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1 Introduction

The primary objectives of this initial Habitat Needs Assessment (HNA) are the evaluation of
existing habitat conditions throughout the UMRS, forecasting future habitat conditions, and
quantifying ecologically sustaining and socially desired future habitat conditions. The HNA
addresses the system-wide, river reach, and pool levels of spatial scale and includes the bluff-to-
bluff extent of the floodplain. The primary purpose of the HNA is to help guide selection, design,
and evaluation of Habitat Rehabilitation and Enhancement Projects under a reauthorized
Environmental Management Program. The HNA helps begin to identify, at the system, reach,
and pool levels, the long-term habitat requirements and will serve to refine the focus of future
system monitoring and research activities under the reauthorized EMP.

1.1 Background
The Upper Mississippi River Environmental Management Program (EMP) was authorized by
Section 1103 of the Water Resources Development Act (WRDA) of 1986. The two main
components of EMP are the Long Term Resource Monitoring Program and Habitat Rehabilitation
and Enhancement Projects (HREPs).

The present EMP will end in the year 2002. The authorizing language in WRDA

1986 required an evaluation to determine the program's "effectiveness, strength and weaknesses
and contained recommendations for the modification and continuance or termination" of the
EMP. The Corps of Engineers, Mississippi Valley Division submitted its Report to Congress on
the EMP to Corps Headquarters in December 1997. The report contained the following
recommendations to Congress: continuing reauthorization of the EMP, increased annual funding
for both the LTRMP and HREPs ($10M and $22.7M respectively), revised cost-sharing
provisions for HREPs, and updated reports to congress at six-year intervals.

Several recommendations for modifying implementation of the EMP were also contained in the
Report to Congress. One recommendation was to develop a Habitat Needs Assessment (HNA) as
part of a continued UMRS-EMP. The Environmental Management Program Coordinating
Committee (EMPCC), comprised of representatives from the Corps of Engineers, the U.S. Fish
and Wildlife Service, the U.S. Geological Survey and the five UMRS States, supported the
development of an HNA.

The Habitat Needs Assessment (HNA) was officially noted in the Report to Congress, An
Evaluation of the Upper Mississippi River System Environmental Management Program, U. S.
Army Corps of Engineers, Rock Island District, December 1997. The Report to Congress
contained numerous references to the Habitat Needs Assessment and its intended purposes.
These purposes include:
e describe historical and existing habitat conditions, and identify objectives for future
habitat conditions;
e address a variety of habitat requirements including physical, chemical, and biological
parameters;
define habitat needs at system, reach, and pool scales;
e address the unique habitat needs of distinct river reaches and pools, while also assessing
the importance of the UMRS to long distance migrants;
e achieve a collaborative planning process that produces technically sound and consensus
based results;
¢ identify goals, objectives, and opportunities for habitat protection, enhancement, and
restoration;
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e help guide the selection and design of HREPs at multiple scales.

1.2 General Approach to Conducting a Habitat Needs Assessment for the
UMRS

The HNA is a cooperative effort of natural resource agencies responsible for management of the
UMRS to develop consensus based desired future habitat conditions and habitat needs.
Development of this HNA for the UMRS is described in great detail in other sections of this
report, but briefly, this HNA was largely based on a process of assessing existing conditions,
forecasting future conditions, and identifying desired future conditions. Habitat needs were
identified through comparison of desired and existing conditions. The HNA also included
reviews of UMRS geomorphology and climate, historic land cover change, and ecological
disturbances in the context of their influencing the natural potential, existing, and future habitat.
New analytical tools developed for the HNA include a Geographic Information System (GIS)
query tool to summarize land cover maps and to estimate potential species occurrence from land
cover maps. A second new tool completed for the HNA was a terrestrial vegetation successional
model to predict future land cover.

1.3 Application of a Habitat Needs Assessment to the EMP
The HNA will be one of many methods used to improve the scientific basis for selecting and
planning future habitat projects. The present HNA provides a broad systemic analysis that can be
used to assess the potential systemic contribution of proposed HREPs. A “living” HNA for the
UMRS, one that is refined and updated as new information is developed, can become a major
element in an adaptive management process. Refinements of the HNA will provide better
estimates of potential habitat by using multiple data layers with better resolution than currently
available. Habitat project implementation will continue to consider local river conditions, desired
conditions, and evaluations of the potential effectiveness of habitat projects.

1.4 Need for a Habitat Needs Assessment
The Upper Mississippi River System (UMRS, including the Illinois Waterway) is a central
feature in the ecology and economy of the Midwest, and in some cases, the hemisphere and the
world. The river floodplain ecosystem supports more than 500 species of freshwater mussels,
fish, reptiles and amphibians, birds, and mammals, and over 600 species of plants. The
Mississippi Flyway provides migratory habitat for 40% of North American waterfowl and 326
bird species. Many of the rarest birds are the neotropical migrants that winter in South America
and nest along the UMRS. The river currently supports 286 state-listed or candidate species and
36 federal-listed or candidate species of threatened or endangered plants and animals endemic to
the Upper Mississippi River Basin (Theiling 1996). Economically, the river supports over $1
billion in annual recreation expenditures, it saves international commodity shippers over $1
billion annually, and is the source of drinking water for about 15 million people (USGS 1999).

Modifications for commercial navigation have altered the natural river floodplain ecosystem for
more than 150 years. Snag clearing and large-scale fuel wood logging started in 1824.
Channelization of rapids, dredging, wing dike construction, levee construction, deforestation, and
agricultural and urban development all modified the river in the distant past, and many
perturbations continue today (Merritt 1984, USGS 1999). The current major development
features influencing the ecology of the rivers are the locks and dams that comprise the UMRS.
Most of the navigation dams on the Mississippi and Illinois Waterways were constructed in the
1930s. The Open River reach of the UMRS is not maintained with navigation dams, instead
channel training structures and dredging alone maintain navigable water depths given the
discharge contributed by the Missouri river.
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Ecological degradation of the UMRS stems from direct river floodplain development and indirect
basin impacts (USGS 1999). In addition to river engineering to enhance commercial navigation,
the river has been used to assimilate the waste from rapidly growing cities along its banks. In the
19" and much of the 20" Century, urban populations discharged raw sewage and industrial
contaminants into the river. Many plants and animals dependent on good water quality were
eradicated downstream of large urban centers and toxic contaminants still linger in the river’s
substrates. Most point-source pollution was controlled in the 1970s with the passage of the Clean
Water Act, but non-point source pollution is still a problem. Sediment delivery from the basin is
currently much higher than in the pristine river, although, sediment delivery has been reduced in
recent years as a result of improved farming practices. Fertilizers and pesticides are also present
in the run-off from farm fields. Many toxic compounds run-off the streets, shop floors, and
garages in urban areas. Fertilizers and pesticides are also introduced from urban and suburban
lawns, parks, and golf courses.

State and federal fish and wildlife managers and citizens have long recognized the ecological
degradation of the river and have taken measures to protect the river. The Upper Mississippi
River National Fish and Wildlife Refuge is celebrating its 75" anniversary since its establishment
with the help of early conservation groups such as the Izzak Walton League. Federal
involvement in UMRS habitat rehabilitation increased considerably in 1986 with the
authorization of the Environmental Management Program (EMP). The program supports an
ecological monitoring component, the Long Term Resource Monitoring Program (LTRMP), and
a habitat restoration component, Habitat Rehabilitation and Enhancement Projects (HREP).

