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Many ecological phenomena occur on time
scales of decades or centuries, and the need
for long-term ecological research was recent-
ly emphasized in Likens' presiiential address
to the Ecological Society (Likens 1983). In the
past it has been difficult to investigate these
phenomena with financial support from fund-
ing agencies (Marzoif 1983, Callahan 1984).
However, in 1980 the National Science Foun-
dation established the Long-Term Ecological -
Research Program (LTER). LTER-sponsored
studies are now underway at 11 sites repre-
senting different ecosystem types (Table 1).
The purpose of this article is to describe brief-
ly the general characteristics of each site in-
voived with stream ecology and to summa-
rize the nature and objectives of stream
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research at these sites. More complete site
descriptions were compiled in a bookiet pre-
pared by Halfpenny and Ingraham (1984).
Though streams comprise a small fraction
of the area of most watersheds, measure-
ments of stream-transported materials pro-
vide an integrative measure of watershed
ecosystem behavior (e.g., Bormann et al.
1966). Such measurements are useful in the
interpretion of terrestrial system behavior, but
in-stream processes significantly modify con-
centrations of materials in transport. Streams
have been characterized as having the ability
to recover rapidly following disturbance
{(Webster and Patten 1979). However, be-
cause of the strong linkages between streams
and . their watersheds (e.g., Hynes 1975),

Table 1. Currently funded LTER research sites.

XWAvso N

| 33

Site name Ecosystem type Coordinating principal investigator
H. J. Andrews Experimental coniferous for- Jerry Frankiin, Forest Science Laboratory, 3200 Jef-
Forest ' est ferson Way, Corvallis, OR 97331
Cedar Creek Naturat History oak savannah G. David Tman, Department of Ecology and Be-
Area havioral Biology, University of Minnesota, 318
Church Street SE, Minneapolis, MN 55456
Central Plains Experimental shortgrass Wisiam K. Lauenroth, Department of Range Science
Range steppe and Natural Resource Ecology Laboratory, Colo-
rado State University, Fort Collins, CO 80523
Coweeta Hydrologic Labora- deciduous forest D. A. Crossley, Jr., Institute of Ecology, University
tory of Georgia, Athens, GA 30602
liiinois Missis: rivers large rivers Richard E. Sparks, Hinois Natural History Survey,
e et River Research Laboratory, Box 599, Havana, iL
62644
Jomada desert Waiter G. Whitford, Department of Biology, New
Mexico State University, Las Cruces, NM 88003
Konza Prairie Research Natu- taligrass prakie Q. Richard Marzolf, Division of Biology, Kansas
ral Area State University, Manhattan, KS 66508
iwot Ridge/Green Lakes alpine tundra Patrick J. Wabber, Institute of Arctic and Alpine Re-
N el search, Campus Box 450, University of Colorado,
Boulder, CO 80309
North Intet salt marsh/estu- F. John Vemberg, Baruch institute, University of
ary South Carolina, Columbia, SC 29208
Northern Lakes lakes John J. Magnuson, Center for Limnology, North

Okefenokee National Wildiife swamp
Refuge

Park Street, University of Wisconsin, Madison,
Wi 53708

Bernard C. Patten, Institute of Ecology, University
of Georgia, Athens, GA 30602

stream response to watershed disturbance is
limited by the rate of terrestrial secondary
succession (e.9., Gurtz et al. 1980). In addi-
tion to this long-term response to watershed
disturbances, infrequent catastrophic storms
(Cummins et al. 1983) and even normal year-
to-year variation in precipitation (e.g., Triska
et al. 1982) can have major effects on stream
organic matter processes and budgets. Thus,
measurements of stream characteristics and
dynamics are useful in interpreting terrestrial
systern behavior and in determining long-term
phenomena unigue to streams. Consequent-
ly, stream studies constitute an important part
of the LTER research programs at many of
the sites.

The institutions involved in LTER-spon-
sored research are committed to encourag-
ing collaborative research with scientists at
other institutions, and the LTER sites are
considered national research facilities. Re-
searchers interested in using these facilities

should contact the coordinating principal in-
vestigators (Table 1) and consider submitting
proposals for research support to the Nation-
al Science Foundation or other funding agen-
cies. The background of other ecological
studies and existing data bases at LTER sites
should tacilitate new research efforts.

