OpenRiver
Cal Fremling Papers

Cal Fremling Archive

1960

Ecological history of the Upper Mississippi River
Cal R. Fremling
Winona State University

Follow this and additional works at: https://openriver.winona.edu/calfremlingpapers

Recommended Citation
Fremling, Cal R., "Ecological history of the Upper Mississippi River" (1960). Cal Fremling Papers. 37.
https://openriver.winona.edu/calfremlingpapers/37

This Book is brought to you for free and open access by the Cal Fremling Archive at OpenRiver. It has been
accepted for inclusion in Cal Fremling Papers by an authorized administrator of OpenRiver. For more information,
please contact klarson@winona.edu.

"Lc

Il.oe^,oi3t

ECOLOGICAL HISTORY OF THE UPPER
MISSISSIPPI RIVER
Calvin R. Fremling
Department of Biology
Winona State University
Winona, Minnesota 55987
Thomas O. Ciaflin
River Studies Center
University of Wisconsin-La Crosse
La Crosse, Wisconsin 54601

INTRODUCTION
The purposes of this paper are to introduce the reader
to the Upper Mississippi River and to provide a setting for
the technical chapters that follow. The Mississippi River
has been a vital link in the exploration, colonization, and
development of the United States, and during the past 150
years it has been particularly important in the transport
of commercial cargoes. In this regard, the Mississippi has
been one of the great experiments in river management. Most
of the wild, natural Upper Mississippi of the early 1800s
has been converted^ through a series of navigation
improvement measures, into today's "tamed" river, which
consists of a series of reservoirs controlled for navigation
by the U.S. Army Corps of Engineers. The Mississippi is the
largest river in the United States. It flows 2319 miles
(3732 km) from its source at Lake Itasca in northern
Minnesota to the Culf of Mexico. The Mississippi and its
tributaries drain 41% of the contiguous United States. The
river is commonly delineated into the Lower Mississippi,
which extends from the Gulf of Mexico northward to the mouth
of the Ohio River at Cairo, Illinois, and the Upper
Mississippi, which extends northward from Cairo to its
source in northern Minnesota (Figure 1). In this chapter,
primary emphasis will be placed on the segment of the Upper
Mississippi extending from St. Louis, Missouri, to
Minneapolis, Minnesota. This 670-mi (1078 km) segment
contains the 29 locks and dams operated by the U.S. Army
Corps of Engineers as part of the 9-Foot Navigation Channel
Project. The stream-like segment of the river north of
Minneapolis and the unimpounded segment below St. Louis will
not be discussed here because they are limnologically
distinct from the rest of the Upper Mississippi.
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Figure 1.

The Upper Mississippi River and its major
tributaries.

GEOLOGY
During the Early Paleozoic Era (about 400 to 600
million years ago) the ancient Precambrian crust of most of

