
























Figure 18. Work on the Luquillo Experimental Forest LTER in 
Puerto Rico (above) includes research related to the recovery 
of this endangered parrot. Photo: Robert Waide. 

There are many non-LTER sites, such as Sequoia-Kings Can
yon National Park in California (right), that have major 
projects focused on long-term ecological phenomena. 

Figure 19. The program at Kellogg Biological Station LTER in Michigan is focused on agricultural ecosystems, in particular on 
ecological constraints on crop productivity. Photo: Philip Robertson. 
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Comparative and collaborative 
research opportunities 

Comparative research is an important 
scientific frontier because of its poten
tial contribution to the development 
of robust ecological theory-broadly 
applicable ecological principles. 
Much ecological theory has fallen vic
tim to myopia. In many cases, inves
tigators have constructed theory on a 
too-limited base of organisms, com
munities, or ecosystems and have pro
posed universal applicability. In fact, 
it is increasingly clear that ecological 
processes vary dramatically in impor
tance along environmental, as well as 
spatial and temporal, gradients. This 
variation makes comparative studies 
critical to the development of a pre
dictive science. 

The L TER network offers out
standing opportunities for compara
tive studies, both within the network 
and as part of a larger network com
posed of both LTER and non-LTER 
projects. The LTER program pro
vides high potential for coordinated 
and cooperative comparative research 
across diverse ecosystems. This coor
dination may take many forms, in
cluding the installation of standard 
experimental designs across many 
sites. A 17 -site experiment, for exam
ple, is under way that will use en
closed bags of plant litter (roots and 
foliage) to evaluate litter decomposi
tion over periods of up to 20 years, a 
much longer time period than litter 
decomposition is typically observed. 
Such standardized studies, including 
reciprocal exchanges of plant and an
imal materials, are expected to make 
major contributions to understanding 
and predicting how pathways and 
rates of ecological processes vary over 
large environmental gradients. 

Multisite syntheses of existing in
formation are essential to early prog
ress in many areas of comparative 
ecological analysis. Several such ef
forts are already progressing under 
LTER sponsorship. Cross-site analy
ses of the role of geomorphology in 
ecological processes have already 
been completed (Caine and Swanson 
1989, Swanson et al. 1988, Swanson 
and Sparks page 502 this issue). 

Magnuson (Magnuson et al. in 
press) led a group in an investigation 
of spatial and temporal variability 
across the broad range of ecosystem 
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types represented in the L TER pro
gram. They found that there were 
consistent differences in the variabil
ity of ecosystem type. For example, 
animal and plant characteristics were 
more variable among years than were 
climatic and edaphic variables. David 
Tilman of the Cedar Creek LTER, 
University of Minnesota, is leading a 
multisite investigation of factors that 
control primary productivity. 

Individual LTER sites are contrib
uting significantly to research on 
emerging environmental issues. Many 
sites have been critical in identifying 
and understanding environmental 
pollutant issues; examples include re
search on acid precipitation at HBR 
(Likens 1985a, 1989) and on nitrogen 
saturation from fossil fuel combus
tion at HFR (Aber et al. 1989). 

Issues in conservation of biological 
diversity are part of the agenda at 
most LTER sites; for example, re
search at LUQ on the Puerto Rican 
parrot (Figure 18) and at AND on the 
northern spotted owl address threat
ened and endangered species. In an 
agricultural ecosystem (Figure 19), 
KBS is examining microbial gene 
transfer and the role of genetically 
altered organisms in the plant/soil 
community. 

Collaborative efforts among holis
tic, large-scale programs are particu
larly critical, however, in addressing 
major environmental issues. The 
L TER network can be central in stim
ulating such comparative analyses be
cause it is an existing system of linked 
sites. For example, at a November 
1989 workshop, 25 LTER and non
LTER sites (including sites funded by 
the Department of Energy [DOE], the 
National Park Service, and the Smith
sonian Institution) considered re
search needs associated with global 
climatic change and its effects. Posi
tion papers identified the unique po
tential and perspectives of each site. 
For example, because SEV is located 
at a transition among several biotic 
provinces (see cover), it may be par
ticularly sensitive to global climatic 
change. Population processes, mate
rial cycles (including trace gases), and 
effects of altered disturbance regimes 
or sea-level rise are foci at other sites. 

The 1989 workshop participants 
identified a multisite research pro
gram addressing global climatic 
change and building on the individual 

strengths and collective interests of 
each site. Critical elements included 
major experiments on effects of soil 
warming, especially on soil organic 
matter and trace gas emission, and 
effects of carbon dioxide enrichment 
on productivity and water use effi
ciency of representative ecosystems. 
Research on interactions between 
global environmental change and 
land-use patterns and disturbance re
gimes, especially frequency, intensity, 
and locality of catastrophic distur
bances, was identified as another ma
jor component. 

