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ABSTRACT

Long-Term Ecological Research (LTER) Sites manage a diverse array of ecological information resulting
from research on ecological succession, disturbance, landscape ecology, elemental cycling, trophic
structure, biodiversity, organic matter and primary productivity. Since its inception in 1980, the LTER Network
has evolved from a primarily site-based research focus to a network and cross-site focus. Coincident with
this evolution has been the development of metadata standards. Site-specific metadata standards and
systems are being integrated through the development of metadata exchange standards and the revolution
in network information servers.
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1.0 INTRODUCTION

Eighteen research sites and a Network Office make up the U.S. Long-term Ecological Research (LTER)
Network. Focusing on fundemental ecological research, each LTER site is supported by an individual grant
from the National Science Foundation. The LTER sites are found in forest, desert, prairie, alpine, coastal and
marine environments. The research topics addressed at sites are similarly varied, with research on
ecological succession, disturbance, landscape ecology, elemental cycling, trophic structure, biodiversity,
organic matter and primary productivity ongoing at each site. The sites also differ in their degree of
centralization, with researchers from up to 15 universities at a single site (Hayden, 1996).

The types of data collected and used at LTER sites are highly variable. Satellite images, scanned aerial
photos, and output from spatially explicit models fall at the high-end of size, with an individual image
requiring over 300 MB of disk space. At the other end of the spectrum are types of data, such as deep soil
cores where a small number of samples are subjected to a large number of different tests. This may involve
metadata that are be orders of magnitude larger than the associated data files.

The diversity of the LTER sites, the scientific questions being addressed, the data being collected and the
administrative structures under which they operate pose a significant challenge for information management
efforts (Stafford et. al., 1994). The approach taken by the LTER Network since its inception in 1980 has been
for each site to operate its own information management system under a data management policy that
conforms to LTER Network guidelines, with the LTER Network Office taking the lead in linking those
individual systems. This allows each site to focus on the types of data most prevalent at that site by choosing
software and hardware compatible with the mission and the computational and administrative environments
of the site.

2.0 EVOLUTION OF LTER METADATA

At its inception in 1980, the sites receiving funding from the NSF LTER program focused on scientific
questions that were primarily site-specific. Site information and metadata management systems were
designed to meet the needs of scientists within a single sites. The focus was on providing the metadata
required to extract data stored in electronic forms, primarily ASCII files. Metadata could be relatively specific,
because scientists working at each site were generally knowlegible about the site conditions and objectives.
Nonetheless, the metadata had to be sufficient to assure that the data would be interpretable over the long
term. The goal was to produce metadata that would allow the data could be used 20-years subsequent to its
collection.

However, starting with the addition of sites in 1987, there has been an increasing focus on cross-site and
network activities, although site-based research remains at the core of the LTER program. This broadening
of the program placed a premium on broadening of the metadata as well. The users of the data could no
longer be assumed to be knowlegible about the basics of a site. Additionally, exchange of data between sites
became increasingly important. Starting in 1994, LTER sites received a mandate to place data online from
the LTER Coordinating Committee (the governing group of U.S. LTER). This broadened metadata needs yet
again.

Table 1: Milestones in the evolution of LTER Information Management Systems 
Year Milestone
1980 NSF funds first cohort of LTER sites

1986 "Research Data Management in the Ecological Sciences" book (Michener, 1986) based on research
experiences at LTER sites

1988 LTER Network Office established
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1990 LTER Guidelines for Data Access formulated (Porter and Callahan, 1994)
1990 LTER Core Dataset Catalog published
1992 Sites establish network-accessible information servers
1993 LTER All-Site Bibliography assembled (Chinn and Bledsoe, 1997)
1994 Mandate for LTERs to make data available online approved by LTER Coordinating Committee
1994 LTER Information Managers commit to developing Network Information System
1994 LTER Content Standards for Metadata Exchange formulated
1996 Metadata catalog prototype development

3.0 STANDARDS DEVELOPMENT

With the growth of the LTER Network (as compared to the initiation of individual LTER sites), development of
standards has become increasingly important. Despite their importance, the approach to standards has been
iterative and cautious, with a focus on emergent, rather than imposed, standards. Scientific research, by its
nature, requires a constant state of change. The identification of new questions and creation of new ways of
measuring nature are an inherent part of the scientific enterprise. Premature imposition of standards before
the state-of-the-art has sufficiently advanced can constrain a research community, just as lack of standards
can frustrate attempts at synthetic and integrative research. Formalization of emergent standards provides a
way of balancing those disparate needs.

Sites in the LTER Network act as experimental units, each evaluating a variety of methods at the site level.
We therefore took a comparative approach in defining guidelines for metadata exchange. Sites were asked
to send copies of site metadata standards to a committee of site information managers. Those managers
then integrated the lists, finding those elements that were common across sites. These constituted a viable
minimum metadata content standard. In addition, there were some elements that were not widely used, but
that had clear utility. They were included as optional elements in a draft metadata content standard (Kirchner
et al., 1994).