the raid-continent was depressed sufficiently to allow the
invasion of shallow marine seas [1]. Their sediments
ultimately formed the sedimentary rocks (e.g., dolomite,
sandstone, shale) that dominate most of the region. Because
such rocks are relatively soft, the Mississippi and its
tributaries were able to carve deep valleys into the land as
the sedimentary strata consolidated and slowly uplifted in
some areas to elevations greater than 1300 ft (395 m) above
sea level. About two million years ago, continental
glaciers developed in the North American Arctic, moved
southward and modified the land. There were at least four
major phases of glacial advance separated by warm
interglacial periods during the Pleistocene. The earliest
advances, which extended as far south as southern Illinois,
caused displacement of river beds and consequently forced
the Mississippi to periodically occupy portions of the Iowa
and Illinois river beds [1]. During the most recent
(Wisconsin) advance, glacial ice to the west of the
Mississippi extended only as far south as central Iowa, ice
to the east of the river extended only to central Illinois.
A unique area of southeastern Minnesota, southwestern
Wisconsin, and northeastern Iowa was virtually unglaciated.
The dolomite cliffs in this area remain unscathed [1,2].
This area is commonly referred to as the Driftless Area.
Extensive alluvial terraces now flank the Upper Mississippi
through much of the region. They provide evidence that the
valley floor was elevated about 120 ra above its present
level during earlier stages of Wisconsin glaciation. During
that time glacial tributaries brought in sediment faster
than the Glacial Mississippi could remove it [3]. As the
Wisconsin ice sheet melted northward, its meltwaters
profoundly impacted the Mississippi Valley. Major glacial
tributaries included the Glacial Minnesota River that
drained Glacial Lake Agassiz, the Glacial St. Croix that
drained Glacial Lake Superior, and the Glacial Illinois that
drained Glacial Lake Michigan. These combined torrents
enlarged the Mississippi Valley and trenched it 200 ft
(70 m) deeper than its present level in many areas. The
valley floor subsequently aggraded to its present level
during postglacial channel adjustments [1].
It is apparent that there have been several episodes of
flushing and partial filling within the valley of the
Mississippi. At the present time, many tributaries (e.g.,
the Chippewa) flow through extensive deposits of glacial
alluvium that stand poised and ready to wash into the
Mississippi (Figure 2). The tributaries of the Mississippi
have steeper gradients than the master stream, and they now
deliver sediments faster than the Mississippi can remove
them; thus, the valley floor is slowly aggrading once more.
The agricultural activities of man in the watershed and

construction projects on the river floodplain have
accelerated this process.

EARLY HISTORY
The Mississippi played a major role in the exploration
and colonization of the mid-continent and in the westward
expansion of the United States. The first incursion into
the Upper Mississippi Valley by Caucasians occurred in 1673,
when the Jesuit Louis Joliet journeyed westward to explore
the Mississippi River and to chart a route to the south sea.
Joliet and his party left the Straits of Mackinac by canoe
and traversed the shoreline of Lake Michigan to Green Bay.
From there they ascended the Fox River, portaged, and
descended the Wisconsin River to the Mississippi. After
floating down the Mississippi to the mouth of the Arkansas
River, they concluded that the Mississippi flowed into the
Gulf of Mexico and not the Pacific Ocean [4]. Early French
explorers journeyed to the Mississippi River headwaters
either by ascending the Mississippi River or by traveling
overland from Lake Superior [4]. These efforts extended the
French influence beyond the Mississippi River and stimulated
the establishment of a series of trading posts along the
course of the river. More important, however, was the
knowledge that the river was navigable along its entire
course. This characteristic was responsible for the
attraction of a large number of settlers and adventurers
during the 1700s. Subsequent population growth was rapid,
and trade routes became firmly established from Lake
Superior (near present-day Duluth, Minnesota) via the
St. Louis River to the headwaters of the Mississippi. The
northern route was linked by the Minnesota River to the Red
River of the North and ultimately westward to the Missouri
River. The more southerly route that extended from Lake
Michigan through Wisconsin via the Fox-Wisconsin Rivers to
the Mississippi, attracted even more traders. These early
incursions set the stage for the settlement of the river
basin. Increased demand for river resources ultimately led
to the river management practices that occurred in the
1800s.

THE RIVER FROM 1800 TO 1935
The U.S. Army Corps of Engineers began extensive
surveys of the Upper Mississippi in the early 19th century
(Zebulon Pike in 1805 and Stephen Long in 1817) [5]. In
1823, the steamboat Virginia reached St. Paul, Minnesota,
and marked the beginning of a new era for the Mississippi.