Twenty-four habitat projects were constructed as of early 1998 (at the time of the EMP Report to
Congress). There are presently 28 projects completed, and 12 are under construction. About 13
projects are in various stages of planning, and design. Chapter 4 of the EMP Report to Congress
(U.S. Army Corps of Engineers 1997) provides a detailed description of the HREP program.

The EMP Report to Congress is available via the Internet through the Rock Island District home
page at: http://www.mvr.usace.army.mil/pdw/emp/rtc_home.htm. Fact sheets and detailed
information about individual habitat projects are available via the Internet at:
http://www.umesc.er.usgs.gov/.

The 24 projects implemented as of early 1998 affect approximately 28,000 acres of aquatic and
floodplain habitat. The 26 projects presently under construction and in general design will
increase the total affected area to about 97,000 acres, approximately 11%of the total UMRS
floodplain and aquatic habitat area, not counting agricultural and urban areas. The HREP
projects incorporate a variety of habitat protection and restoration features.

The Habitat Needs Assessment for the Upper Mississippi River System was conducted to:
describe historical and existing habitat conditions, identify objectives for future habitat
conditions, define habitat needs at system-wide, reach, and pool scales, address a variety of
habitat requirements including physical, chemical, and biological parameters, address the unique
habitat needs of distinct river reaches, pools, and the system, and be a collaborative, technically
sound, and consensus based effort. The HNA will be used as one of many tools to identify goals,
objectives, and opportunities for habitat protection and restoration projects constructed under the
authority of the Upper Mississippi River Environmental Management Program. This report
describes UMRS geomorphology, climate, and geomorphic area and land cover types. An
analysis of historic changes is presented to help identify the range of potential habitats once
present in the UMRS. A geographic information system (GIS) based tool developed to provide
unbiased analyses of potential species occurrence throughout the Upper Mississippi and Illinois
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Waterways and their floodplains is introduced. A terrestrial vegetation successional model
created to help estimate future terrestrial vegetation conditions is described. The HNA also
included a future habitat condition prediction developed through a variety of quantitative and
qualitative assessments. The last sections of the report summarize resource manager’s desired
future condition, habitat needs, and information needs.
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2 UMRS Geomorphology and Climate
Floodplain geomorphology provides the template upon which plant communities and habitats
develop. The geomorphology of the UMRS is of glacial origin, with most modern characteristics
resulting from the Wisconsin Ice Age that ended about 11,500 years ago. The river initially cut
deeply into its valley along a relatively straight southern course, but the valley has been filling
ever since. Heavy glacial gravels and rocks have been overlaid with finer glacial till, sand, and in
backwaters and floodplains, fine clays and silts. The geomorphology and topographic features of
the river are diverse along its length, and also laterally from the channel to the bluffs.

2.1 Longitudinal Geomorphologic Variation
The longitudinal profile of the upper Mississippi River can be divided into at least ten major
Geomorphic Reaches (Figurel and 2; WEST 2000). The limits of the reaches are defined as:

Geomorphic Reach 1: Pools 1-3

Geomorphic Reach 2: Pool 4 (Lake Pepin)

Geomorphic Reach 3: Pools 5 -9

Geomorphic Reach 4: Pools 10 — 13

Geomorphic Reach 5: Pools 14 - 17

Geomorphic Reach 6: Pools 18 - 19

Geomorphic Reach 7: Pools 20 — 22

Geomorphic Reach 8: Pools 24 — 26

Geomorphic Reach 9: Below Pool 26 to Thebes Gap
Geomorphic Reach 10: Thebes Gap to Ohio River confluence

Geomorphic reach 1, including pools 1 — 3 and upper pool 4, represents the area upstream from
Lake Pepin. Lake Pepin once extended up through this reach, but post-glacial sediment
accumulation has filled about 50 miles of the valley. Bed load from the headwaters and
Minnesota River accumulated at a rate of about 25 ft/yr forming a narrow channel bordered by
low floodplain. The riverbed is composed of graded layers of heavy glacial tills overlain by
smaller gravel and sand. Many terrace remnants remain. The river plan form prior to major
channel improvements was a classic braided channel through the expanding delta. The current
rate of delta expansion is probably lower than in the recent past, but analysis of photographs
between 1949 and 1989 show the active edge of the delta is expanding about 184 ft/yr. (WEST
2000). Impoundment in this reach has created the familiar form of a narrow river and relatively
wide floodplain in the upper pool reaches, island braided middle pool reaches, and open water
lower pool impounded and backwater areas. The reach is highly developed through Minneapolis-
St. Paul, but less so in Pool 3. Urban development and pollution greatly impacted the reach, but
recent improvements have been documented. The Minnesota Valley and Upper Mississippi Fish
and Wildlife Refuges protect about 30%of the reach.

Geomorphic reach 2 includes Lake Pepin, a post-glacial lake impounded by the Chippewa River
alluvial fan. The lake was formed in the early post-glacial period when the Mississippi River was
deeply incised and coarse sediment from the Chippewa River filled the valley. The lake is slowly
filling from the upstream end. Impoundment maintains high water levels downstream from Lake
Pepin through the Chippewa delta, but has little impact on the form of the lake and the upper
pool. Backwaters are larger and more abundant in the lower pool since impoundment, but Lake
Pepin is very similar to its pre-development form. Development in the floodplain is limited, but
the lake is popular for recreation. The Upper Mississippi Fish and Wildlife Refuges protect about
30% of the reach and Lake Pepin accounts for most of the rest of the reach.
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Geomorphic reach 3 extends from the Chippewa River delta through Pool 9. It is a relatively
steep reach dominated by sandy bed load from the Chippewa and, to a lesser extent, the Black
rivers. The reach ends where the riverbed levels over the sediment hump created by the
Wisconsin River. Prior to impoundment, the reach exhibited a classic island-braided form. Many
wing dams and substantial dredging helped maintain navigation prior to lock and dam
construction. Impoundment inundated the lower portions of the pools, submerging channels,
islands, and floodplains. High elevation floodplain areas remained as islands, but post-dam wind-
wave erosion in lower pools 5 through 9 has eliminated many of them. The middle portions of
these pools display broad island-braided floodplains, and the upper reaches narrow to a more
restricted island-braided channel. Islands in some upper pool reaches are eroding and dissecting.
Tributary deltas may be expanding because of upstream erosion control and the mobilization of
sediment stored in tributary streams (Knox and Faulkner 1994). La Crosse and Onalaska,
Wisconsin and Winona, Minnesota are significant cities. The Upper Mississippi Fish and
Wildlife Refuge protects most of the floodplain area in the reach.

Geomorphic reach 4 is a constricted valley reach extending from pool 10 through 13. Resistant
limestone and dolomite formations constrict the river from the mouth of the Wisconsin River to
upper Pool 13 where the valley fans out. Islands were not numerous in pools 10, 11, and 12
either prior to or following dam construction. Many wing dams and substantial dredging helped
maintain navigation prior to lock and dam construction. Impoundment inundated much of the
floodplain in the lower portions of the pools, creating the familiar upper pool to lower pool
impoundment effects. Impounded portions of these pools are accumulating sediments from major
tributaries, thus reducing bottom variability and depth diversity. Many inundated channels and
floodplain depressions have filled to uniform depths. Dubuque, Iowa and several small cities
occur in reach 4, but the Upper Mississippi Fish and Wildlife Refuge protects most of the
floodplain terrestrial area.

