SEVEN

The Mississippi:
Once and Future River

The Mississippi River basin encompasses the tremendous
natural diversity of the continental United States. The
headwaters of the various subbasins spread from the Ap-
palachian Mountains of the east across the forests of the
central-northern United States and the grasslands of the
western Great Plains to the Rocky Mountains. This huge
span includes humid continental, semiarid steppe, and wet
subtropical climates. The river is the center of this drain-
age basin that encompasses 3.5 million square kilometers
and 41 percent of the contiguous forty-eight states.

Peak annual discharge averages 39,300 cubic meters per
second at Vicksburg, Mississippi. The river splits into dis-
tributary channels some kilometers farther downstream
from this point, and these combined channels discharge
an average of 580 cubic kilometers of water a year to the
Gulf of Mexico. This is the seventh largest river discharge
to the ocean, but the Mississippi is unpredictable. In 1954
the river peaked at only 19,800 cubic meters a second at
Vicksburg, whereas in 1927 it peaked at 64,000 cubic me-
ters a second. No single flood has ever encompassed the
entire Mississippi basin.

From the western half of the basin comes the sediment
that keeps the river a turbid brown. From the northern
and eastern portions comes the water. The heaviest precip-
jtation falls from spring thunderstorms triggered by warm,
humid air moving northward from the Gulf of Mexico.
But winter frontal storms and rains during summer and
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THE MISSISSIPPI: ONCE AND FUTURE RIVER

autumn contribute to totals that vary from 80 centimeters in the north-
ern part of the upper basin to 114 centimeters in southern Ilinois and
150 centimeters in parts of Tennessee.

The Upper Mississippi

The snowmelt and rainwater collect perceptibly at Minnesota’s Lake
Itasca, which is accorded the honor of being the headwaters of North
America’s largest river. Although the name Itasca sounds vaguely Na-
tive American, it was created by Henry Schoolcraft when he traced the
Mississippi upstream to the small lake in 1832 as part of an expedi-
tion by the U.S. War Department. Itasca comes from the Latin veritas
caput, “true head.” Despite Schoolcraft’s assertion, others quibble that
the true head of the river is at Little Elk Lake, eight kilometers above
Itasca. And then there are those who argue that the headwaters of the
Mississippi’s tributary, the Missouri, having the longest journey down
to the Gulf, should be considered the source.

Average velocity along much of the Mississippi’s length is five to
seven kilometers an hour, about the pace of a fast walk. Despite this
seemingly unimpressive rate of flow, it takes only a little more than
thirty days for the average drop of water to travel from Lake Itasca to
the Gulf of Mexico. Along this four thousand kilometer trip more than
250 tributary rivers add their waters to the main channel, speeding the
water drop on its way.

The placid waters of Lake Itasca overflow across a bouldery sill to
begin their downstream journey as the Mississippi River. The narrow
stream channel winds slightly as it moves north and then east across
a lightly populated landscape covered with bogs and spruce forests.
The eight hundred kilometer headwaters portion of the river descends
200 meters from an elevation of 440 meters above sea level at Itasca’s
outlet to St. Anthony Falls. Natural falls and rapids, and nine glacially
formed lakes, punctuate this headwaters portion of the river. Beyond
Itasca, the river grows more sinuous as the valley widens. Small rapids
separate wetlands dotted with beaver lodges, cranberry bogs, and beds
of wild rice from natural lakes and artificial impoundments.

The river follows a circuitous course through greater and lesser
lakes—Bemidji, Cass, Winnibigoshish—slowly changing course toward
the southeast. The headwaters portion is so sinuous that a third of the
river’s entire length is in Minnesota. Seen from the sky, the viewpoint
of millions of migratory waterfowl, this portion of the river basin is a
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beyond the ice front deposited sand and gravel across broad plains.
Huge chunks of ice left behind as the glacier receded were buried and
insulated by this sediment, so that when they finally melted, the over-
lying sediment collapsed into the resulting depression to create a kettle
lake. The history of glacial deposition can be traced in the modern bed
of the Mississippi as the river flows alternately over boulders, bedrock,
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more slowly than the ice sheet melted, so that for a time the land

s We@a 5 y : Z mud, and sand.
%, . 7 Ve Along much of the ice front, the melting ice simply dumped sedi-
& B i . ment in long lobes called moraines. The depressed Earth rebounded
4

sloped back toward the center of the ice, allowing the moraines to ef-
fectively trap enormous volumes of water melting from the ice sheet.
The retreat of the most recent ice sheet blocked its own drainage into
Hudson Bay, creating Lake Agassiz. This lake, hundreds of kilometers
wide and nearly sixteen hundred kilometers long from northwest to
southeast, episodically overflowed into the Glacial River Warren. River

Misslssippi River at
Thebes, liinois

KiNew Orleans

Monthy mean discharge

Guilf of Mexico

Warren cut the valleys now occupied by the Minnesota River and the
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5; Mississippi below the Minnesota’s mouth at the southern end of the
§ Minneapolis—St. Paul metropolitan area. The Lake Agassiz overflows
§ produced floods two to ten times the size of the 1993 flood.