H. J. Andrews Experimental
Ecological Reserve

The H. J. Andrews Experimental Ecologi-
cal Reserve is located 25 km east of Eugene,
Oregon, in the coniferous forest biome of the
Pacific Northwest. This 6050-ha watershed
in the McKenzie River basin on the west slope
of the Cascade Range has been a U.S.D.A.
Forest Service research area since 1948.
LTER stream research at this site concerns
the role of woody debris in streams and ef-
fects of forest management practices on
streams. Research is focused on two
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Fi3. 1. {A) A log debris dam in Mack Creek at H. J. Andrews Experimental
Forest, and (B) logging debris on the forest ficor and in the small stream

draining Watershed 10,

streams, Mack Creek and Hagen Creek.
Aquatic investigators at the Andrews LTER
site include Stan Gregory, Norm Anderson,
Fred Swanson, Art McKee, George Lien-
kaemper, and Jim Sedell. The LTER stream
studies are tightly integrated with additional
programs of terrestrial and aquatic research
at Oregon State University.

Third-order Mack Creek (Fig. 1) drains a
600-ha forest of old-growth (>400 yr) Doug-
las-fir and western hemlock. Downstream of
the old-growth portion of the watershed is a
20-yr-old clearcut. LTER research at Mack
Creek has characterized the physical, chem-
ical, and biological features of both the old-
growth and the regrowth regions. Permanent
channel cross sections have been estab-
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lished and all logs in a 900-m reach have been
tagged and are inventoried annually. Detrital,
aigal, invertebrate, and fish components are
being monitored in both sections of Mack
Creek.

The Hagen Creek site includes the 450-ha
drainage of the North Fork and the adjacent
590-ha South Fork drainage. The lower re-
gion of the South Fork drainage will be logged
in summer 1985 to create sections with all
riparian vegetation and wood debris re-
moved, only wood debris removed, and only
riparian vegetation removed. These regions
will be compared to the unharvested up-
stream reaches and to the adjacent control
watershed of the North Fork. Permanent
channel cross sections have been estab-

Fa. 2. (A) Big Hurricane Branch in 1977, shortly after the watershed was logged, and (B) the same
site in 1983, 6 yr after logging. Big Hurricane Branch drains Watershaed 7 at Coweeta Hydrologic

Laboratory.

lished and 800 m of channel have been

mapped. Detrital, algal, invertebrate, and fish -

components of both forks are being com-
pared and are quite similar. LTER studies will
evaluate both physical and biological re-
sponses to alteration of riparian vegetation
and large wood debris.

Future aquatic LTER studies at the An-
drews Reserve include a long-term terrestri-
al-aquatic investigation of log decomposition
and a year-ong time-lapse movie of a stream.

Coweeta Hydrologic Laboratory

Coweeta Hydrologic Laboratory was es-
tablished as a site for U.S.D.A. Forest Ser-
vice research in 1834 and is one of the oldest
continuously operating projects of its type in
the world. Located 17 km south of Frankein,
North Carolina, in the deciduous forest of the
southern Appalachian Mountains, Coweeta
has been the site of multi-institutional ecolog-
ical research since 1968. The major focus of
ecological research has been on the effects
of forest management practices on wa-

tershed nutrient cycles. The objectives of
LTER-sponsored studies concern long-term
forest dynamics, the nature of forest ecosys-
tem response to anthropogenic infiuences,
and the accumulation of potentially toxic sub-
stances.

The §0-yr history of watershed hydroiogi-
cal and meteorological data, the wide variety
of manipulated ecosystems, the framework
of terrestrial ecological studies, and the ac-
cessibility of numerous different-order
streams make this an ideal site for research
on stream ecology. Investigators involved in
LTER-sponsored stream research include
Judy Meyer, Bruce Wallace, and Jack Web-
ster. The focus of their research is the effect
of watershed disturbances on streams (Fig.
2), specifically on stream particulate organic
matter dynamics, dissolved organic carbon,
and invertebrates.