Geomorphic reach 5 includes the highly constricted Fulton-Rock Island gorge in pools 14 and
15, and the wide valley expansion in pools 16 and 17. The portion of the reach through the gorge
is a steep constrained channel with few islands and little floodplain terrestrial area. The river
flattens in Pool 16 and large islands were formed when sediment was deposited in a main stem
delta downstream of the steep gorge. Island formation in Pool 17 is similar to Pool 16, but the
valley widens significantly in the ancient lowa River valley. The plan form changes resulting
from impoundment are not as apparent in geomorphic reach 5 compared to upstream reaches.
Agriculture is an important component of the floodplain landscape; levees protect 12% and 74%
of the pools 16 and 17 floodplain, respectively. The quad cities are a large urban concentration in
reach 5, and less than 30% of the floodplain.

Geomorphic reach 6 consists of pools 18 and 19. Pool 18 and upper 19 are similar to reach 5,
with many large islands and secondary channels. Impoundment effects are not pronounced in
lower Pool 18. Lower Pool 19 was a steep rapids through a geologically young rock gorge from
Fort Madison to Keokuk, Iowa prior to impoundment, but the hydroelectric dam constructed in
1913 inundated the gorge. Lock and Dam 19 creates a 38-foot head that impounds about one-half
of the 46-mile long reach. Much of the impounded area has filled with sediment, aquatic plants
grow in areas that were 30 feet deep when the dam was constructed. The dam is the major
impediment to fish migration throughout the basin. The broad floodplain upstream from the
gorge has largely been converted to agriculture. A little more than 30% of the reach is leveed.
Several moderate sized cities occur in the reach, and less than 15% of the floodplain is in public
ownership.
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Figure 1. The upper Mississippi River is divided into 10 geomorphically based reaches that reflect the river’s adjustment to glacial events and
other geological controls in the region.
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Figure 2a. Land cover in Upper Mississippi River System Geomorphic reaches.
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Figure 2b. Land cover in Upper Mississippi River System Geomorphic reaches.
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Geomorphic reach 7, including pools 20, 21, and 22, is a surprisingly steep reach because of
sediment from the De Moines River entering the Mississippi below Lock and Dam 19. The reach
shows evidence of old meander belts through the post-glacial alluvial soils. The modern river
resembles the pre-development plan form, but there are fewer shoals and sand bars exposed at
low flows. Large island complexes and long interconnected secondary channels characterize
much of the reach, but relatively simple channel reaches are evident too. Lower pool
impoundment effects are not pronounced in plan form. Agriculture is the dominant floodplain
landscape element. The floodplain in the reach is about 70% leveed. There is little urban
development, but less than 10,000 acres of public land.

Geomorphic reach 8 includes pools 24, 25, and 26. The slope of the riverbed decreases through
the reach to the hump of the Illinois and Missouri river alluvial fans. The Missouri River
contributes most to this feature because of the lower flow and higher suspended sediment
component of the lllinois River. The modern river resembles the pre-development plan form, but
there are fewer shoals and sand bars exposed at low flows. Upper pool reaches of the pools have
numerous large islands and mostly simple single thread secondary channels. Lower pool reaches
generally have smaller and fewer islands. Impoundment effects are noticeable immediately
upstream from locks and dams 25 and 26. Agriculture is the dominant floodplain landscape
element. About 70% of pools 24 and 25 is leveed. Only about 23% of the Pool 26 floodplain is
leveed on the available GIS coverages, but levees visible on topographic maps do not appear on
the GIS maps. The coverage needs to be verified and updated. There is little urban development
in the floodplain, but less than 15% of the floodplain is public land.

Geomorphic reach 9 includes the Mississippi south of Pool 26 to Thebes Gap at river mile 48.
The floodplain is about seven miles wide and the river has meandered through it many times.

The head of the reach is very steep because of the influence of the Missouri River alluvial fan.
Prior to improvements for navigation the reach had many islands and ephemeral sand bars, but
channelization and dredging has greatly simplified the river channel. Side channels provide most
of the off-channel aquatic area and many are being lost to sedimentation and river training efforts.
Closing structures and wing dams divert moderate and low flow currents away from, and often
isolate, side channels, so only sediment laden flood flows influence the secondary channels.
Scour holes below closing structures may be 50 — 100 feet deep and experience episodic periods
of poor water quality when isolated from the river. Eight secondary channels were lost between
1880 and 1960; another 2 were lost between 1960 and 1989. Once huge quantities of sediment
(orders of magnitude greater than from the Mississippi) delivered from the Missouri have been
greatly diminished with the construction of the Gavins Point dam on the Missouri River in 1955.
Riverbed degradation (i.e., scour) has significantly deepened the highly regulated channel. The
floodplain is over 70% leveed, with agriculture dominating the landscape. The floodplain east of
St. Louis Missouri is highly developed, but the rest of the reach is relatively free of urban
development. There are only about 20,000 acres of public land.

The river channel in Geomorphic reach 10 (Thebes Gap to the Ohio River) is very similar to
reach 9, but the floodplain widens greatly below the rock gorge at the upstream end. The
floodplain widens to about 10 miles and the river has two large bends. The bed slope continues
to be steep because of scour through the gorge. The same impacts from navigation displayed in
reach 9 are operating in reach 10.

The Illinois Waterway consists of two reaches separated at the Starved Rock Lock and Dam on

GIS coverages, but geomorphologically at the Great Bend at Hennepin, Illinois where the glacial
Mississippi River once flowed. The upstream portion of the Illinois River and its major
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tributaries making up the Illinois Waterway are geologically young tributaries and man-made
canals that link the river to Lake Michigan. The reach is steep requiring the need for high lift
dams with short pools that fill most of the former river valley. Much of the upper Illinois
Waterway is highly urbanized. There are less than 500 acres of public land.

The lower Illinois Waterway reach, including Peoria, La Grange, and Alton pools, is a remnant
of the ancient Mississippi River that once flowed across northwestern Illinois. Glacial flows
down the ancient valley created a floodplain that is exceptionally large for the current river
discharge. The floodplain has been filling with fine loess sediment for millennia and the current
channel slope is very low. The three navigation pools in this reach are about twice as long as the
longest Mississippi River pools. The modern river channel is relatively simple, with few islands
and side channels, but many backwaters of differing degrees of connectivity fringe the channel.
Prior to navigation and agricultural development, Illinois River backwaters were very numerous
and diverse in shape, size, and depth. Currently, water level regulation maintains fewer, larger
lakes with uniform shallow depths and silty substrates. Agriculture dominates the floodplain,
which is about 50% leveed in the La Grange Pool and about 70% leveed in the Alton Pool.
Urban development is significant in the Peoria, Illinois area, but the rest of the reach has only a
few large towns. Less than 15% of the reach is in public ownership.

Additional river reaches covered by the EMP including portions of the Minnesota, St. Croix,
Black, and Kaskaskia rivers were not investigated in detail in this report. These river reaches are
important refuge or recreation areas that resource managers are concerned about, but the available
spatial data used in the analysis is not available for all the areas.

2.2 Lateral Geomorphic Variation
Lateral variation in floodplain morphology can be very diverse in any given river reach, but some
generalities can be described. Wilcox (1993) defined UMRS aquatic areas based on geomorphic
and navigational features of the river system (Table 1; Figure 3). Floodplain area classes are not
well defined because of a lack of detailed topographic data, but islands, contiguous floodplain
area, and isolated floodplain areas have been delineated (Figure 3). Aquatic area classes are
useful to characterize physical processes related to water and sediment movement as well as
associated biological communities. The 15 class HNA geomorphic areas classification is
explained in detail below in Section 5.