%i The Mississippi first appeared about five hundred thousand years
2

71 Location map for the Mississippi River drainage basin (shaded), with principal tributaries
and cities labeled. Inset figure shows a sample hydrograph with the .aver.age monthly
flow at Thebes, lllinois, just upstream from the junction with the Ohio River.

ago, cutting a valley into sedimentary rocks as it flowed along the edges
of an earlier ice sheet. The river system persisted through an intergla-
cial period and then was partially overwhelmed by the most recent ice
sheet, which formed Lake Agassiz as it began to retreat. Each overflow
from Agassiz into the River Warren sent such a pulse of cold freshwater
down to the Gulf of Mexico that isotope contents of marine sediments
clearly record the influx. As the ice sheet retreated back into Canada,
the Great Lakes, the Hudson River, and the St. Lawrence River were
progressively uncovered, and some of the meltwater began to flow into
the North Atlantic Ocean through these alternative routes. So much
freshwater flowed into the North Atlantic that scientists believe it tem-
porarily shut down the Great Ocean Conveyor Belt that modulates cli-
mate in the higher latitudes.

The meltwater of the great ice sheets has long since drained back
to the oceans to resume its endless cycling between ocean, land, and
atmosphere. But the irregular topography and poorly drained soils left
by the ice sheets still store the precipitation that falls west and south of
diment. the Great Lakes, releasing the water slowly into springs and rivers that
ged the ultimately feed the Mississippi.

green-and-blue mosaic of wetlands, mixed conifer and deciduous .for-
ests, grasslands, and thousands of ponds and small 1§kes. The blue river
moves sinuously across this mosaic, as though aiming to touch every
watery depression along its route. .

These depressions are an inheritance of the enormous continental
ice sheets that advanced and retreated four times during the past two
million years. Unlike the headwaters of most great 'rivs.ars, no moun-
tains create precipitous slopes that rush the Mississippi onward. T he
last great geologic force shaping this landscape was the final advance of
the continental ice sheet, which reached its farthest southward extent
about fourteen thousand years ago. Fach time an ice sheet nearly tw?
kilometers thick flowed southward, its great weight depressed Earth.s
crust. Meltwater ponded beneath the massive ice, breaking out peri-
odically in catastrophic floods that sculpted the landscape so tho;—
oughly that their routes can still be traced today. Some of these floo i
discharged volumes of water comparable to the 1993 flood, the larges
flood ever recorded on the Upper Mississippi.

When it retreated, the ice released massive quantities of se
Rivers of meltwater flowing beneath the ice sometimes arran
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The first Europeans to reach this region were French fur trappers
seeking to profit from the abundant beavers. Driven by commerce and
curiosity, the coureurs de bois, “runners of the woods,” explored mucl.l of
the upper watershed and main channel within a period of o.nly thirty
years between the 1650s and 1680s. Britons and then Ame?rlcafls sub-
sequently dominated the fur trade in the Upper Mississippi regl.on.- By
the late 1800s, the original beaver population of the Mississippi River
basin, estimated at ten to forty million animals, was nearly gone. Re-
moval of millions of beavers, and the dams they built, likely reduced
local overbank flooding and the extent of wetlands in the upper basin,
making it that much easier for loggers and farmers to follow the fur
trappers.

The fur trade moved west into the Rocky Mountains as the beavers
were trapped out of the northern Midwest and the Uppet Mississippi
basin, and people began to look about for the next resource that could
be exploited. Commercial logging began in the 1820s, subsequently
aided by rapid expansion of the railroad network. Numerous c'ommer-
cial sawmills competed for the wood coming down the river in great
lumber rafts as large as 1.2 to 1.6 hectares. As historian R. D. Tweet
wrote, “Down this river, between 1835 and 1915, came virtually every
usable white pine log in the states of Minnesota and Wisconsin.” Some
of the earliest engineering modifications to the Upper Mississippi were
undertaken in connection with log floating. Wing dams of piled stone
constricted the channel and prevented the logs from spreading out
across the floodplains or into secondary channels. Naturally occurring
snags and other obstacles were blasted or dredged. Like the removal .of
beavers, these changes reduced the extent of flooding and wetlands in
the valley bottoms.

Farmers quickly moved in, although diversified farming Was .only
marginally successful in the cutover areas of the Upper Mississippi wa-
tershed during the nineteenth and early twentieth centuries. Today the
primary regional industries continue to be logging and farming, as well
as recreation. Farming becomes more widespread downstream, and the
river picks up progressively more sediment along its route as erodible
croplands replace stable forested lands. These effects were even mote
dramatic in the recent past. Increasing deforestation and agriculture
in the upper portion of the Mississippi drainage during the r.ﬂneteenth
and early twentieth century produced so much excess sediment ‘.d.lat
rivers and streams throughout the drainage lost some of their ability
to convey water downstream as channels clogged up. Combined with
decreased infiltration capacity and increased runoff from the denuded

178

THE MISSISSIPPI: ONCE AND FUTURE RIVER

slopes, these changes produced larger floods in many of the drainages
tributary to the Mississippi. (Knowledge of these changes helped to
fuel the argument that deforestation in the Himalaya might exacerbate
flooding lower in the Ganges.) Flooding, erosion, and sediment deposi-
tion on floodplains have all decreased since the mid-twentieth century
in response to better land conservation practices, but the Mississippi
today has already taken on its trademark muddy brown as it flows into
Minneapolis and St. Paul, Minnesota.