Streams at Coweeta range from first- to
fourth-order, 675 m to 1350 m elevation, and
from relatively undisturbed (selective logging
prior to 1925) to recently disturbed (clearcut
fogging in 1976-1977). Stream studies other
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Fia. 3. The confluence of the linois and Missis-
sippi Rivers, =22 km north of St. Louis. Side chan-
nels, islands, and backwaters are typical of both
rivers.

than those sponsored by LTER include in-
stream nutrient dynamics, the role of inver-
tebrates in streams, invertebrate-microbial
interactions, detritus feeding studies, micro-
fauna studies, fish community interactions,
salamander studies, effects of low pH on
crayfish and insects, and seston dynamics.

Iliinois River and Upper
Mississippi River

The litinois Natural History Survey began
ecological research on the itlinois River and
its backwaters and floodplain in 1876, and
the lilinois Water Survey began collecting
chemical data in 1898. In addition to these
two groups, other institutions participating in
the LTER are the State Geological Survey,
the State Museum, and Western Ifinois Uni-
versity. Large, undisturbed rivers no longer
exist in the United States, and the major re-
search objective at the liinois River and Up-
per Mississippi River LTER site is to docu-
ment large rivers as they are now (Fig. 3).

Research objectives at this site are: (1) to
expiain the basis of productivity, and controls
on productivity, in large fioodplain rivers, (2)
to determine temporal and spatial patterns of
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nutrient inputs, losses, and utitization, (3) to
examine effects of natural and man-made
perturbations, including droughts, floods,
navigation dams, barges, and contaminants,
on key species and processes, and (4) to de-
fine relationships between community struc-
ture and the hydrologic regime and geomor-
phic structure. Specific research approaches
include reconstruction of historical and pre-
historical disturbances using cores from sed-
iments and old trees, sampiling and modeling
of populations of key producers and con-
sumers, sampling and modeling of water,
sediment, and carbon flows in habitat com-
partments, and analyses of successional pat-
terns in both natural floodplain lakes and
navigation pools.

Three sites have been selected for long-
term study. Keokuk Pool is the oldest im-
poundment on the Mississippl (dammed in
1913) and has extensive beds of aquatic
vegetation and dense populations of burrow-
ing mayflies and fingernail clams. It attracts
one of the largest iMand concentrations of
diving ducks in North America and supports
a commercial fishery. Although the Keokuk
Rapids were fiooded by the dam, torrent-lov-
ing species, such as net-spinning caddisflies,
occur in dense numbers on the dam itself and
the rock and rubble below the dam. In con-
trast, the second study reach wili include the
newest impounded reach on the Mississippi
when dam number 26 is completed in 1987,
just upstream from St. Louis. The third site
is the middie reach of the linols, including a
natural mainstem lake at Peoria.

Investigators at the Large Rivers LTER site
are J. Roger Adams, Richard V. Anderson,
Nani G. Bhowmik, Richard A. Cahill, Misga-
naw Demissie, Robert W. Gorden, David
Gross, James King, Kenneth S. Lubinski, Paul
G. Risser, Richard E. Sparks, Wayne Wend-
land, and Michael J. Wiley.

Konza Prairie Research Natural Area

Taligrass prairie once covered neardy 7% .

of the conterminous United States, but un-
disturbed prairie ecosystems are now rare
because of extensive conversion to grain crop
agriculture. The Konza Prairie Research Nat-
wal Area (=3500 ha), located in the Flint Hills,
10 km south of Manhattan, Kansas, was pur-
chased by The Nature Conservancy in the
1970's. Prior to acquisition, this area had

Fic. 4. (A) A headwater stream in the taligrass prairie uplands at the
Konza Prairie Research Natural Area, and (B) an overview of the South
Branch drainage of Kings Creek showing the taligrass prairie uplands and
the gallery forest along the downstream reaches of the straam.

been used for grazing for ~125 yr. When ac-
quired it was in good to excelient condition
and dominated by native prairie plants.
Streams at the Konza Prairie site contrast
with running-water systems at other LTER
sites. Headwater channeis in the bluestem
prairie uplands are dominated by grasses in