2.3 Substrates and Soils
Generally, the UMRS has sand substrate channels and floodplain soils underlain by graded glacial
gravel over deeply buried bedrock. The floodplain elevation grades upward to the bluffs and
flood frequency decreases along the gradient. Hills, ridges, and swales (floodplain depressions)
may be present where former channels once flowed and formed natural levees. Terraces, former
floodplain remnants, flanking the river valleys provide high elevation plateaus that may rarely
flood. Floodplain soils are generally classified as “unconsolidated alluvium,” but the term does
little to describe the diversity of soils in the UMRS. Former channels and levees may provide
well-drained soils suitable to flood intolerant plants. Former lakes and marshes may provide
impermeable clay composites that retain moisture. Most of the floodplain is sand covered with
fine alluvial silt and clay creating a thick loamy soil. Islands are formed where channels cut
through floodplains, where obstructions in the channel block flow, and as sand bars that become
colonized and stabilized by vegetation. Islands were more abundant in the pre-impoundment,
pre-channelization era.
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Table 1. Upper Mississippi River System aquatic habitat classification system (Wilcox 1993).

Channel
Main channel
Navigation channel
Sandbar
Channel border
Unstructured
Revetted bank
Wing dam
Closing dam
Tailwater
Secondary channel
Navigation channel
Sandbar
Channel border
Unstructured
Revetted bank
Wing dam
Closing dam
Tailwater
Tertiary channel
Tributary channel
Excavated channel
Backwater
Contiguous
Floodplain lakes
Abandoned channel lakes
Tributary delta lakes
Lateral Levee Lakes
Scour channel Lakes
Floodplain depression lakes
Borrow pit lakes
Other artificial lakes
Floodplain shallow aquatic
Impounded
Isolated

Floodplain lakes
Abandoned channel lakes
Tributary delta lakes
Lateral levee lakes
Scour channel lakes
Floodplain depression lakes
Borrow pit lakes
Other artificial lakes
Floodplain shallow aquatic
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Figure 3. Examples of HNA land cover and geomorphic classes displayed on Pool 8 of the Upper Mississippi River System.
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2.4 Climate
The climate of the UMRS is mid-continental, north temperate, but the great longitudinal extent of
the river allows for significant variability. The river crosses six USDA plant hardiness zones (4a
to 6b) and many plants species are unevenly distributed along the river. The river, however, also
provides a warm microclimate within its valley that allows northward expansion of southern plant
species. Average annual precipitation is slightly higher in southern river reaches. Minneapolis,
Minnesota gets an average 28 inches of precipitation St. Louis, Missouri gets an average 38
inches (Table 2). There is an 11-degree difference in average air temperature between
Minneapolis and St. Louis. Average annual water temperature measured at LTRMP field stations
is similar in northern reaches, but increases about 3 degrees Fahrenheit in the southern river
reaches. Average ice thickness declines in a southward direction along the river, but annual
extreme events may be masked by the averages. Average snow cover is greatest in Minneapolis
and declines in a southward direction where there is less than one-half as much snow in St. Louis.
Major floods and droughts occur with about decadal frequency, with smaller variation evident in
between (Perry 1994). Rainfall and discharge has been increasing over the past several decades
(Knox 1993). Windstorms and tornadoes can cause widespread to localized impacts to forests.

Table 2. NOAA Climatic indicators for UMRS cities and river reaches.

Average Average Average Average Average
Annual Air | Annual Water | Annual Ice Annual Annual
Temperature | Temperature | Thickness Snowfall | Precipitation
City/LTRMP Field Station (Degrees F) (Degrees F)" (Inches)* (Inches) (Inches)
Minneapolis —St. Paul,
MN/Pool 4 44.9 22.9 13.2 49.7 28.32
La Crosse, WI/ Pool 8 46.3 23.0 12.0 43.1 30.55
Dubuque, [A/Pool 13 46.4 23.2 9.7 43.2 38.36
Moline, IL 49.6 - - 30.1 39.08
St. Louis, MO/Pool 26 56.1 26.6 0.5 19.5 37.51

a = Data collected at LTRMP field stations. Provided by David Soballe, USGS UMESC, La

Crosse, Wisconsin.

islands. The Illinois Waterway starts in constructed canals that connect to larger tributaries

2.5 Summary
The influence of large scale geomorphologic and climate factors are quite variable among UMRS
river reaches. The Mississippi River grades through island braided reaches, reaches with larger
frequent, irregular islands, to the Open River reach with a meandering channel and occasional

before joining the Illinois River. The Illinois River is geologically young above the Great Bend
at Hennepin, Illinois, but it joins a broad, ancient glacial valley below the bend. Climate
difference along the length of the river permit some sub-tropical tree species in the southern tip of
the river, and north-temperate forests in the northern reaches. The response to and mechanisms
supporting commercial navigation differ along the length of the river, but most responses appear

to result in decreased habitat diversity and quality. Levees are most prominent on the Mississippi
river below Rock Island and on the Illinois River below Peoria.
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3 Historic Land Cover Change
Analysis of habitat change, plant community succession, and decisions regarding desired future
conditions must rely on an understanding of the natural potential ecological conditions and the
mechanisms responsible for change since European colonization. Modern plant communities do
not reflect their former or potential distribution and composition because the UMRS has been
repeatedly disturbed by human activity. The pre-European UMRS landscape has been
reconstructed for parts of the UMRS using information gathered during early 1800s Government
Land Survey office records (Nelson et al. 1994, Yin and Nelson 1995, Nelson et al. 1996, Nelson
and Sparks 1998, John C. Nelson, unpublished data). The information is presented here along
with contemporary UMRS landscape statistics to illustrate plant community changes over time
and to briefly illustrate the activities that are responsible for historic change and future conditions.

U.S. Government Land Office (GLO) maps and survey notes are the primary source for
reconstructing historic landscapes. The records contain, among other things, plat maps showing
the location and extent of former prairies, timberlands, marshes, swamps, and rivers. The historic
maps were digitized into a geographic information system (GIS) format to make it easier to
identify and quantify natural habitats present prior to widespread European colonization and
development. Survey notes allow the differentiation of the composition and structure of former
timberlands on the islands, floodplains, and adjacent uplands (see Nelson et al. 1996 for
methods). Interpretation of GLO surveys and GIS database development are ongoing, but 10
river reaches in 8 of the 12 UMRS geomorphic reaches have been completed. Land cover unit
area estimates must be carefully interpreted because mapping methods in the early 19" Century
lacked the precision of modern methods. The approach is very useful, however, for illustrating
historic landscapes at a coarse scale. Detailed studies in Pools 25 and 26 (Nelson et al. 1996) and
river miles O to 80 on the Mississippi (Yin and Nelson 1995, Yin et al. 1997), and at the Illinois
River confluence (Nelson et al. 1994, Nelson and Sparks 1998) permit summaries of forest
compositional change in these locations.

3.1 Landscape Perspective
Land cover community change differs among geomorphic reaches, though pools 13, 17, 22, 24,
25, and 26 show similar magnitude and type of change (Table 3; Figure 4). Pool 4 is unusual
among other Upper Mississippi River pools in that Lake Pepin, a natural main stem lake,
dominates Pool 4 land cover (Table 3; Figure 4). Water is the dominant cover type in the
landscape, and the proportion of water remains very similar after impoundment. Marsh habitats
were small components of the landscape in both time periods, but their percent composition
increased fourfold in the later time period. The amount of prairie remained similar, but the
amount of timber was halved. Timber in the Chippewa River delta was likely inundated and
killed when dams were constructed. The remaining forest loss is likely attributable to
development and agriculture.