Steamboats made it possible for people to travel to the
frontier without bearing the hardships that early explorers
had experienced. The Corps of Engineers began to improve
navigation on the river in 1824 by removing snags and
sandbars, by excavating rock, to eliminate rapids, and by
closing off sloughs to confine flows to the main channel.
These early channel improvements, however modest, enabled
large numbers of shallow draft steamboats to use the river
and its tributaries as water highways to the sea. By the
1870s, hundreds of steamboats regularly navigated the Upper
Mississippi. Settlements along the river grew in number and
population. The discovery of the vast white pine (Pinus
stvobus) forests in northwestern Wisconsin and northeastern
Minnesota went unheralded for many years, but increases in
demand for lumber were stimulated by the rapidly growing
downstream cities and by the building of farmsteads on the
prairies. By means of the St. Croix, Chippewa, Black,
Wisconsin, and smaller Wisconsin rivers, rafts of sawlogs
were floated downstream to sawmills in Winona, Minnesota;
La Crosse, Wisconsin; Clinton, Iowa; and Rock Island,
Illinois (Figure 3). During the peak of the lumbering
period in the late 1800s, there were more than 80 sawmills
located on the Upper Mississippi River and about 120 located
on tributary streams [6]. Increased human activity in the
watershed had significant impacts on the river. Removal of
pine forests by clearcutting disrupted the stability of
soils and sediments that had been held in place only by
dense vegetative cover. In addition, early settlers
stimulated erosional processes by plowing and grazing the
prairies and by practicing steepland agriculture. These
early activities, in the absence of modern land-use
practices, will be shown to have serious detrimental effects
on the river system 100-yr later.

The 4^- and 6-Foot Channel Projects
The Rivers and Harbors Acts of June 18, 1878, and
September 19, 1890, provided funds to the U.S. Army Corps of
Engineers for widening and deepening the channel of the
Mississippi River between Minneapolis and the mouth of the
Ohio River. Channel depth was increased to 4 1/2 ft and
channel width was increased by constructing wing dams and
revetments, by the closing of side-chutes and back, channels,
and by dredging. The wing dams were constructed of rock and
brush (Figure 4) and extended outward like rock piers from
the shore at right angles to the main channel of the river.
Consequently, they diverted the river into a single narrow
channel during low flow periods, forcing the river to deepen
its channel by scouring action. The Rivers and Harbors Act
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of March 2, 1907, authorized the deepening of the existing
4 1/2-ft channel to 6 ft (1.8 m) from the mouth of the
Missouri River to Minneapolis. This was accomplished by
constructing additional wing dams and shore protection and
by additional dredging. Thus, the extreme channelization
that was begun in 1878 was finally completed in 1912. No
further navigation improvements were completed until the
late 1930s.
The effects of man on the aquatic resources of the
Mississippi River were recognized as early as 1870 [7], when
it was observed that the fishery resources in the river
system were rapidly declining. In 1871, the Congress
established the Office of the United States Commissioner of
Fish and Fisheries. Within four years, the states of Iowa,
Minnesota, Wisconsin, and Missouri had established their own
Fish Commissions. The activities of these groups basically
fell into two categories, fish stocking and fish rescue.
Early alterations in the watershed had resulted in a
drastic decrease in its water storage capacity.
Consequently, fluctuations in runoff were magnified and
spawning fishes were often stranded in backwater areas as
river levels receded in early summer. The U.S. Fish
Commission began rescue operations in 1889, and 35 fish
rescue stations had been established on the Mississippi
River in Minnesota, Wisconsin, Iowa, and Illinois by 1923
[7 j. Fish rescue operations declined substantially after
1925, but were continued until the 1950s at a few locations.
A pearl button industry, which originated in
Muscatine, Iowa (1891), flourished concurrently with fish
rescue operations. The clam fishery rapidly expanded
northward and southward to supply pearl button factories at
several cities along the river. These cities included
Wabasha, Minnesota, Muscatine, Iowa; Keokuk, Iowa; and
Canton, Illinois. The clam beds were, however, depleted in
a few years in most areas. For example, beds near New
Boston, Illinois, produced more than 10,000 tons of shells
between 1894 and 1897, but were then abandoned. It became
apparent that the mussel fishery was doomed unless methods
of artificial propagation could be developed. Accordingly,
the Fairport Biological Station (Iowa) was established by
the U.S. Bureau of Fisheries in 1908 [7]. Although
artificial propagation was successfully employed on a large
scale, depletion of the beds continued. Water pollution
accelerated the process, and by 1950 the few remaining
button factories were making buttons cut from shells
collected from streams in Tennessee and Arkansas. The
development of synthetic buttons in the early 1950s was
responsible for the demise of the industry.