. both_channel and streamside vegetation;

there is little or no tree canopy (Fig. 4). Mid-
reach riparian vegetation includes shrubs
(smooth sumac and buckbrush) and small
trees (eim and locust) as well as grasses and
sedges. There is a relatively abrupt transition
to a gallery forest (Fig. 4) of oaks (chinquapin
and bur), hackberry, and eim along lower
stream regions. The hydrologic regime is

characterized by high temporal and spatial
variabllity. Headwater channels are ephem-
eral and most other channels have only inter-
mittent flow, but a few perennial pools and
flowing regions occur in the drainage. Spatial
variability resuits from geologic infiuences on
groundwater movements and channe! per-
meability. The seasonal hydrologic pattern in-
cludes a flow period, which varies consider-
ably in duration from year to year, as well as
major storms which vary in frequency, mag-
nitude, and timing. Most of the precipitation
occurs in late spring and early summer thun-
derstorms. High evapotranspiration in the
summer often leads to a dry (no flow) period
in the late summer and autumn. Recharge
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occurs during autumn, winter, and spring
precipitation when evapotranspiration is low.
The timing and intensity of storms influence
organic matter storage in stream channels
and the metabolic characteristics of prairie
streams. The variable duration of fiow pe-
riods also influences life history strategies of
the biota. i

LTER stream research at Konza Prairie is
focused primarily on questions relating to hy-
drology and nutrient export from managed
catchments where fire occurs annually, at 4-yr
intervals, or where fire is excluded. Some of
these catchments are to be grazed by native
ungulates (bison, elk, and antelope) and oth-
ers will be left ungrazed. LTER stream re-
search is directed by Dick Marzolf. Non-LTER
stream research at Konza Prairie has includ-
ed analysis of instream primary production
patterns, microbial utilization of dissolved or-
ganic matter and nutrients, instream nitrogen
dynamics, organic matter import, storage, and
transport, and the role of hydrologic distur-
bances (flooding and drought) in ecosystem
phenomena.

Niwot Ridge and Green Lakes Valley

The Niwot Ridge/Green Lakes Valley LTER
site is located 45 km northwest of Boulder,
Colorado. The site is surrounded by protect-
ed lands including the Indian Peaks Wilder-
ness Area, City of Boulder Watershed, and
Roosevelt National Forest. Within the area are
a variety of landforms including glaciers, gla-
cial lakes, pattemed ground, talus slopes, and
mountain streams. The main vegetation types
are alpine tundra and subalpine forest.
LTER-sponsored research is integrated with
a perspective of the past provided by pa-
lecenvironmental studies. LTER researchers
hypothesize that current communities are not
in equilibrium with the climate but lag behind.
They propose that moderate disturbance will
hasten community development. Historical
and baseline data are being collected to de-
termine the time frame for changes in the al-
pine reglon. ,

For the past 212 yr there has been monthly
sampling of dissoived inorganic and organic
stream water chemistry. The hydrologic pat-
tern consists of spring (May—June) snow meit
with a peak in the hydrograph. The majority
of dissolved material transport occurs during
this time. Although concentrations of dis-
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solved Inorganic constituents decrease dur-
ing this peak in the hydrograph, dissolved or-
ganic carbon increases 3 to 5 fold, indicating
that there is a flush of organic carbon from
soil and interstitial waters during snow meit.

Soil interstitial water contains nearly equal
amounts of dissolved inorganic and organic
compounds. Dissolved organic carbon con-
centrations are 30 to 60 mg/L, which is 10-
50 times greater than the stream water con-
centration. This suggests that soil waters
contribute little to the dissolved constituents
of the stream. Studies are continuing on the
organic chemistry of soil and stream waters
in order to characterize the nature and role
of organic carbon in the stream. The overall
plan is an organic carbon budget for the soils,
plants, and water of Green Lakes Valiey.
Stream research at the Niwot Ridge/Green
Lakes Valley site is being directed by Nel
Caine, Mike Thurman, Dale Toetz, and Jay
Windeil.

North Inlet Marsh and Estuary

The North Inlet LTER site, known as Hob-
caw Barony, is a 7085-ha tract of forest and
coastline located 1.6 km north of George-
town, South Carolina. The primary research
area is a 2630-ha high-salinity marsh, one of
the most pristine coastal areas on the east
coast. Most of the LTER-sponsored re-
search concerns the biological, chemical, and
physical components of the marsh-estuary
ecosystem.