The twin cities lie well up the Mississippi River basin, nearly forty-
two hundred kilometers upstream from the river’s mouth at the Gulf
of Mexico. Yet the river is already impressively large thanks to the
consistent rain and snow of the uppermost basin. Here the Mississippi
becomes, briefly, an urban river. Concrete and stone riprap lines the
rigidly channelized banks. Roads and railways crowd the banks, and
storm sewers drain contaminants into the brown water.

The Twin Cities metropolitan area is one of the principal sources of
heavy metals such as lead and mercury, insecticides, and polychlori-
nated biphenyls (PCBs) in the Upper Mississippi. Although improved
municipal water treatment and changes in industrial practices have re-
duced levels of mercury and lead since the 1970s, other contaminants
such as PCBs remain widely distributed. PCBs are a very stable group
of industrial chemicals that leach into the river primarily from urban
and industrial areas. They were used for electrical transformers and
capacitors, among other things, until banned in the United States in
1979. When the U.S. Geological Survey studied contaminants in the
Mississippi River during 1987-92, they found PCBs in almost every silt
sample taken throughout the river basin. Survey scientists found com-
parable PCB concentrations in the tissues of catfish. Most of the PCBs
moving insidiously through the Mississippi River drainage are attached
to clay and silt particles. Where clay and silt settle out of suspension in
backwaters or on the floodplain, the PCBs settle with them and become
concentrated. PCBs entering the Mississippi from St. Paul and Minne-
apolis ride downstream on silt and clay particles until the sediment is

mostly trapped and stored in Lake Pepin. Concentrations of contami-
nants are generally smaller just downstream from the lake and remain
so until the entry point of the next contaminant source.

PCBs are linked to birth defects, reproductive failure, liver damage,
tumors, a wasting syndrome, and death, both in humans and in other
living creatures. These contaminants bioaccumulate within an organ-
ism and biomagnify as organisms pass on their accumulated doses
through the food web. Invertebrates that ingest sediment to get at the
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bits of organic detritus mixed in with the silt and clay inges.t PCBs and
other contaminants as well, then pass them up the food chain. Bec.ause
PCBs are very stable and slow t0 chemically degrade under environ-
mental conditions, they accumulate in the environment. .

Pollution-sensitive mayflies disappeared from parts of the M?s.51551pp1
by 1927, including the stretch downstream from .'the Twin C?tles and
Lake Pepin, then reappeared by 1984 as water quality began to 1mpr9ve.
In areas that remain too polluted, mayflies are replaced b§.7 pollut1(?n-
tolerant organisms such as midges. In Immortal River, .Calvm Fremhpg
compares Hexagenia mayflies to canaries in a coal mine. Just as min-
ers used the sensitive canaries to detect poisonous, odorless gases, so
the distribution of mayflies along rivers reflects the distribution of con-
taminants. Burrowing mayfly nymphs live in sediments whe_re con-
taminants can accumulate. The mayflies cannot swim long distances
to escape environmental stress from toxins in the sediment or fror.n 10‘./\7
oxygen levels, s0 although their presence does not mean that the nver‘ is
unpolluted, it does indicate that some minimum level of water quality
has been maintained for the mayfly’s life span of up to a year. ’

When they are present, mayflies efficiently convert orgar.uc m_uck
on the streambed into their own adult bodies, which provide high-
quality food for fish and birds. The bottom-feeding mayfly nymphs
unfortunately also concentrate organochlorine compounds and heavy
metals that predators ingest with the nymphs. Digging by. nymphs can
also resuspend contaminants that might otherwise remain sggregated
in streambed sediments. Mayfly nymphs might not sogn@ ll.ke a par-
ticularly disruptive force in a tiver the size of the Mississippl, but t.he
sheer number of insects makes their burrowing significant: as mayflies
returned to the waters of Lake Erie, Hexagenia adults formed clouds
twenty-three kilometers long and over six kilometers wide that were
observed on Doppler radar.

Downstream from the twin cities, the Mississippi winds among a
maze of loosely woven channels, islands, and wetlands. Low buff cliffs
of crumbling sandstone, shale, and limestone represent the great a_n—
cient oceans and sedimentary basins characteristic of the upper Mid-
west. The river has carved a broad, flat valley among the bluffs and
ridges of the undulating uplands, and the wetlands and sloughs record
the meandering passage of the river through time. .