The increase in the open water class between pre-settlement and 1989 in Pool 8 (150%) far
exceeds that of any other reach presented (Table 3; Figure 4). Impoundment by navigation dams
flooded most of the lower one-half of the pool and killed most of the terrestrial plants, as occurred
to some degree with most of the pools in geomorphic reach 3. The proportion of timber in Pool 8
dropped 38%. Some was likely lost to development (11%), but the remainder was likely flooded
and killed or swept away as islands eroded. Marsh area was reduced by about one-half, but
prairie area increased slightly. Agriculture is a small component of the landscape, but the
proportion of developed area is highest among all the reaches.
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Table 3. Percent composition of land cover types in selected Upper Mississippi and Illinois river reaches in pre-settlement (ca. early 1800s) and
contemporary (1989) periods.

Pre-Settlement Contemporary

Geomorphic Open Open
Reach Pool | Water | Marsh | Prairie | Timber | Swamp | Water | Marsh | Prairie Timber | Swamp | Developed | Agriculture
1 - - - - - - - - - - - - -
2 4 49.8 1.5 7.9 40.2 0.2 53.0 6.0 5.0 23.0 0.0 5.0 8.0
3 8 21.0 14.8 8.0 55.5 0.6 52.8 8.1 9.8 17.7 0.0 11.1 0.5
4 13 19.7 4.5 35.1 39.1 1.6 19.6 18.3 53 18.6 0.0 6.6 31.6
5 17 14.6 0.7 57.0 25.8 1.9 254 1.8 6.6 28.4 0.0 54 324
6 - - - - - - - - - - - - -
7 22 13.3 0.0 35.0 51.7 0.0 9.9 0.1 3.6 12.2 0.0 1.8 72.4
8 24 13.2 0.1 46.4 40.3 0.0 10.3 0.7 33 13.4 0.0 0.9 714

25,26 | 18.3 04 46.3 35.0 0.0 17.9 1.3 5.6 18.6 0.0 3.1 534
9 - - - - - - - - - - - - -
10 OR 6.9 0.0 0.0 86.7 6.4 3.6 0.0 24 20.9 0.0 0.4 68.0
IR2 LaGr | 153 2.4 20.3 57.5 4.1 17.5 1.9 9.8 22.9 0.0 2.5 45.4
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Pool 13 experienced very little change in the proportion of open water in the early and late time
period (Table 3; Figure 4). The increase in open water impounded area in the lower end of the
pool may have been balanced by loss of aquatic area elsewhere in the pool. The area of marsh
habitats increased from only 4.5% to 18.3% of the Pool 13 area, probably in response to the
creation of shallow aquatic areas in the lower pool and loss of depth in backwaters that allowed
emergent plant growth. Prairie area was reduced from 35% of the area to 5%. Most of the area
was likely converted to agriculture, which occupies about 32% of the contemporary floodplain.
Impacts of development and inundation reduced timber area in Pool 13 by one-half (~40% to
~20%).

The proportion of open water area in Pool 17 increased from 15% to 25% of the Pool 17 area
between pre-settlement and 1989 periods (Table 3; Figure 4, Figure 5). The change is difficult to
detect in plan form view, but there appears to be a slight widening of the channel areas, no large
impounded or backwater areas were created. Marsh area increased very slightly, but it is a very
minor component of the reach in both periods. Prairie area decreased from 57% in the pre-
settlement period to only 7% the latter time period. Much of the area was converted to
agriculture, which occupies about 30% of the modern floodplain area. Timber area increased
slightly in the later time period, perhaps encroaching into former prairies. Developed area
displaced about 5% of the pre-settlement communities.

Pool 22 lost a small proportion of aquatic area between pre-settlement and contemporary periods
(Table 3: Figure 4). The marsh class was absent in the early period and barely present in the
modern era. Prairie had been a substantial component of the pre-settlement landscape at 35% of
the reach, but it was reduced to only 4% of the modern landscape. Timber occupied more than
one-half of the floodplain in the pre-settlement era, but was reduced to 12% of the floodplain area
in 1989. Most of the former prairie and timber was converted to agriculture, which occupies
more than 70% of the modern landscape. Floodplain development is a very minor component of
the modern landscape.

Pool 24 has developed similarly to Pool 22. The proportion of the Pool 24 floodplain classed as
open water decreased slightly between the pre-settlement modern eras (Table 3: Figure 4). Marsh
area, a small landscape component in both periods, increased in the latter period. Prairie was the
dominant land cover class in the pre-settlement era at 46% of the floodplain area. It was largely
converted to agriculture, and only 3.3% of the floodplain was classed prairie in 1989. Timber
was the second most prominent land cover class in pre-settlement Pool 24; it covered about 40%
of the floodplain. Logging and agricultural clearing reduced timber cover to only 13% of the
modern floodplain area. Floodplain development is a very minor component of the modern
landscape.

Open water was a larger component of the pools 25 and 26 floodplain landscape than pools 22
and 24 (Table 35: Figure 4), but the changes over time are similar in these reaches. The open
water class area changed very little between pre-settlement and contemporary periods. Marsh
area was a small landscape component in both time periods, but it did increase in the latter period.
Prairie was, again, the major landscape component at 46% of pre-settlement floodplain area, but
it was reduced to only 6% of the contemporary floodplain area. Agricultural conversion
displaced most of the pre-settlement prairie and currently occupies over 50% of the floodplain
area. Timber area was reduced from 35% of the pre-settlement floodplain to about 20% of the
modern floodplain area. The degree of development was slightly higher at 3.1% of modern
floodplain area than pools 22 and 24, but lower than the northern pools.
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The lower portion of the Upper Mississippi River Open River reach (river miles 0-80) supported
a much different pre-settlement environment than the northern river reaches. The pre-settlement
landscape was almost completely forested, with timber covering 87% of the landscape and
forested swamp covering 6% of the floodplain (Table 3: Figure 4). Open water was the only
other land cover class, occupying 7% of the pre-settlement floodplain area. Open water in the
modern era was reduced to about one-half of its pre-settlement proportion of the floodplain (6.9%
to 3.6% of floodplain area). The loss is because of narrowing of the channel and loss of
secondary channels. Agriculture is the dominant cover type in the modern era, occupying about
70% of the floodplain area. Timber covered about 20% of the floodplain in 1989, but most was
restricted to islands and the land between the river and set back levees. Prairie occurs in 1989 as
a landscape component in leveed areas.

The Illinois River below the Great Bend at Hennepin, Illinois differs from the Mississippi River
in that it is a very low gradient river. The pre-settlement river in the La Grange reach had many
backwaters of various degrees of connectivity with the main channel compared to the Mississippi
River. Open water increased slightly in the modern era (Table 3: Figure 4, Figure 6), but
importantly, the distribution of the water changed from numerous small lakes to several very
large open backwater areas. The marsh component of the landscape decreased slightly in the
contemporary era. Prairie occupied about 20% of the pre-settlement floodplain areas, and still
accounts for 10% of the floodplain area. Timber fringing channels and backwater lakes was the
dominant pre-settlement cover type, occupying almost 60% of the floodplain. Levee construction
and agricultural conversion reduced timber cover to 23% of the modern floodplain area. Swamp
areas present in the pre-settlement era were absent in 1991. Agriculture behind protective levees
occupies about 45% of the modern landscape.

