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ABSTRACT

This paper presents the concepts and goals of the Long-Term Feological Research
(LLTER) at the Nllinois River sites. The “Illineis Rivers” or “large rivers” sites are
deseribed with regard to their size, diversity, and dyvnamic ecosvsterns, The large river
LTER project includes four research components: 1) suceession and perturbation,
2) water and sediment {luxes. 3} biotic system structure, and 4} ccosystemn funetion.
The rescarch focus of the first several vears is given for each component, Signifi-
cant carly findings are also described. These results are being used o develop an
intcgraled model including a hydrologic-hydraulic component and a biological com-
munity component. The high productivity of these lurge rivers is described in terms
of plankton, macrophvtes, and benthie organisms.
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Figure 1 shows the locations of the cleven LTER sites, The following list gives
the names of the research sites, the general physical features of the sites, and the
princpal research organizations involved in the research projects.

H.]. Andrews {Conifcrous forest), Oregon Stale University and U.S. Forest
Service.

Cedar Creck Natural History Area (Oak savanna), University of Minnesota.

Central Plains Experimental Range (Grassland), Colorado State University.

Coweeta Hydrological Laboratory {Deciduous [orest), University of Georgia
and U.S. Forest Service.

Illinois Rivers (Temperate rivers), Illinois State Natural ITistory. Water, and
Geological Surveys; State Museum:; and Western Illinois University,

Jornada (Desert), New Mexico State University.

Konza Prairie Research Natural Arca (Tallgrass prairie), Kansas State University,

Niwot Ridge (Alpine tundra), University of Colorado.

Nerth Inlet {Coastal marine), University of South Carolina.

Northern Lakes {Northern temperate lakes). University of Wisconsin,

Okefenokee National Wildlife Refuge (Freshwater wetland), University of Georgia
and U.S. Fish and Wildlife Service.

Ilinois Rivers LTER Site

The Illinois Rivers LTER site draws contributions and participation from scientists
and engineers from five separatc institutions. The major research topies are: succes-
sion and perturbation; water, sediment and nutrient budgets in habitat compartments,
including mathematical modeling; relationship between community structure and
geomorphic structure and hydrologic regime; and sources, sinks, distribution, and
processing of organic matter. The main communities within this temperate fresh-
water environment are: freshwater marsh; northern floodplain forest; off-shore and
mud-bottem benthos; submergent, emergent, and floating aquatic plant beds;
phytoplankton and zooplankton; and the firm substrate community in swift current.

The lllinois Rivers LTER site encompasses three different locations on tweo major
rivers: Pool 19 and Pool 26 on the Mississippi River, and Peoria Lake on the linois
River (figure 2).

This research project was initiated in 1981, and data collection began in 1982,
The broad objectives of the long-term research are: 1) to explain the basis und con-
trols of productivity in large floodplain rivers, 2) to determine temporal and spatial
patterns of nutrient inputs, losses, and utilization, 3) to examine effects of natural
and man-made perturbations {(including droughts, floods, navigation dams, barge
tows, und contaminants) on key species and processes, and 4} to define relation-
ships between community structures and the hydrologie regime and geomorphic
structure, Specific research approaches include: 1) reconstruction of historical and
pre-historical disturbances using cores from scdiments and trees, 2) sampling and
modeling of populations of key producers and consumers, 3) sampling and model-
ing of water, scdiment. and carbon flows in habitat compartments, and 4) analyses
of successional patterns in both natiral floodplain lakes and navigation pools.

The project initially was subdivided into four components: 13 succession and
perturbation in the Illinois and Upper Mississippi Rivers, 2) hydrological environ-
ment, water, sediment and mathematical modeling, 3) ecosystem biotic structure,
and 4) ecosystem function,

The main thrust within Component 1 is to reconstruct the past. Component 2
focuses on the analysis of historical and collected data on the hydrologic environment.
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lower one-third of the pool. Sedimentation rates range from highs of 14 cm per vear
near the downstream dam to zero in the upper end of the pool.