THE RIVER SINCE 1930

The 9-Foot Channel Project
Channelization projects prior to 1930 employed wing and
closing dams, shore protection, and auxiliary dredging over
other methods of maintaining the navigation channel. These
methods were not only less costly, but they also permitted
open-channel navigation, which was preferred by those who
ran log rafts and packet boats. The short-lived logging
boom began in 1875, hit its peak in 1892, and was over in
1915, when the last remnants of Wisconsin lumber were rafted
down the Mississippi. Traffic by 6-ft draft steamboats also
decreased rapidly because these obsolete craft could not
compete with the rapidly expanding railroads. For these
reasons and to provide work for the unemployed during the
great economic depression of the 1930s, the Rivers and
Harbors Act of July 3, 1930, authorized a 9-ft navigation
channel with a minimum width of 400 ft (121 m) to
accommodate long-haul, multiple-barge tows. This was
achieved by the construction of a system of locks and dams
and was supplemented by dredging. Most of the resultant 29
locks and dams were constructed during the 1930s (Figure 5).
An exception is Lock and Dam 19 at Keokuk, Iowa, which was
constructed as part of a hydroelectric facility in 1914. An
1100-ft (335 m) lock was added at Keokuk in 1958. The
southernmost lock and dam on the Mississippi is the
Chain-of-Rocks facility at St. Louis, Missouri.
The navigation locks and dams are operated and
maintained by the U.S. Army Corps of Engineers. The U.S.
Coast Guard is responsible for the maintenance of the system
of navigation aids that guide modern dissel-powered towboats
as they navigate the river around the clock from early
spring until early winter. Modern towboats on the Upper
Mississippi push as many as 15 barges and can carry the
equivalent tonnage of approximately 225 rail cars. The
riverboats, once apparently doomed by the railroads, now
provide intense competition for all transporters of bulk
commodities such as coal, oil, gasoline, grain, molasses,
and fertilizers. It should be noted, however, that the
waterway is maintained with public funds.

Ecological Changes
The question of whether
ecological point of view, by
construction has been argued
navigation dams of the Upper

the river was improved, from an
channelization and lock and dam
since the late 1930s. The
Mississippi have transformed

the old free-flowing river into a series of shallow
impoundments that occupy most of the floodplain of the
river. Each impoundment consists of three distinct
ecological areas. The tailwater areas just downstream from
the dams show the river in relatively unmodified form and
are typified by deep sloughs and wooded islands (Figure 5).
The middle portions of most pools contain large open areas
with few large trees, because stands of timber were usually
cut prior to impoundment (Figure 6). The inundated
floodplain prairies and hay meadows of the mid-pool areas
now provide the best marsh habitat and are among the most
productive ecosystems of the earth. The downstream reaches
of the pools are deeper; they consist mainly of open water,
and their bottoms are heavily silted (Figure 5). Marsh
vegetation is presently creeping downstream as the pools
fill with silt. Marsh vegetation in the middle pool areas
is being replaced, in turn, by trees and other terrestrial
vegetation.
Immediate effects of impoundment included an increase
in the water surface area, a general stabilization of water
elevations within the pools, and an increase in total
aquatic production. In lower pool areas, backwaters that
had been previously intermittently flooded were transformed
into permanent lakes. Most of the old wing dams and closing
dams are now scarcely visible because they have been covered
by the waters of the navigation pools. Most wing dams are
still functional, however, and they provide rocky
corrugations of the river bottom. In effect, they have
increased the total surface area of the river bottom. This,
in turn, has increased the carrying capacity of the river
for invertebrates and periphyton.

Changes in Fish Resources
The closure of the dams and the resultant inundation of
the floodplain created vast new areas of high quality fish
habitat. Furthermore, the stabilization of water levels
generally improved existing habitat. A few species such as
the paddlefish ( Polyodon epathula) , which relied upon open
river habitat, were adversely affected by the creation of
lentic environments. These adverse effects, however, were
offset by the beneficial effects observed for such species
as largemouth bass ( Mievoptevue salmoides) , crappies
(Pomoxis spp.), and sunfishes ( Lepomis spp.). The result
has been the creation of a highly productive system that has
a great diversity of habitats. One hundred thirty-nine
species of fish occur regularly within the system; many of
them have great importance as sport and commercial species

[8].