The development of historic land cover data at the pool reach scale helps interpret pre-settlement
landscape differences along the Mississippi River, and when more data are available, clear trends
or patterns may be defined. Lake Pepin is a unique feature in the upper part of the Mississippi
River, but the terrestrial areas upstream to Minneapolis were likely similar to the highly timbered
island braided floodplains upstream and downstream from Lake Pepin. The Pool 8 pre-settlement
landscape was also a highly timbered island braided landscape, with multiple channels winding
through a relatively narrow floodplain. This characteristic landscape probably existed throughout
the Chippewa River delta that extends through geomorphic reach 3. Geomorphic reach 4 is
influenced by the Wisconsin River, and other tributaries that continue to affect floodplain
development through geomorphic reach 8. The island-braided pattern subsides through
geomorphic reaches 4 though 8 to a more frequent and irregular island pattern, with split islands
common. Island braiding occurs downstream of resistant rock gorges at Rock Island, Illinois and
Keokuk, Iowa, and at large tributary confluences. Local differences are evident, but in general,
the floodplain widens significantly and lateral terraces are more prevalent. The prairie land cover
class occurrence increases on the high elevation floodplain terraces. The proportion of timbered
area in the geomorphic reach 4 to 8 landscape is the lowest among the river reaches whose
historic landscapes have been interpreted. The environment downstream from the Missouri River
(geomorphic reaches 9 and 10) differs from upstream river reaches because the Missouri River
increases stream flow about 50% and, before dams were constructed in the 1950s, greatly
increased sediment delivery. The Mississippi River south of the Missouri River was a
meandering stream with many islands and bars. The pre-settlement landscape from river mile
200 to 80 has not been analyzed completely, but the area between river miles 200 and 118
supported landscapes similar to geomorphic reaches 4 through 8 (Kathy McKeever, Illinois
Natural History Survey, Brighton, Illinois, unpublished data). The river mile 80 to O reach was
unique in the Upper Mississippi River because it was almost completely forested and its
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Figure 6b. Modern land cover map along Mississippi River Pool 17. Data along the river
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early 1980s.
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composition included species common to southern bottomland hardwood forests. The Lower
Illinois River reach differed from the Upper Mississippi River because of its high proportion of
forest fringed backwater lakes and channels. Forest was the major pre-settlement component of
the landscape in the La Grange Pool reach, but prairies were common also. Prairie was more
common than upstream, but timber remained the dominant pre-settlement land cover type at a
study site on the lower Illinois River near the confluence with the Mississippi River. The
remainder of the Illinois River likely supported prairies and savannas on drier sites and forests on
wetter sites to create highly diverse habitats.

Humans have greatly influenced UMRS terrestrial plant communities for over 150 years through
direct impacts of exploitation of resources and encroachment into floodplain habitats, and
indirectly through the regulation of important ecological control mechanisms. The influence of
commercial development of the UMRS landscape started in earnest in 1824 when the Department
of the Army was directed to clear obstructions from the river. Early navigation projects (ca.
1880s to 1930s) altered the formation of bars and islands through dike construction and dredging.
Agricultural development and levee construction around the turn of the 20" Century eliminated
native communities and decreased the lateral connectivity of the river. Levees currently protect
about 3% of the floodplain in geomorphic reaches 1 through 4, 50% of the floodplain in
geomorphic reaches 5 through 9, 80% of the floodplain in geomorphic reaches 9 and 10, and 60%
of the Lower Illinois River reach. Logging for lumber, steamboat fuel wood, and land conversion
reduced the amount and diversity of floodplain forests. River regulation affected most of the
river system in the late 1930s. Generally, when water levels were raised and stabilized in the
lower portion of the pooled reaches the water table rose and decreased the rooting depth available
to trees. The Open River reach of the Mississippi River has been substantially deforested,
channelized, and leveed. The main channel is deeper, narrower, and more uniform as a result of
channel training. Except for narrow strips of floodplain along the river, the floodplain has been
isolated from the river by large levees that prevent flooding in most years. Leveed areas are
almost completely developed for crop production. The Illinois River was first subjected to
increased water levels and massive pollution when the diversion from Lake Michigan was
opened. Navigation dams further stabilized high river stages. Levee district development and
agricultural development on the floodplain sequestered about 60% of the floodplain. An
important factor influencing modern habitat quantity and quality is the presence of public land,
which is much more abundant in geomorphic reaches 1 through 4 than in other reaches.

3.2 Forest Successional Change
The set of natural disturbances that controlled UMRS terrestrial vegetation succession has been
altered on a large scale through time. Humans have also introduced new disturbances that greatly
altered the UMRS landscape. Some impacts span the entire river, while others are localized. The
availability of pre-settlement forest community structure and plat maps helps ecologists
conceptualize natural successional change. Modern mapping and surveys allow the study of plant
community change in great detail.

3.2.1 Upper Pooled Reaches

Terrestrial plant communities in the upper pooled reaches of the Upper Mississippi River (Pools 1
— 13) have been most affected by logging, water level regulation, island erosion, and invasive and
damaging exotic species. Moore (1988) found that the pre-settlement forest community was
dominated by maple, elm, and ash, species that remained dominant in 1983. GLO surveys in
pools 4, 8, and 13 reveal that forests were the major cover type in much of the upper river.
Logging during the colonization and steamboat eras cleared much of the forested area. Some
areas were converted to agriculture or other development, but many areas grew back as forests.
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The changes during this period are not well understood, but the establishment of the Upper
Mississippi River Fish and Wildlife Refuge protected most of the floodplain in this river reach
from development. River regulation inundated low elevation floodplains and raised the water
table in the navigation pools. This directly inundated and killed many thousands of acres of
standing timber. The raised water table saturated the shallow root zone killing flood intolerant
trees and making other species more susceptible to wind-throw and bank erosion because rooting
depth was decreased. Moore (1988) suggested that tree growth and reproduction at his Effigy
Mounds site was diminished when the river regulation raised the water table. Water level
stabilization has also limited the regeneration of pioneer species such as cottonwood. Following
water level regulation, high elevation floodplain ridges and natural levees remained as islands in
some impounded pool reaches. These islands and the forest community associated with them
have eroded through time. The forested areas have not been replaced, and the aquatic areas
remaining are degraded. Though Moore found some stability in forest composition, recent forest
surveys reveal that wet meadow communities are replacing forests (Randy Urich, U.S. Army
Corps of Engineers, St. Paul, Minnesota, personal communication). A European ecotype of the
native reed canary grass (Phaliaris arundinacea) was introduced for agricultural purposes and has
invaded lower elevation areas of the floodplain in northern river reaches. The exotic grass
aggressively invades forest clearings and thinnings, and its dense growth prevents tree
germination. Dutch elm disease devastated elm trees in the UMRS. A fungus that interferes with
sap flow killed the large elms, once common to the UMRS. The many dead trees did provide
habitat for cavity nesting birds, but most snags have fallen and elm snags are scarce. The
combined impact of these influences has produced forest communities that cover less area than in
the past, have lower diversity, and are composed of even aged trees (Yin 1999). Wet meadows
are increasing their distribution in forest clearings and newly created landforms.