By the time it reaches Red Wing, Minnesota, the river has flowed
80 kilometers southeast and passed through two lock and dam com-
plexes. Today the Upper Mississippi drops only eighty meters along the
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3,170 kilometers of its course between St. Anthony Falls and its junction
with the Missouri. Like much of the Danube, the Upper Mississippi is
a tamed river, moving in measured lockstep between the twenty-nine
locks and dams along these 3,170 kilometers. On a global compilation
of intensity of flow regulation, the Mississippi basin is colored a vivid
red for strongly impacted. .

Like many place-names along the river, Red Wing derives from Na-
tive American inhabitants. In many cases the language of indigenous
peoples as reflected in place-names is all that now remains of their tra-
ditional culture. “Mississippi” comes from a native language. Some au-
thors trace the name’s origin to a Chippewa word meaning Father of Wa-
ters, whereas others trace it to an Ojibwa word meaning Big River. Of the
ten states bordering the Mississippi, only Louisiana (named for France’s
Louis XIV) does not take its name from a Native American word.

Scattered roads, farm fields, and houses lie superimposed on the var-
ied landforms created by the Mississippi across the bottomlands around
Red Wing. Like the Amazon today, the Mississippi historically had large
tracts of seasonally flooded forest. A wide variety of organisms used
these forests: migrating or seasonal birds such as the North American
wood duck (Aix sponsa), fish such as black bullheads (Ictalurus melas) or
orangespotted sunfish (Lepomis gibbosus), Blanding’s turtles (Emydoidea
blandingii) and other reptiles, amphibians including the amphiuma,
a salamander a meter or more long, and invertebrates that scientists
may not yet have even identified. Early travelers describe catfish big
enough to overturn a canoe and flocks of waterfowl darkening the sky
as they passed. Big floods coming through at intervals recontoured
the riverbanks, ripping out mature trees and leaving fresh sediment in

which seedlings could germinate, creating a continually changing for-
est with age and species composition structured by the dynamics of the
big river. More than 80 percent of the floodplain is still connected to
the river along the Upper Mississippi between the headwaters and the
junction with the Ohio River, although much of the floodplain forest
has been cleared. The riverbanks remain thickly wooded, but in many
places the trees form only a fringe, with cleared lands beyond.
Environmental historians debate how extensive the forests of the
northeastern quarter of the United States once were. The old adage that
a squirrel could travel from the Atlantic coast to the edge of the central
prairies without touching the ground has been called into question by
research indicating that Native Americans used fire extensively to cre-
ate more open, parklike woodlands favored by game such as deer. Some
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72 Riverbank vegetation and wetlands along the upper Mississi;?pi. Here a thi.n fnné;e of
shrubs and trees separates the main channel from a floc.)dplaln wetland, with a egser
forest beyond. Although less common today, this mosaic of bot‘tomland forest an
wetlands once extended for hundreds of kilometers along the river.

of this research relies on pollen and sediment deposited in lakes, Sf)me
uses historical accounts. The Englishman Jonathan Carver descr.lbed
intermixed stretches of prairie along the Mississippi between tl.le junc-
tion of the Wisconsin River and Lake Pepin during his trave.ﬂs in 1766.
7ebulon Pike also described prairies with groves of fire-resistant trees
such as bur oak (Quercus macrocarpa) during his 1805 journey upstream
from St. Louis, as did Henry Schoolcraft in 1820 (Pike 1810; Schoolcraft
1953). Forests of more fire-sensitive trees such as suga'r maple (Acer sa.c-
charum) grew in deep, moist valleys and on north-facing slopes: A mix
of fire-resistant and fire-sensitive trees grew along the. ﬂoodp'lalns. Re-
gardless of the local density of the Upper Mississippi R.1ver basin for.ests,
the forests supplied plentiful wood to the river, creating large logjams

that enhanced overbank flooding, as well as the partly buried logs that

snagged and sometimes sank passing boats.

Navigation on the big river and many of its tributaries was notori-
ously difficult during the first decades of the nineteenth century. Navé
igators had to thread their way among numerous side channels an
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backwaters where the river split around hundreds of natural islands.
In summer, low flows and shifting sandbars limited depth even in the
main channel. Logs partially anchored in the streambed formed ob-
stacles that could rip the hull out of a large steamboat. Charles Dickens
penned a particularly vivid description of these snags during his steam-
boat trip in the early 1840s. “[The Mississippi] running liquid mud, six
miles an hour: its strong and frothy current choked and obstructed ev-
erywhere by huge logs and whole forest trees: now twining themselves
together in great rafts . . . now rolling past like monstrous bodies, their
tangled roots showing like matted hair; now glancing singly by like gi-
ant leeches; and now writhing round and round in the vortex of some
small whirlpool, like wounded snakes.”