L TER in the long-term 
research community 

Many scientists, sites, and programs 
are involved in long-term studies in 
ecology, and the involvement of a 
great many more is essential, given 
the pervasive need for research with 
extended time scales. The LTER pro
gram is far too limited to fill most of 
the needs for long-term ecological re
search. The LTER system of sites 
lacks coverage of some major biomes, 
such as Mediterranean chaparral and 
montane coniferous forests. Further
more, the LTER sites represent a lim
ited amount of the variability within 
biomes. 

The need for collaborations among 
the numerous scientists and high
quality programs that are involved in 
long-term ecological studies is an 
even stronger argument for the devel
opment of a network larger than 
LTER. Important long-term data sets 
for individual organisms, communi
ties, and environments have been col
lected by many scientists and institu
tions (Strayer et al. 1986). Many 
outstanding ecological research proj
ects with larger temporal and spatial 
scales exist outside the LTER network 
(Likens 1985b) and are supported by a 
variety of agencies. 

Programs at national laboratories, 
such as Oak Ridge, are supported 
primarily by DOE. Several national 
parks, such as Sequoia-Kings Can
yon, California (see photo, page 520), 
are effective long-term study sites; 
Channel Islands National Park has 
developed an outstanding program in 
long-term monitoring of near-shore 
marine environments (Davis and Hal
vorsen 1988). The US Department of 
Agriculture (both the Forest Service 
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and the Agricultural Research Ser
vice) has numerous long-term study 
sites in its widespread system of ex
perimental forests and ranges. 

Other programs sponsored by NSF 
(at Kemmerer, Utah), as well as some 
sponsored by the Smithsonian Institu
tion (at Chesapeake Bay, Maryland, 
and Barro Colorado Island, Canal 
Zone) and the Organization for Trop
ical Studies (La Selva, Costa Rica), 
also have a long-term focus. The 
LTER program is a major participant 
in planning direct communication 
links, common measurement pro
grams, and joint studies with this 
larger collection of sites, including the 
in-house site networks created by (or 
being planned by) DOE, the USDA 
Forest Service, and the National Park 
Service. 

LTER scientists are committed to 
collaborating with other scientists 
and programs in the development of 
an enlarged network of researchers 
involved in long-term studies. Al
though LTER represents a small set of 
sites, it can provide leadership by its 
exclusive focus on long-term studies. 
For example, approaches and stan
dards developed in climate measure
ment (Greenland and Swift in press) 
and data management programs 
(Michener 1986) may be broadly use
ful. 

As illustrated by the global change 
workshop, the L TER network has 
consistently involved scientists out
side the L TER network in meetings to 
address topical issues or plan multi
site comparative research. LTER pro
grams can also help catalyze the cre
ation of regional site networks, which 
are necessary to provide adequate 
representation of within-biome vari
ability. For example, CPR and SEV 
are core elements in a network of 
grassland sites and programs that ex
tends from Canada to Mexico. Inte
gration of CWT LTER, Oak Ridge 
National Laboratory, and Great 
Smoky Mountains National Park 
through the recently established 
Southern Appalachian Man and the 
Biosphere (MAB) Program is another 
example of the potential for regional 
scientific cooperation. 

Even broader collaborations in 
long-term ecological research are 
needed, however. The newly estab
lished Section on Long Term Studies 
in the Ecological Society of America 
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will provide a forum for information 
exchange and development of collab
orative efforts throughout the entire 
ecological community. LTER has es
tablished computer-based local-area 
networks that use existing wide-area 
electronic networks for information 
exchange. Many other ecologists also 
use NSF's Internet for electronic com
munication. 

Networking at the international 
level is also possible. Exchanges of 
information are taking place as a part 
of bilateral programs, such as the 
exchange between L TER sites in the 
United States and the People's Repub
lic of China. Multinational efforts are 
also under way, such as the 1988 
meeting at Berchtesgaden, West Ger
many (Risser and Melillo in press) 
and the 1989 teleconference at Albu
querque, New Mexico, which in
cluded LTER and European ecolo
gists involved in long-term studies. 

Development of both regional and 
international collaborations under 
UNESCO's MAB Program is also 
possible. Ten of the 17 LTERs are 
already designated biosphere re
serves. The MAB connection could be 
used in developing institutional links 
for monitoring, research, and educa
tion within particular biogeographi
cal regions. At a recent meeting in 
Paris, a small MAB task force began 
planning for such an international 
program. 

Conclusions 

The program of long-term studies 
sponsored by NSF is now well
established, with a system of 17 sites 
representing a large variety of ecosys
tem types. Although each program 
incorporates long temporal and 
broad spatial perspectives, the LTER 
projects have varied scientific objec
tives and approaches. 

Significant contributions to ecolog
ical science from L TER include: the 
production of specific scientific find
ings and theoretical constructs; the 
provision of sites with existing infor
mation bases and infrastructures for 
use by other ecological scientists; and 
the creation of opportunities for com
parative research. Substantial efforts 
are being made for networking within 
the L TER program and between 
LTER scientists and others involved 
in long-term ecological studies. Such 

networking is critical in exchanging 
information, adopting standardized 
measurement and data management 
programs, designing and conducting 
comparative studies, and conducting 
high-level syntheses, including the 
construction and testing of theory. 
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