of a submission to a journal. Another approach
is required submission of a set of augmentative information
about the experiment or data so that others can judge its value
with respect to later use. This information might include, for
example, settings on an imaging scanner and the paradigm
used for the experimental design. There is some debate among

biologists and other researchers about what parts of this mate-
rial constitute metadata. However, gleaning and managing the
significant information related to shared data is important and
necessary for both biodiversity and neuroscience. 

Although biodiversity studies and neuroscience differ sig-
nificantly in scope and focus, both will depend on informa-
tion science to provide needed expertise if they are to effec-
tively address scientific and societal needs. People doing many
different types of work utilize biological specimens. This vari-
ety is not so much the case in neuroscience. For obvious rea-
sons amateur “citizen scientists” are not involved in neuro-
science. Yet even though the heterogeneity of biodiversity
data is qualitatively different from neuroscience data, there
are many ways that these fields would similarly benefit from
the traditional knowledge of library and information science.
Information science researchers and practitioners can bring
expertise in data visualization and retrieval techniques, records
management, quality assurance and usability.
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