Dead trees floating down the river might snag on a sandbar or a
bend of the channel, forming a larger obstacle that snagged more wood
floating downstream. These logjams grew to formidable size and would
quickly reform once they were cleared. Logjams were ubiquitous on the
Mississippi’s tributaries from the upper Ohio River, where John Bruce
began removing snags in 1825, to the Red and Atchafalaya rivers in
Louisiana. When first described in 1803, the Atchafalaya was choked
with logs that prevented boatmen from following the river’s shorter
course to the Gulf of Mexico. Repeated efforts to clear the channel
starting in 1812 produced only temporary navigation access. One enoi-
mous logjam nearly 170 kilometers long on the Red River withstood
repeated attempts at clearing, despite a six-year effort during the 1830s
by Henry Shreve, a steamboat captain who invented a steam-powered
“snag machine” that speeded up the laborious process of removing
tangled masses of logs from the river. Shreve’s long effort temporarily
cleared the jam, which then reformed and persisted until the 1850s.
The logs blocking navigation along the Atchafalaya finally were thor-
oughly removed in 1880.

The big logjams did more than impede navigation. By also imped-
ing the downstream movement of floodwaters, they helped to sustain
extensive floodplain wetlands that supported a wealth of plants and
animals throughout the Mississippi River drainage. Once the logjams
were removed, floodwaters spilled out of the riverbanks less frequently
and for shorter periods, and the extent of wetland vegetation shrank.
In places the energetic floodwaters enlarged the river channels. Once
the jams were removed, animals ranging from fish to wading birds
lost some of their quiet-water habitat. The combined effects of beaver
trapping, modifying channels for log floating, and removing logjams
tended to reduce the complexity and flooding of the bottomlands, thus
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lessening the amount and diversity of habitat available to a wide vari-
ety of species.

shackles for a Giant

Beyond Red Wing, the current of the Mississippi slows as the river en-
ters Lake Pepin. The lake originally formed about ninety-five hundred
years ago when a large delta from the tributary Chippewa River par-
tially blocked the Mississippi valley. Although lock and dam complexes
are now present above and below Lake Pepin, the delta of the Chippewa
River remains a primary control on lake level. The U.S. Army Corps of
Engineers regularly dredges the lake because of large annual inputs of
sand from the Chippewa River. Attempts to stabilize or flush sediments
from Lake Pepin and backwaters above each lock and dam complex
must be undertaken with care, for the sediments stored in pools up-
stream from every lock and dam of the Upper Mississippi have elevated
concentrations of heavy metals.

Lake Pepin is now less noticeable as an interruption of the river than
it would have been historically because of the reservoirs created by wa-
ter ponded upstream from each of the numerous lock and dam struc-
tures along the river. The sequence of locks and dams along the upper
river, which a 1970s Corps of Engineers promotional film described as
shackles for a giant, is designed to maintain a minimum water depth
of 2.7 meters (nine feet) in the main channel used for boat naviga-
tion. The channelization has been carried much further in the Lower
Mississippi, where the floodplains and secondary channels are largely
disconnected from the main river. Instead of completely channelizing
the upper and middle portions of the Mississippi in a similar manner,
decades of engineering have focused on creating and maintaining a
central navigation channel. ‘

The Upper Mississippi River historically had a distinct seasonal
pulse of high flows during March to May and low flows during Au-
gust to October. These summer and autumn low flows made navigation
difficult, if not impossible, and channel modification quickly followed
the first steamboat that forged its way upstream to St. Anthony Falls in
1823. Within a year, the U.S. Army Corps of Engineers began removing
snags, dredging sandbars, excavating the rocks that formed rapids," and
damming sloughs to keep the water within the main channel. Natu-
ral processes would have kept the Corps sufficiently busy maintaining
a waterway for the shallow-draft steamboats, but land clearing and
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agriculture accelerated the rush of sediment from the hill slopes into
the river.

Steamboat traffic on the upper river reached its peak during the
1850s and 1860s with increasing immigration and the shipment of
agricultural products such as wheat to railheads on the river's eastern
bank. As more sediment came in and boat drafts grew larger after the
1860s Civil War, the Corps ramped up its efforts to channelize the Mis-
sissippi for navigation from the mouth of the Ohio River upstream to
Minneapolis. Railroads reduced steamboat commerce during the 1860s
to 1890s except for lumber being rafted downstream. Congress none-
theless authorized maintenance of a navigation channel that grew suc-
cessively deeper, from 1.2 meters in 1866 to 1.4 meters in 1878 and
1.8 meters in 1907. This channel was created through nearly continual
dredging combined with use of “closing dams” that blocked the river
from entering side channels and wing dams that constricted the flow,
increased the current, and thus encouraged “natural” dredging.

Barge traffic on the Upper Mississippi waxed and waned following
completion of a 2.7 meter channel in 1940. Subsequent proposals to
enlarge the channel have been defeated. The Corps has also consid-
ered altering lock and dam operation in a climate of stable or declining
grain shipments, competition for midwestern grain from other navi-
gation routes such as the St. Lawrence Seaway, and growing environ-
mental concern about the negative side effects of navigation improve-
ments. Historians and economists question the necessity of spending
hundreds of millions of dollars in tax subsidies and navigation projects
to sustain a barge industry that exists primarily to ship grain overseas.
Although Congress instituted user fees in 1978 for barges taking advan-

tage of federal engineering, these fees do not begin to cover the full
cost of maintaining the navigation channel.