3.2.2 Lower Pooled Reaches

Pre-settlement terrestrial plant communities in the lower pooled reaches (pools 14 to 26) of the
Upper Mississippi River were dominated by prairies on high elevations and forests on low
elevation areas. Between the two was an intergrade of oak savanna. Oaks also occurred on
floodplain ridges and natural levees. Nelson et al. (1996) speculated that fire was the prime factor
controlling succession on the high elevation floodplain and that flooding controlled succession in
low elevation areas. The pre-settlement forest community was diverse, with hackberry, pecan,
elm, willow, and cottonwood as co-dominants. Many of the same perturbations occurring in the
upper pools occurred in the lower pools. Logging was extensive and had impacted much of the
reach by the late 19" Century. Prairies were widely converted to agriculture as were cleared
forests. The savanna community is currently rare because fire has been controlled and such areas
have overgrown with forest or been planted with crops. Impoundment raised the water table and
impacted trees similarly to the impacts upstream, but large open impounded areas are not
common in the lower pools and it is likely that fewer trees were directly flooded. Levees increase
river stage during moderate floods, which may impact reproduction of flood intolerant species if
seedlings are inundated frequently or for long periods during the growing season. The exotic reed
canary grass has not impacted this reach as severely as it has upstream, but damage from Dutch
elm disease has been extensive. The modern forest has low species diversity, with silver maple
being the single dominant species. Mast communities are not being replaced for lack of suitable
seed stock and seedling habitat. The silver maple community appears to be expanding and will
likely be self-sustaining for the foreseeable future. In fact, Yin (1999) demonstrated that despite
timber die-offs, forest communities following extreme flooding in 1993 were regrowing to the
mixed maple forest that existed prior to the flood.
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3.2.3 Open River Reach

The Open River reach of the Upper Mississippi River has always differed from the upper reaches
because of the influence of the Missouri River. Rather than being a stable island braided stream,
the Open River assumes a meandering pattern. McKeever et al. (unpublished data) report that
prairies continued to dominate the floodplain south to the Kaskaskia River (river mile 117) in the
pre-settlement era. Further south, the prairie peninsula gives way to the Ozark region and
floodplain prairies drop out. Yin et al. (1997) report a nearly completely forested pre-settlement
floodplain between river miles 30 and 80, and a forest community with species characteristic of
the southern bottomland hardwood region. Cottonwood dominated the forests close to the river,
but elm, hackberry, sweet gum, and ash were co-dominants on the broad floodplain. The
floodplain south of St. Louis has been nearly deforested or developed for agriculture over time,
and the forests that remain are all new growth in harvested areas or on newly formed land.
Levees increase river stage during moderate floods, which may impact reproduction of flood
intolerant species if seedlings are inundated frequently or for long periods during the growing
season. Modern forests are mostly restricted to the land between the river and levees and on
islands. Yin (1999) investigated succession in these areas following extreme flooding in 1993.
He found that prior to the flood, the forest was co-dominated by silver maple, cottonwood, and
willow, but that the sapling layer was dominated by silver maple. This suggested that without a
change in controlling mechanisms, the forest community would be overtaken by silver maple, as
occurred in the pooled reaches. The extreme flood killed or crippled existing sapling trees, which
allowed a post flood seedling community to develop. The post flood seedling community
resembled the overstory forest composition, which suggested that the co-dominance of silver
maple, cottonwood, and willow would be maintained for the next 50 to 70 years. Yin speculated
that disturbances would be frequent enough to maintain the presence of early successional species
for the foreseeable future.

3.2.4 Lower lllinois River

Nelson et al. (1994), Nelson and Sparks (1998) and Nelson (unpublished data) reconstructed the
pre-settlement landscape of two portions of the lower Illinois River. The analysis revealed that
forest was the major component of the landscape in the La Grange pool and near the confluence
with the Mississippi River. Pre-settlement forests at the Mississippi River confluence were
composed of hackberry, pecan, elm, willow, and cottonwood that fringed river bank lines and low
elevation floodplains surrounding the numerous backwater lakes. Prairies were distributed
toward the bluffs on high elevation floodplains. A low tree density indicated savanna landscapes
were common. Settlement between 1817 and 1903 resulted in the conversion of prairies and
savannas to agriculture and logging of the forests. In 1900, the diversion of Lake Michigan water
via the Chicago Sanitary and Ship Canal increased water levels about 4.5 feet in the Havana,
Illinois area. The water level increase killed low-lying forests and increased the water table.
Higher water table elevations favored flood tolerant species such as silver maples and forced out
less tolerant mast producing species. Lock and Dam 26 increased water levels again when put
into operation in 1938. Again, trees at lower elevation were killed, and a similar flood tolerant
community developed. The extreme flood in 1993 killed about 40% of the mature trees in the
study area, and saplings and oaks showed near complete mortality. Silver maple was the
dominant species among post flood seedlings, which bodes well for its continued dominance.
Nelson and Sparks (1998) conclude that natural regeneration of oaks is unlikely because of the
loss of adult trees as a seed source, in addition to the hydrologic modifications. The Lower
Mlinois River has a very high sedimentation rate and backwaters are filling rapidly (Bellrose et al.
1983). Willows rapidly colonize mudflats along backwater lake margins. The willows
community is eventually replaced by silver maple. Forest composition and plat map results from
the La Grange reach are unpublished, but similar influences have affected the river upstream also.
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3.3 Summary
The UMRS ecosystem has been greatly altered to support agriculture, navigation, and urban/rural
development. The pre-settlement landscape in northern river reaches (pool 1 to 13) was
characterized by riparian forests interspersed with marshes and wet prairies. The pre-settlement
landscape in intermediate latitude river reaches (pool 14 to the Kaskaskia River and the lower
Illinois River) was characterized by riparian forests that graded through savannas, that then gave
way to prairies. The southern-most river reach (below the Kaskaskia River) supported mature
southern bottomland hardwood communities that covered the entire floodplain. River
impoundment flooded much forested area in northern reaches, but large portions of forest remain
relatively intact in refuge areas. In other river reaches, most natural floodplain communities have
been replaced by agriculture. Channel dynamics and water levels fluctuations that support
diverse, productive floodplain communities have been altered throughout the UMRS.
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4 UMRS Ecological Disturbances and Habitat Forming Processes

Landscape ecology is becoming a general framework for the study and management of natural
resources. Landscape elements include patches, corridors, and background matrix (Forman and
Godron 1986). Patch dynamics (Thompson and Willson 1978) are driven by both natural and
human disturbances. Natural disturbances include geomorphic, climactic, physical/chemical and
biological processes that form the physical template of habitats in the landscape, affecting the
distribution and abundance of life forms. Disturbances can be described in terms of their
frequency, timing, duration, severity, spatial extent of effect, and predictability (Pickett and
White 1985).

Landscape ecology has focused on terrestrial systems. Landscapes of floodplain rivers are
considerably more dynamic than most terrestrial landscapes, characterized by rapidly changing
fluvial conditions and shifting ecotones (Salo 1990). Large rivers are dynamic environments
subject to many types of habitat forming processes and disturbances, each having characteristic
recurrence intervals, timing, duration, intensity, spatial extent and predictability. Some
disturbances, such as spring floods, occur frequently, but vary in magnitude. Other disturbances
may occur infrequently and be of limited extent, but have impacts beyond their immediate area of
influence, such as Log jams initiating filling of secondary channels. In many ways, natural
disturbances are important control mechanisms that maintain native plant and animal
communities (Welcomme 1979, Junk et al. 1989, Bayley 1995, Sparks 1995). Human
disturbance of rivers must be viewed from the perspective of altering the scales of occurrence,
timing, and intensity of natural disturbance regimes (Sparks et al. 1998, Ward et al. 1999).
Human activities alter the natural disturbance regimes through river regulation, land use changes,
direct physical alterations such as channelization, exploitation of organisms, and introduction of
pollutants and exotic species.

In this discussion of habitat-forming processes and disturbances for the UMRS-EMP Habitat
Needs Assessment, processes and disturbances are described according to their scales of
occurrence and intensity. Influences of both natural and human disturbances are discussed (Table
4).

4.1 Natural Disturbances

4.1.1 Floods

The channel geometry of alluvial rivers is a function of the flow, the quantity and character of the
sediment in movement, and the character of the materials in the bed and banks. Two processes
are responsible for the formation of floodplains, deposition of sediment on the inside of river
bends and deposition from over bank flow. The greatest amount of sediment is conveyed when
rivers are at or near bank full flow, when the river begins to overflow onto the floodplain. This
level of river discharge corresponds to the 1 to 2 year recurrence interval flood (Leopold et al.
1964). The bank full flood is therefore a primary shaping disturbance that sets the template of the
river channel habitats. Lower frequency but larger floods are responsible for forming the shape
of the floodplain.