Cesium-137 1s one of several isotopes thal can be used to provide dates of sedi-
ment, This isotope was produced by the almospheric testing of atomic weapons and
began to be deposited in 1934, Deposition ended in 1970 with the end of testing of
these weapons. Figure 3 illustrates this history, and ligure 4 shows the quantities meas-
ured in a sediment core from Millman Lake, a backwater luke on Pool 19. Signifi-
cant quantitics of Cesium-137 were measured in the uppermost 45 em of sediment
in this core, but none was detected in the lower portions of the core. Thus we con-
cluded that the upper 45 em of sediment was deposited after 1954, probably mostly
after 1963, and we can calculale an average sedimentation rate of about 2 em/vear.
Similar measurements made on ten other sites have reveuled sediment deposition
rates ranging from 0.6 to >3.5 cm/year.

COMPONENT 2. IIYDROLOGICAIL ENRIVONMENT, WATER,
SEDIMENT, AND MATHEMATICAL MODELING

The analyses of the water and sediment environment at the LTER project sites
include the following:

u. Measure of waler and sediment inflow and outflow.

b. Analyses of historical records to determine the past hvdrological environ-
ment and to predict future changes.

¢. Development, modification, and calibration of a water and sediment flow-
mathematical model to determine the distribution and pattern of erosion
and scour within the river environment and to predict future changes.

d. Determination of the inflow, outflow, and distribution of the carbon and
nutrient fluxes through the research sites.

During the last three years, the major research aclivitics within this component
were coneentrated on Pool 19 of the Mississippi River, Tnitially data on water and
sediment discharges from about 22 tributaries and two main river sites were collected
using standard methods (Buchanan and Somers, 1969; Guy and Norman, 1970).
Figure 5 shows the locations of these sites. The tributaries range in drainage arca
from 55 to 11,200 km®. Pool 19 has a local drainage area of 13,900 km?, which is
4.5% of the drainage area al Lock and Dam 19. The Skunk River drains 80% | Hen-
derson Creck drains 11.1% , and smaller tributaries drain the remaining 8. 9 % of
the local drainage area. The data on water and sediment inflow and outflow are
being utilized to develop a sediment and waler budget for Pool 19 (Bhowmik and
Adams, in press; Adams and Bhowmik, 1983).

Other data being collected from Pool 19 consist of the measurements of circula-
tion and retention patterns within the channcl border areas of the Montrose Flats
{Adams and Bhowmik, 1984). Vane and float assemblies are used to collect these data
where the flow velocities are extremely low, Presently electromagnetic current meters
are also being used to determine the two-dimensional veloeity distribution. These
data are being collected to determine the impact of local {low patterns on the depo-
sition and retention of secdiment, carbon, and other nutrients within this segment
of the river that may change the structure and function of biological communities.

At present mathermatical models determining the distribution of particulate mat-
ter transport and deposition within the pool environment are being calibraled and
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Neulumbo lutee on Pool 19, Mississippi River,” paper submitted for publication
in Aquatic Botany}.

Besides species specifie habitat associations, invertebrates also showed strong
density and diversity relationships. Duc to high densities (up to 100,000 Muscu-
liwmim® and 3000 Hexagenie/m?) and their dominance in channel border areas,
biomass is high while diversity is low. In macrophyvte beds, dominance and density
are low with a corresponding low biomuss but high diversity {including mollusks,
annelids, and a variety of insects). Phytoplankton are dominated by diatoms and
exhibit pronounced scasonality (figure 6d) (Kngman, 1984). Zooplankton are domi-
nated by rotilers but with higher densities of Cladocera and copepods in shallow
channel border areas (figure 6b) (Pillard,, 1983). Zooplankton also showed tem-
poral variation with maximum densities occurring in fall and longitudinal change
with highest density in lower pool reaches (D.A, Pillard and R.V. Anderson, “A
survey of the zooplankton of Pool 19, Mississippi River,” paper submitted for pub-
lication in Hydrobiologia).

Longitudinal distribution of other invertebrates within poals shifts from com-
munitics dominated by insects (Hvdropsychidae) in the upper pool reaches to a
mussel-annclid dominated community in the lower reaches (figure 6a). In general,
these trends arc true at each of the study sites although specific densities and cor-
munity compositions vary. For example, Pool 26 usually has lower densities of organ-
isms with a different genus of Hydropsychidae oceupying the niche of filtering
collectors found on hard substrate {Anderson and Day, in press).