The numerous locks and dams along the Upper Mississippi finally
transformed the seasonal pulses of the river’s flow into a more sluggish
current between a series of shallow impoundments that now occupy
some of the historical river floodplain. The locks and dams fulfill their
purpose of creating more uniform water depths that make navigation
easier, but as on the Danube, they also have many unintended effects
on the plants and animals living along the river corridor.

The seasonally flooded and exposed wetlands along the 1,420 river
kilometers between St. Paul and Cairo, [liinois, historically supported
millions of fish, birds, reptiles and amphibians, invertebrates, and
mammals. Although the ponded water above each of the dams betweenl
St. Paul and Alton, Illinois, NOow attracts migrating ducks, the water

also floods part of the historically seasonal wetlands year-round, creat-
ing greater water depth, turbidity, and sedimentation as the siowin
cur.rent deposits some of the sediment it carries. Increased depth ang
sedimentation have killed the aquatic plants many aquatic organisms
feed on.

To mitigate these side effects, the Nature Conservancy is workin
with the Corps of Engineers, experimenting with several techniquesg
These include dredging the lakes formed above dams to reduce sedi:
ment thickness and adding islands built from the dredged sediment to
create shallow water. Backwater isolation projects involving dike con-
struction, pump installation, and management of water levels are used
to produce food or nesting areas for migratory waterfowl or habitat for
fish. Flow is introduced to other backwaters to counteract oxygen de-
pletion. Engineers actively replant aquatic plants and create periodic
reductions in water level in some pools above dams as a means of com-
pacting and dehydrating sediments and restoring vegetation. The suc-
cess of local experiments with lower summer water levels ab;)ve dams
is encouraging, but such efforts are constrained by navigation require-
ments and access to riverside docks for commercial and navigational
boaters. Because federal law mandates that the Corps maintain the
2.7 meter deep, 91 meter wide navigation channel from Minneapolis
to south of St. Louis, restoring floodplain wetlands through seasonal
drawdowns may not be feasible during low-water periods. As on the
Danube, the basic requirements of contemporary navigation severel
limit the scope of restoration efforts, but even limited efforts to restorz
some of the form and function present before river engineering can
make a difference for declining fish and bird populations.

Fish of the Mississippi

Downstream from Lake Pepin, the width of the channel alternately ex-
Pands and contracts among numerous islands. More than five hundred
islands divide the channel between St. Paul and St. Louis. Beyond the
sapdy, wooded banks lie the extensive riparian wetlands of the Upper
MlSSlssippi National Fish and Wildlife Refuge. The refuge was estab-
lished in 1924 to protect populations of smallmouth bass but is now
managed primarily for migratory waterfowl.

More than three hundred bird species, including 60 percent of the
Sp§C}es in North America, use the river corridor. Every spring and fall
millions of birds migrate along the Mississippi or remain as year-round

186
187




CHAPTER SEVEN

residents. The river’s north-south orientation and nearly continuous
habitat are critical to the life cycle of these birds. The Mississippi fly-
way draws birds across a broad band from northern Alaska to Baffin
Island and funnels them down the river valley, creating a winged river
above the liquid one.

As exemplified in the creation of the Upper Mississippi National Fish
and Wildlife Refuge, initial attempts to protect fish populations along
the Mississippi focused on game fish such as bass. Attention has gradu-
ally shifted toward native species as scientists realize that many of the
turbid river’s miraculously adapted fish are nOw at a disadvantage in a
world of regulated flows, limited floodplain access, and locks and dams.
Among these are paddlefish.

Paddlefish (Polyodon spathula) in the Mississippi River historically
grew to at least 1.8 meters and ninety kilograms. Part of their size de-
rived from longevity. The fish can live at least thirty years, feeding
almost constantly and continuing to grow as long as they live. They
are fish to match the big river. They swim eight hundred kilometers
to spawn and can travel at five kilometers an hour against a current
running at the same rate. Yet, like most whales, these big fish live on
very small food organisms. Up to a third of a paddlefish’s body length
consists of a broad, rigid flattened snout containing tens of thousands
of minute electroreceptors. Paddlefish adapted to the murky waters of
the Mississippi by evolving these sensitive receptors to detect the tiny
electrical signals generated by zooplankton measuring only a fraction
of a centimeter. A paddlefish swims along with its mouth open, using
sievelike gill rakers within the mouth to filter zooplankton from the
water and suspended sediment.