Changes in Wildlife Resources
The creation of slack-water areas and marshes improved
the river corridor for furbearers and waterfowl [9].
Significant portions of the world populations of canvasback
ducks (Aythya valie-tnevta) and tundra (whistling) swans
(Cygnus aolumbianue) utilize the river for resting and
feeding during fall migrations. A large portion of the
river resource is presently contained within the Upper
Mississippi River National Wildlife and Fish Refuge and the
Mark Twain National Refuge. The U.S. Department of Interior
in cooperation with adjacent state governments is
responsible for its management.

Increased Awareness of Environmental Degradation
In general, the closure of the dams and the creation of
additional wetlands was viewed by many as a boon to the
ecology of the Mississippi River system. The years
immediately following the completion of the 9-Foot Channel
Project were very good by most standards, but long-time
river observers have become alarmed in recent years at
obvious detrimental changes, which are occurring with
increasing rapidity. Side channels have become choked with
sediments; water depths in pool areas have decreased;
aquatic plant beds have disappeared in some areas; and piles
of dredge spoil continue to grow, thus displacing marshes
(Figure 7). In general, it seems that the entire system is
deteriorating hydrologically and ecologically.
Unfortunately, the ecological changes that occurred
immediately after impoundment were not well documented. The
concern for environmental quality, as perceived today, was
not foremost in the minds of most early scientists and
laymen. In addition, water quality investigations in the
United States had concentrated on closed lake systems.
Rivers tended to be ignored. The passage of the National
Environmental Policy Act of 1969 required that governmental
agencies address the environmental impacts of the
operations and maintenance of all water-related projects.
In response to this, the U.S. Army Corps of Engineers
conducted environmental impact studies on the Upper
Mississippi [10]. These studies elucidated at least some of
the problems associated with the closure of the dams 30 yr
earlier. Most investigators now perceive the river's major
resource quality problems as being associated with shallow
reservoir dynamics.
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Figure 7.

Mid-pool section of Pool 5 showing dredge spoil
deposits along edges of the navigable channel
(U.S. Array Corps of Engineers).

Effects of Shallow Reservoir Dynamics

Sedimentation
The Mississippi River is generally considered to be a
clearwater stream with regard to sediment transport. Such
terms must be considered to be relative, however, because
the Mississippi River transports approximately 500 tons/yr
in the vicinity of St. Paul and approximately 74,300 tons/yr
at St. Louis [11J Most of the sediment load at St. Louis
is derived from the Missouri River. The closure of the
navigation locks and dams and the conversion of the open
river into a series of shallow pools have changed the
sedimentation patterns in the river. Theoretically, the

trapping efficiencies of the pools are relatively low (based
on the capacity/inflow ratios) [12 J, but most of the
reservoirs actually accumulate sediments at significantly
higher rates due to the lack of current in non-channel areas
during periods of normal flow. For example, sedimentation
rates ranged from 2.8 to 6.9 cm/yr between 1938 and 1976 in
Lake Onalaska (lower Navigation Pool No. 7) [13]. Lake
Onalaska is apparently typical of most of the Upper
Mississippi River pools. The significance of these sediment
depositions in non-channel areas lies in the relationship
between loss of depth and eutrophication processes. Loss of
depth has facilitated the encroachment of rooted aquatic
plants into open water areas. In turn, they have
accelerated sedimentation rates by retarding water flow.
The net result has been an increase in sedimentation rates,
particularly in many of the highly valued, biologically
productive areas. Furthermore, a decrease in biotic
diversity has occurred in many of these areas due to the
introduction of unstable substrata [14]. Finally, increased
sedimentation rates have contributed significantly to
eutrophication processes that also appear to be occurring at
increasing rates.