Streams at the North Inlet site drain for-
ested, low-topography, sandy soils. The flow
period varies considerably from year to year,
but generally streamflow only occurs from
January to June. The frequency, timing, and
magnitude of major storms also vary greatly.
Hydrologic studies at North Inlet began in
1975 with measurement of groundwater
levels. In 1978 five streams were gauged, and
two of the streams have been monitored
continuously since that time. Precipitation and
weather information have been collected since
1971. Water chemistry studies were initiated
in 1982. Since 1983 stream studies have ex-
panded to include detritus processing, eval-
uation of macroinvertebrate communities, and
the role of terrestrial nutrient cycling in regu-
lating nutrients transported into the streams.
Stream studies at the North inlet site are
being directed by Liz Blood and Len Smock.

Other Sites

At two of the LTER sites, Jornada and
Central Plains Experimental Range, surface
water is ephemeral, and there are no plans
for stream research. At the Okefenckee
Swamp site there has been research on hy-
drologic and nutrient budgets of the swamp
watershed, but there is no current stream re-
search. However, the preliminary baseline re-
search opens numerous opportunities for
productive research on swamp streams.
Though there are numerous streams on the
Cedar Creek Natural History Area site, there
is currently no stream research, but there is
interest in initiating collaborative stream
studies. Aside from sporadic monitoring of
several streams, little stream research has
been done in the Northern Lakes area, but
visiting scientists or collaborative stream re-
search would be welcome. The seasonal sta-
bility of flow and the fact that streams at the
Northern Lakes site are short segments be-
tween lakes makes for interesting compari-
sons with other LTER streams.

Literature Cited

Bormann, F. H., G. E. Likens, D. W. Fisher,
and R. S. Pierce. 1968. Nutrient loss
accelerated by clear-cutting of a forest
ecosystem. Science 159:882-884.

Callahan, J. T. 1984. Long-term ecological
research. BioScience 34:363-367.

Cummins, K. W., J. R. Sedel|, F. J. Swanson,
G. W. Minshall, C. E. Cushing, S. G.
Figsher, R. L. Vannote, and R. C. Peter-
sen. 1983. Organic matter budgets for
stream ecosystems: problems in their
evaluation. Pages 299-353 in J. R.
Bames and G. W. Minshall, editors.
Stream ecology. Plenum, New York, New
York, USA.

Gurtz, M. E,, J. R. Webster, and J. B. Wal-
lace. 1980. Seston dynamics in south-
ern Appalachian streams: effects of
clear-cutting. Canadian Journal of Fish-
eries and Aquatic Sciences 37:624-631.

Halfpenny, J. C., and K. P. ingraham. 1984.
Long-term ecological research in the
United States: a network of research
sites. Forestry Sciences Laboratory,
3200 Jefferson Way, Corvallis, Oregon,
USA.

Hynes, H. B. N. 1975. The stream ..
valiey. Internationale Vereinigung tu:
theoretische und angewandte Limnolo-
gie, Verhandiungen 19:1-15.

Likens, G. E. 1983. A priority for ecological
research. Bulletin of the Ecological So-
ciety of America 64:234-243.

Marzolf, G. R. 1983. LTER aquatic re-
search. Aquatic Ecology Newsletter 16:
5-6.

Triska, F. J., J. R. Sedell, and S. V. Gregory.
1982. Coniferous forest streams. Pages
292-332 in R. L. Edmonds, editor. Anal-
ysis of conifarous forest ecosystems in
the western United States. Hutchinson
Ross, Stroudsburg, Pennsylvania, USA.

Webster, J. R., and B. C. Patten. 1979. Ef-
fects of watershed perturbation on
stream potassium and caicium dynam-
ics. Ecological Monographs 49:51-72.

J. R. Webster

Department of Biology

Virginia Poiytechnic Institute and
State University

Blacksburg, Virginia 24061

E. R. Blood

Marine Field Laboratory

P.O. Box 1630

Georgetown, South Carolina
29208

S. V. Gregory

Department of Fisheries and
Wildlife

Oregon State University

Corvallis, Oregon 97331

M. E. Gurtz

Division of Biology
Kansas State University
Manhattan, Kansas 66506

R. E. Sparks

liinois Natural History Survey
River Research Laboratory
Box 599

Havana, lllinois 62644

E. M. Thurman

U.S. Geological Survey
5293 Ward Road
Arvada, Colorado 80002

353




	Page 1
	Page 2
	Page 3
	Page 4