A number of specialized communities have also heen described. These include
the commercially valuable unionid mussel beds found in the river. From 10 to 26
species of mussels have been collected at the various LTER sites, with the greatest
diversity in Pool 19. Densitics range from 2 to 40/m? depending on continuous or
random distribution. The invertebrate drift community supplics a comparatively
constant trophic resource in the water column (figure 6¢). There are numcrous para-
sitic associations, such as Plistophora on rotifers (D.A. Pillard and R.V. Anderson,
“A note on the parasitism of Rotifera by Plistophora in Poul 19, Mississippi River,”
paper submitted for publication in American Midland Naturalist), and inquilinis-
tic associations, such as the trichopicran, Oecetis, pupation on mussels {Anderson
and Vinikour, 1984) and the oligochaete, Chaetogaster, and asiatic clam, Corbic-
ule {(D.]. Holm and R.V. Anderson, “Chaetogaster limnaei infesting unionid mol-
lusks and Corbicula fluminea in Pool 19, Mississippi River,” paper submitted for
publication in American Midland Naturalist}. Meiofauna, nematodes, and rotifers
have been found abundanily in selected habitats particularly associated with organie
matter (R.V. Anderson, “Distribution of nematedes in Pool 19, Mississippi River,”
paper submitted for publication in Hydrobiologia).

Studies of fish/habitat associations on both rivers grew out of a previous long-
term electrofishing program on the Illinois River (Sparks and Starrett, 1974). This
program included stations at many points along the river but only in main- and
side-channel habitats. Its objective was to address biological changes associated with
water quality degradation from point sources. The present program still provides
this kind of information. For example, in recent years our results have complemented
observations of fishermen and fish managers on the upper Illinois River that improve-
ments in the fishery related to improved water quality. By including additional
habitats and sampling methods in the program, we now obtain more comprehen-
sive data on entire fish communities in the rivers. Furthermare, standard methods
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for obtaining accessory data on water veloeity, teraperature, dissolved oxygen, con-
ductivity, turbidity, depth, and presence of numerous cover and substrate charac-
teristics have been incorporated into the program to help explain spatial or temporal
changes in fish populations.

A subset of the data collected in 1983 was used to examine changes in fish activity
in main chunne! border habitats in the lower Illinois River during a short-term
drought and subsequent low discharges, Hoopnet results showed that dominant fishes
changed from riverine- to backwatcr-associated species when current velocities
dropped below 0.3 mi/sec. When velocities remained below this level. movement
ol centrarchids between main channel border and backwater habitats appeared to
be controlled by preference of fish for cool water. We concluded that during periods
of low flow, lower lllinois River main chaonnel borders provide suitable, if not pre-
terred. habital for species that are usually associated with backwaters. From a
broader perspeetive, the results illustrated that functional roles of {loodplain river
habitats can be flow dependent even near the low end of the flow spectrum.

In addition te their biological value, most of our results have applications to
floodplain [isheries managemenl. A comparison of Hlinois and Mississippi River fish
populations showed that carp were typically smaller and in poorer condition in the
linois River. Subsequent age analyses (Lubinski ct al., 1984) indicated that Tllinois
River carp had shorter life spans and grew more slowly after their third vear than
thosc in the Mississippi. Evidence compiled from previous studies suggested that
these population conditions were most probably related to poor food resources in
the Hlinocis River, and indicated that the carp commercial fishery would benefit
from any eflorts to restore benthic populations (i.e., fingernail clams and mayflies)
to their historical high levels.

Data arc being used to produce a model predictive of species interactions, trophic
relationships, and habitat assoeiations. Continued sampling at the established long-
term sites will be used 1o validate the model as well as to assess the effect of cata-
strophic events and long-term succession.

COMPONENT 4. ECOSYSTEM FUNCTION

The goal of this component is 1o answer the “why” and “how"” questions about
large rivers. Why are lurge floodplain rivers so productive, in terms of [isheries {or
example? Why are the biological communily structures the way they are? How does
the ecosvstem work?

Our approach to answering these questions is to measure and model the flow
of carbon through the svstem. Carbon is fixed by photosynthesis within the aquatic
portion of the river itself and introduced as organic matter fram the floodplain and
tributaries. Carbon can enter [ood chuins, be stored temporarily on the floodplain
or bottom of the river. or be permanently lost to the biotic communitics by deep
burial within sediments.