The draft standard was further developed by adding elements that were needed for cross-site cataloging
efforts, but were not necessary for site-specific metadata (e.g., within a site, it is not necessary to include the
name of the site). The resulting draft standard was then compared with other evolving standards, notably the
Federal Geographic Data Committee Standards for Geospatial Metadata, the Global Change Master
Directory's Directory Interchange Format (DIF) (NASA, 1983) and the Biological Resources Division of the
US Geological Survey (then the National Biological Service). The LTER draft content standard has been
subsequently used as a component in other metadata development efforts (Michener et al., 1997).

Table 2: LTER Metadata Content Standards. Uppercase terms are equivalent to FGDC and NBS (now
USGS/BRD) terms (adapted from Kirchner et al., 1994). 
  
  

Dataset information 

DATASET IDENTITY - name or title by which the dataset is known (type text, domain free text) 
Type of data [fixed field, delimited field, binary, image, etc.) 
ORIGINATOR - name of the organization(s) or individual(s) that developed the dataset. If the names of
editors or compilers are provided, they must be followed by (ed.) or (comp.) 

Originator address 
Originator voice telephone 
Originator facsimile telephone 
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Originator electronic mail address 
TIME PERIOD OF CONTENT (start and stop dates) 
Dissemination restrictions 
AVAILABLE TIME PERIOD or RELEASE DATE (NBS) 
DATASET DESCRIPTION - a description of the dataset including its intended use and limitations (type
text, domain free text) 
CONTACT INFORMATION 

CONTACT PERSON 
CONTACT MAIL ADDRESS 
CONTACT VOICE TELEPHONE 
CONTACT FACSIMILE TELEPHONE 
CONTACT ELECTRONIC MAIL ADDRESS 

KEYWORDS -words or phrases summarizing some aspect of the dataset (type compound) 
THEME KEYWORD (required) 
PLACE 
STRATUM 
TEMPORAL 

IDENTIFICATION CODE1 -unique item or stock code by which the item could be ordered or the full path
name to the file (type text, domain free text, N/A, UNKNOWN) 
DATASET CITATION or CITATION_INFORMATION1 (preferred) 
SPATIAL DOMAIN1 (bounding coordinates, or arbitrary polygon) 
Sample storage1 (Information on storage of samples) 
RELATED DOCUMENTS1- Reference citations and location information 
Attribute (variable) documentation 

ATTRIBUTE LABEL Type [integer, floating point, character/string] 
Format 

Start column 
End column 
Optional number of decimal places 

ATTRIBUTE DEFINITION 
ATTRIBUTE UNITS OF MEASUREMENT 
ATTRIBUTE DOMAIN VALUES - CODE SET DOMAIN 
ENUMERATED DOMAIN VALUE DEFINITION (list of coded values) 
RANGE DOMAIN 

RANGE_DOMAIN_MINIMUM 
RANGE_DOMAIN_MAXIMUM 

Missing value codes1 (should be required if such codes can appear in the data) 
Precision2 

Methods of collection 

Project Information 

Project description 
Project Title 
Date commenced 
Date terminated or Expected duration 
Objectives 
Abstract 
Source of funding 
Principal investigator 
Additional investigators 
Responsible investigators/technicians/supervisor 

Site description 
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Site type (terrestrial, aquatic stream, aquatic lake, etc.) 
Watersheds 
Permanent plots 
Habitat 
Soil 
Slope/aspect 
Terrain/physiography 
Geology/lithology 
Hydrology 
Size 
History 
Elevation 
Climate 

Dataset description 

Dataset title 
Number of records 
Data form used 
Location of completed data forms 
Literature 
Method of recording 
Associated computer accounts 
Comments 
LTER core area 
Dataset files (subsets) 
Citation 
Treatment of data (programs used in analysis, plus reference/link to their metadata) 
Date of last review 
Date of last entry 
Researcher review status 
Taxa/functional group 
Statistical analyses Supporting datasets 
Other supporting materials 
Maps 
Aerial photos 
Digital images 
GPS 
Use history 
Request histories 
Update histories 

4.0 CONCLUSIONS

The "bottom line" for information management within LTER is the diversity - both in terms of the types of
ecological information and the specificities and eccentricities of the individual sites. This diversity provides
opportunities for experimentation in information management, but also intrinsically imposes certain contraints
on our ability to manage and share information within and among the individual sites. Given the rapid
creation rate of new ecological databases and an increasing number of cooperative, intersite information
comparitive efforts, it is imperative that we find better ways to facilitate data production and data integration of
these diverse databases (Spycher et al., 1996). Consequently, recent LTER efforts have focused on the
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development of database catalogs and exchange standards that will serve as building blocks in the
development of the generic tools necessary for data integration. 
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