Despite these adaptations to life in a turbid river, and the species’
endurance in North America for 140 million years, fisheries biologists

estimate that by the 1980s paddlefish populations in the Mississippi
drainage basin had fallen to 10 to 20 percent of historical levels. Com-
mercial fishing for paddlefish caviar was a major culprit in the decline,
as was habitat loss. Siltation under the ponded water of reservoirs de-
stroyed spawning areas. Dams reduced upstream and downstream
movement of the migratory fish. Channelization mostly eliminated
backwater areas important to both young and adult paddlefish and re-
moved the zones of low velocity where paddlefish feed on zooplankton
drifting downstream. The passage of a large commercial vessel creates
a two- to three-minute recession in water level along a river shoreline
that can strand young paddlefish. Turbulence from the vessel’s passage
kills paddlefish larvae. The beautifully adapted electroreceptors that
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addlefish in an aquarium at the National Mississippi River Museum and Aquarium. This

U PN
Eerbly fidaptedb native fish is now uncommon in the river but can be seen along with
other native species at this museum in Dubuque, lowa o
3 .

detect swarms of tiny zooplankton are swamped by the signal
turned from the large metal gates of locks and dams, which thg addlc.
fish fry to avoid. ’ epuadie
Mi;[;ljle'COI.lFlnued presence but precarious status of paddlefish in the
eﬂe;}s)silopll())l 1'stan Sxanlllple of what drives the hopes and anxieties of fish-
: gists. On the one hand, the Upper Missfssippi remains qui
sinuous despite more than a century of river engineerin d ol
behind the locks and dams provide reasonab s she ﬂ'le e
yond the navigation channel. On the other lgafén I;:I}feiizrililries 'be-
recently predicted that unless management action i,s taken Wi’[h(;l‘? ilfs‘: ;
Zzarz téle Upper Mississippi River will consist of a main éhannel bor}j
di i:rsﬁy irl}(; 1a11)1d with few shallow marshes and will support limited
Cver v E.I undalllce of fish. There is much at stake. The habitat
versity assocgted with the main channel and numerous backwaters
:upp;rts 'an egtne fishy world. A total of 306 species of fish are known
0 inhabit various parts of the Mississippi River basin. The river sup-
ﬁ:)gls atn unusually high number of species relative to other large rivers
e temperate zones because the river network is physically complex
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number of fish species from 132 upstream to 114 between the Missouri
and Ohio junctions may reflect the extensive channelization and le-
vees that restrict habitat extent and diversity. Habitats in the upper and
middle reaches of the Mississippi now include both naturally occurring
features such as sloughs and tributary mouths and engineered features
such as tailwaters, navigation pools, and areas of slower flow near rock-
wing dikes.

The entry of Missouri River waters into the Mississippi further af-
fects fish species distributions. Species such as walleye that are less tol-
erant of turbidity are not common below the mouth of the sediment-
laden Missouri. On the other hand, the Missouri contributes several
species such as pallid sturgeon (Scaphirhynchus albus), western silvery
minnow (Hybognathus argyritis), plains minnow (Hybognathus placitus),
and various species of chub (Macrityobopsis spp.) that are restricted to
the middle reaches of the Mississippi.

Yet another significant influence on fish species distribution along
the Mississippi is the introduction of exotics. Common carp (Cyprinus
carpio), grass carp (Ctenopharyingiodon idella), rainbow smelt (Osmerus
mordax), goldfish (Carassius auratus), striped bass (Marone saxatilis), and
other exotic species have been introduced to the middle reaches of the
river. Fish stocking began in 1872 along the upper river. Carp intro-
duced themselves during the 1880s. Carp are highly efficient at feed-
ing on the plankton also eaten by species such as paddlefish. Common
carp became a major component of the commercial fishery in the river,
reaching a mean annual harvest value of $270,000 between 1953 and
1977. During the succeeding decade the carp began to decline, partly
because of PCB contamination in areas such as Lake Pepin, and partly
because of poor spawning success during high or variable water years
in a river that now lacks the sheltered backwater habitats critical to
larval and juvenile fish of many species. The dams for the 2.7 meter
navigation channel created large amounts of new backwater habitat by
flooding the center sections of the navigation pools. The shallow edges
of these new backwaters are readily accessible locally from the deep
main channel, however, and do not provide the shelter and limited ac-
cessibility important to young fish that need protection from predators.
Lock and dam 19 at present appears to be limiting the upstream migra-
tion of some carp species, and proposals to build a fish passage around

it must address the movement of the carp. The potential for migration
by exotic carp, like the downstream movement of contaminated sedi-
ment in navigation pools, illustrates some of the environmental costs
of rehabilitating the Mississippi River system. '
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The number of fish species present in the Mississippi rises to 150
in the river segment from the mouth of the Ohio downstream to the

coast. None of the fish in the main river are endemic, although the

tributaries include endemic species. Some of these species are in trou-

ble. The U.S. Fish and Wildlife Service lists three species in the Missis-

sippi drainage as endangered, but other species are under consideration

for listing. NatureServe, a network of natural heritage programs, con-
siders twelve Mississippi basin fish species imperiled. That no fish has
yet become extinct provides further incentive to restore some of the
natural habitats and functions along the Mississippi system while all
the components of the river ecosystem remain.