Eutrophication
Many of the wetlands created by the 9-Foot Channel
Project are located great distances from the main channel,
and water circulation through them is usually poor during
low-flow conditions. Entrapment and accumulation of
allochthonous materials occur in these areas mainly during
periods of high river discharge when surrounding landforms
are overtopped with water. This results in the accumulation
of sediments and associated nutrients and in the stimulation
of the growth of aquatic plants. Collectively, these
processes lead to increased inputs of nutrients and in
accelerated rates of eutrophication. It is clear that
nutrient recycling plays a dominant role in the
eutrophication processes [15,16]. The growth and
distribution of aquatic plants have changed significantly
during the past 30 yr as a result of wind [17,18] and/or
loss of depth [19]. Furthermore, the progression toward
hypereutrophy as a result of impoundment has resulted in the
reduction in diversity of benthic invertebrate communities
[14].

Anthropogenic Substances

The Mississippi River receives untreated and partially
treated industrial and domestic wastes along its course.
The same accumulative processes that have been responsible
for the loss of depth and increased eutr-ophication
throughout the system have been responsible for the
deposition of wastes and their associated contaminants.
Lake Pepin, for example, has been shown to be enriched with
heavy metals [20]. It is apparent that the accumulations of
these substances occur at higher rates in backwater areas
that are deemed most valuable as fish and wildlife habitats.
Furthermore, polychlorinated biphenyls (PCBs) have
accumulated in the river corridor [21]. Contamination of
Lake Pepin by PCBs necessitated the issuance of an advisory
on fish consumption and seizure of commercial fish catches
[22]. There is no question that the presence of chlorinated
hydrocarbons and heavy metals have curtailed usage of river
resources.

THE FUTURE OF THE RIVER SYSTEM
Unimpounded, open river systems possess several
characteristics that are generally considered to be
functions of river flow.
1.

2.

3.

4.

5.

They have an inate assimilative capacity; i.e., they
possess the ability to traffic energy and nutrients
through their biological systems at somewhat
predetermined rates.
Sediments are periodically flushed and rearranged during
periods of high discharge, particularly when land forms
on the floodplain are overtopped by flooding.
Sediments are commonly exposed to the atmosphere for
prolonged periods of time during periods of low flow.
This provides a mechanism whereby oxidation processes
can occur in the sediments and subsequently reduce the
biochemical oxygen demand (BOD) within the system.
Rivers and streams meander as a function of bed slope
and composition of bed material. This results in the
natural creation of new wetlands.
Rivers discharge sediments at their mouths and commonly
approach or reach an equilibrium with regard to sediment
input and discharge.

When rivers such as the Upper Mississippi are
impounded, however, their capacity to accomplish these
functions is often reduced or eliminated. In other words,
the processes that normally occur in flowing water

environments are changed to reflect those which occur in
lentic environments. Examples of these processes are listed
below.
1.

2.
3.

4.

5.

6.

Assimilative capacities become reduced, and nutrients
accumulate in excessive quantities, particularly in
non-channel areas.
Flushing of sediments during flood stages is reduced in
non-channel areas.
Water levels become stabilized and low flow conditions
occur less frequently. This retards the rate of
oxidation of high BOD sediments.
Accumulations of sediments in downstream reaches of the
pools reduce the intra-pool slope and cause meandering
processes to either be attenuated or stopped altogether.
Increased trapping efficiencies caused by the closure of
the dams result in sedimentation and concomitant
increases in rates of eutrophication within the pools.
Increased cycling of autochthonous nutrients within the
reservoirs results in the ultimate conversion of the
lake-type habitat to marsh-type wetlands. Wetlands are
often lost altogether.

These processes have been observed in the Upper
Mississippi River system and are probably responsible for
the observable decline in the general quality of the
resource. It is apparent that the value of the river
resource will continue to decline unless the inputs of
sediments, nutrients, and toxic substances are reduced or
eliminated. The most obvious result of the aforementioned
processes will be an accelerating rate of transformation of
productive wetlands to relatively unproductive floodplain
forests. If allowed to proceed unchecked, much of the
transformation may be completed in less than 50 yr
[13,17-19].
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