The form of organic matter is important. Not all forms of organic matter are
equally nutritious, and the nutritional value governs rates of utilization and decom-
position by organisms and hence the rate at which carbon cyeles within the system.
The turnover rate of carbon in the leaves of some aquatic plants, {rom the time
the carbon is fixed to the time the leaf senesces and decomposes, is measured in weeks
while woody debris takes vears to decompose, primarily because the nitrogen con-
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tent of wood is 1oo low to support consumers or decomposers which cannot derive
nitrogen from the atmosphere or fram other organisms. Although the standing erop
of wood in the floodplain and bollom of the river is large, the contribution to aquatic
food chains is small because the turnover rate is low.

Our measurements have already demonstrated the importance of carbon fixa-
tion iu agquatic plant beds and marshes along the river. One of the most abundant
emergent species, arrowhead (Sugittaria latifolic). produces at least 724 grams dry
weight of organic matter per square meter per year. This is about hall the produce-
tion rale achieved on fertilized fields of corn (Zeg mays). bhul more than most non-
cultivated terrestrial plants. Qur calealations of production {or arrowhead and several
other aquatic plants will be revised upward because we are just now measaring below-
ground production of rools and leakage of dissolved carbon from stems and leaves.

We are currently investigaiing the fate of organic malter produced in plant beds.
We already know that it does not accumulate in the sediments, so it is cither used
by primary decomposers within the beds or exported to othier riverine habitats. The
Water Survey is investigating secondary cirenlation patterns and the recurrence inter-
vals of summer storms with strong winds which could generale waves and move
organic malter oui of plant beds. If this organic maller is exported and does fuel
the detrilus-based food chains, then aquatic plants provide a pulse of material al
a critical time: the summer low flow period when the inpul of organic matter from
floodplain and tributaries is minimal and phytoplankton populations are low.

The ficld measurements of carbon [lixation, transport, and utilization are used
in a computer model which simulates the [unctioning ol the river ecosystem. Car-
hon is the “currenev” which is exchunged between components ol the biological
model (lor example, when predators eat preyv). Population densitics of key species
are represented in grams of carbon per unit volume or unit area. The model includes
nonliving components, such as dissolved organic carbon. The biological model is
driven by a hvdrological model which computes water flows and determines whether
sediments will be scoured or deposited.

The modcl is explanatory, rather than expirical, so that any discrepancy between
the behavior of the model and the real river leads us to rethink cur conecepts aboult
how the river ecosystern works. We should be able to verify the capacity of the model
{0 represent rare events {such as droughts and floods), which may produce major
or Jong-lasting effects, because such events will occur during the 30-vear life of the
project and the response of the system will be measured.

Although the main purpose of the projeet and the model is to improve our under-
standing of rivers, both should find practical application in river management. We
should be able to predict the likely effects on the river of proposed improvements
in waste treatment and soil conservation in the basin and the effects of projected
increases in barge Lraffic.

LTER AND LOCAL EDUCATIONAL INSTITUTIONS

The Illinois Rivers LTER project encompasses multifaceted research activities
involving biology, hydrology, geology, chemistry, and other disciplines. Lxtensive
historical data on the Illinois and Mississippi Rivers are available within the three
Scicntific Surveys, the State Musewmn, and Western Illinois University, Moreover.
detailed data on almest all facets of river ecosystems are being collected by the
researchers working on the project. This research not only is producing interesting
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and stimulating results, but also has raised a number of research questions and topics
that cannol be answered within the present framework of the project. Additional
research on these questions should be initiated in cooperation with other investigators.

The Illinois Rivers LTER rcsearch leam would welcome the opportunity to initiate
and develop joint research projects with professors and scientists al other colleges
and institutions, especially those located along the Illinois and Mississippi Rivers.

FUTURE OF THE ILLINOIS RIVERS LTER PROJECT

The researchers proposc to continue the project for a total of 30 years. The proj-
ect is reviewed and funded in five-year installments. Although hypotheses and meth-
odological details may change, the basic direction of the research will remain the
same with an emphasis on long-term evaluation with related short-term experimen-
tation. [t is certain that innovative concepts and interdisciplinary approaches will
be required before we can arrive at an intellectnally satisfying understanding of
the ecology of large rivers.
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