Junk et al. (1989) postulate that the annual flood is an important factor maintaining the ecological

integrity of large floodplain rivers. They and others (Welcomme 1979, Bayley 1995, Johnson et
al. 1995, Sparks 1995, Sparks et al. 1998, Ward et al. 1999) theorize that
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Table 4. Selected disturbances influencing Upper Mississippi River System habitat formation and maintenance.

Area of

Recurrence | Influence
Disturbance Mechanism Interval (years)| (acres) Comment
Natural
Annual flood 1-2 10°- 10" |Discharge and amplitude increase downriver
Major flood 100 - 500 10*-10° [Entire floodplain covered, except leveed areas
Drought 10 - 100 10°- 107 |Affects both terrestrial and aquatic resources
Sedimentation 1-10* 10-10° [Spatially variable, episodic
Channel avulsion 1-500 10-10° |Limited in UMR - island-braided plan form
'Waves, sediment resuspension, and erosion <1 10-10° |Occurs throughout UMRS in areas with >fetch
Fire 10 - 100 10-10* |Largely controlled
Ice 1-5 10* - 10° |Common in northern reaches of UMRS
Tree wind-throw 1-500 1-10° |Increased by effects of impoundment
Log jams and debris piles 1-10° 1-10° |Occur throughout the UMRS, mainly at inlets
Beavers, floodplain impoundments 10 - 100 1-10° |Common throughout UMRS
Herbivores 1 1-10° Many herbivores - large mammals now scarce
Anthropogenic
River regulation Continuous 10’ Headwaters reservoirs, main stem dams
Impoundment Continuous 10° Extensive floodplain inundated by nav. dams
Dredging, material placement 1 10° Occurs throughout the UMRS, less than past
Channel training structures Continuous 10° Most built prior to impoundment, some new
Commercial navigation traffic Continuous 10° Traffic greater in southern reaches of UMRS
Recreational boat traffic Continuous 10° Traffic greater in northern reaches of UMRS
Levees Continuous 10° Most levees in southern reaches of UMR, IR
Agriculture Continuous 10 Most ag. use in southern reaches of UMR, IR
Logging Occasional 10° Present logging of floodplain forest limited
Urban development Continuous 10° Present development along UMRS limited
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Table 4. Continued.

Mining Occasional 10* Some sand/gravel mining ongoing
Parasites and disease Continuous 10’ Many introduced pathogens (e.g., Dutch elm)
Exotic species Continuous 10’ Many introduced species (L. Michigan -> IR)
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an annual flood pulse that inundates floodplains and transports terrestrial plant energy to the
aquatic system and nutrients from the river to floodplain soils increases productivity in warmer
climates. Many fish species have evolved to make use of the seasonally available habitats in
floodplain rivers. Plant communities are distributed within the floodplain in relation to their
tolerance of flooding and soil drainage patterns. The seasonal timing and duration of floods are
important factors. Short floods may not provide time for fish spawning on the floodplain. Long
floods may kill intolerant or moderately tolerant plant communities, resetting vegetation
succession. Early spring flooding will not benefit fish if they are not ready to spawn. Early
floods that convey pan ice can be very destructive to riparian vegetation, and serve to set back
vegetation succession. Late summer flooding may prevent plant germination or drown growing
plants. The volume of a flood is important because a small flood will limit the exchange of
nutrients and organisms. Large floods inundate high elevation plant communities not well
adapted to flooding.

The volume of water and sediment in rivers is dependent on regional climate, a factor that has
changed throughout the post-glacial history of the UMRS. Massive clear-water floods from
glacial lakes carved the river valleys and then huge quantities of gravel and sand were delivered
as glaciers melted and flow diminished. Modern flows are not sufficient to mobilize glacial
sediments that were deposited in the main stem river valleys. Sediment delivered from tributaries
continues to accumulate in the UMRS floodplains, resulting in a system that is generally
aggrading (Fremling and Claflin 1984, Sparks 1984, Knox 1989). Knox (1993) described a warm
climate period between 5,500 and 3,300 years ago that corresponded with 15% less precipitation
and flood stages 20 to 30% lower than modern floods. The warm period was followed by a shift
to cooler and moister conditions approximating modern values. The cool period was accompanied
by the occurrence of very large floods approximating the modern 500-year flood. Knox (1993)
concludes that these variations in river flow were caused by very small changes in climate, a
change of 1 to 2 degrees Celsius mean annual air temperature and a mean annual precipitation
change of 15 to 20 percent. Examining the historical stream gage record, Knox (in WEST 2000)
also noted changes in the distribution of maximum floods corresponding to climatic variations.
He showed that the magnitude of the 50-year flood was 40 to 47% smaller during the period
between 1896 and 1949, and that larger floods were associated with earlier and later years within
that period. Extreme floods were especially likely when one wet year is followed by another wet
year, as occurred in 1993. Knox (in WEST 2000) notes an anomaly in the present era. Although
our climate has warmed over the last 100 years, the occurrence of large floods has increased.
Also, river discharge during winter has increased. He speculates this may be coincidental with
increased precipitation in the basin or rapid warming and the forcing of unstable atmospheric
circulation regimes. The historic evidence presented, coupled with evidence of recent rapid
global warming, Knox suggests, raises the need to better understand the mechanisms underlying
climate and stream flow.

The pre-dam hydrologic record for the Mississippi River above the confluence of the Missouri
River exhibited a seasonal pattern of spring flooding, followed by summer low flows, usually a
slight rise in the fall, and low winter flows. The Illinois River and the Mississippi below the
Missouri River rose and fell gradually through the winter and early spring, dropping through the
summer, and with low flow occurring in the fall (Grubaugh and Anderson 1988, Theiling 1996,
Sparks et al. 1998). Knox (1984) examined the long term historic record at gauges along the
length of the river and identified approximate 11 year cycles of increasing discharge followed by
extreme droughts (Table 4; Figure 7). Perry (1994) correlates the cycle with total solar irradiance
as it affects tropical ocean temperature anomalies and 5-year time lagged influences on the
position
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Figure 7. Daily discharge records at Winona, Minnesota (lower line), Alton, Illinois (middle
line), and Thebes Illinois (top line) show approximately decadal fluctuations in high
and low flow, an increase in discharge over the last 60 years, and an increase in the

frequency and amplitude of multiyear fluctuation in recent decades (also reported by
Knox 1984).

of the jet stream. A trend of gradually increasing discharge and an increase in the frequency and
amplitude of multi-year fluctuations was also apparent. Over the last 75 years Mississippi River
discharge has been increasing coincident with increasing precipitation in the basin, and large
floods are more common (Knox in West 2000).

In addition to the potential effects of human activities on climate in the UMRS basin, a variety of
human activities have affected the UMRS floods and the hydrologic regime. Land use in the
basin, wetland drainage, and channelization of tributaries has accelerated routing of tributary
flows to the main stem river, contributing to flood peaks. Storage of spring runoff in headwaters
reservoirs has only slightly attenuated peak floods on the northern main stem UMR. The large

capacity of the Missouri River reservoirs has greatly attenuated flood peaks on the UMR below
the Missouri River confluence.

Navigation dams do not significantly affect flood stages because the dam gates are raised from
the river at moderate river stages. At low to moderate levels of river discharge, the navigation
dams impound water over extensive areas of river floodplain, changing t