Throughout the Mississippi River basin, from the smallest tributas-
ies to the big river itself, the aumber of individuals and species mak-

ing up fish communities has changed as a result of land use and river
engineering. Fish must cope with excess nutrient inputs from fertilizer
as well as toxic wastes from agricultural and urban lands. Habitat loss
from channelization, levees, and dams restricts fish abundance and di-
versity. Many fish now rely on floodplain habitats that include depres-
sions left by excavating sediment to build levees, water treatment la-
goons, and canals, as well as backwaters present at tributary junctions
and oxbow lakes formed as meander loops are cut off from the main
channel during floods. Increased sedimentation from land use changes
and channel engineering further limits habitat availability. Alteration
of the seasonal flow of water by dams and tile drains interferes with
fish movement, reproduction, and growth. Rising water temperatures
from loss of riverside shading stress many fish species. The effects of
contamination, habitat loss, and flow regulation are Nno recent revela-
tion. Careful observers commented on changes in the Upper Missis-
sippi watershed and the resulting changes in species composition of

fish as early as the 1890s.

Very costly management actions are now being undertaken to miti-
gate some of these effects, although it remains to be seen whether these
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A River of Grain

1;/14111Sch f)f ’Fhe historical and contemporary river engineering on the
i szsmf)pl W&E undertaken to maintain navigability for barges, which
along the Upper Mississippi at re i |
| _ gular intervals. An individ
grain barge is 4 meters high and 10.6 . Pl
.6 meters wide. Up to fiftee
: . n barges
an be moved with one tow on the upper river, although “tow” is a mgis-

will prove sufficient given the magnitude and scope of the problems.
The first step in rehabilitating any river is to monitor it and document
what has changed from historical or reference conditions. As of 1999,

E;I::? gilveg that most of the barges are actually pushed from behind
ingle boat. Downstream from Cairo, Illinoi

3 ois, each tow is allowed
to transport forty-five barges. Each barge can hold fifteen hundred tons

scientists ranked five of six monitoring criteria as moderately impacted
along the upper impounded reach of the Upper Mississippi and highly

impacted along the lower impounded reach.

Partly in response to this type of evaluation, several federal and
state agencies have come together as stakeholders in the Upper Missis-
sippi basin to coordinate continued monitoring and restoration efforts,
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between Baton Rouge and New Orleans, where it is loaded for transport
to Asia and other regions.

The Mississippi has been called a river of grain; fifty-five million
tons are exported each year from the Mississippi drainage, in addition
to what is consumed within the United States. The big river also reflects
the flow of grain in more subtle ways. Water evaporated from oceans,
forests, and lakes falls as precipitation over the drainage basin, creat-
ing the surface and subsurface moisture that nourishes the vast fields
of corn, soybeans, and wheat. Nitrogen and phosphorus fertilizers and
organochlorine pesticides manufactured across the United States are
carried to the Upper Mississippi basin to fertilize the fields of the na-
tion’s breadbasket. Rainwater and snowmelt running off the farm fields
carry along fertilizers and pesticides attached to the particles of sand,
silt, and clay eroding from the fields. Eventually these particles of wa-
ter, sediment, and attached contaminants make their way through sur-
face and subsurface paths into tributary rivers and then the Mississippi
itself.

These by-products of the national grain production industry join
the downstream flow of the grain, but they do not move as efficiently
or predictably as the grain barged along a channel that has been largely
engineered for just this purpose. Some of the sediment accumulates in
each navigation pool upstream from a lock and dam complex. Some of
the sediment spreads across the floodplain wetlands and is stored there.
Some of it moves all the way down the river to settle in the Mississippi’s
delta, or in the zone where river and ocean waters mix in the Gulf of
Mexico. Attached contaminants move with the sediment all along this
complex path with its shorter- and longer-term storage sites.

Other contaminants travel dissolved in the river water. Nitrogen in-
tended to produce fields flush with cornstalks now feeds algae in the
Gulf of Mexico, creating algal blooms that cover a swath as big as New
Jersey. Concentrations of nitrate in the river and some of its tributaries
have increased by two to five times since the early 1900s as farmers
have applied more and more nitrogen fertilizers to their fields to in-
crease yields. This overapplication means that much of the nitrogen
simply runs off the field into surface water and groundwater. The flux
of nitrate to the Gulf has tripled in the past thirty years, with most of
the increase occurring between 1970 and 1983. Much of this nitrogen
comes from the agricultural lands of the Upper Mississippi.

Pesticides such as atrazine, applied to corn in these agricultural
lands, also move in solution into surface water and groundwater used
for drinking. Pesticides are ubiquitous in the Upper Mississippi. An es-
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timated two-thirds of all pesticides used nationally for agriculture are
applied within the Mississippi River basin. The hazards to human and
environmental health vary with the land use patterns along the river
and with the resulting chemical brew that is present in different por-
tions of the river.

A 1995 study of pesticides throughout the Mississippi River basin
by U.S. Geological Survey scientists found atrazine and metolachlor in
more than 95 percent of the samples, although maximum contaminant
ievels and health advisories recommended by the Environmental Pro-
tection Agency were exceeded in only a small percentage. In most con-
ditions atrazine degrades rapidly to less toxic compounds (although it
can persist for more than a year in dry, sandy soils and cool climates),
but it is linked to breast and ovarian cancer in humans. Conservative
estimates of mass transport indicate that the Mississippi discharges
176 tons of atrazine, 78 tons of cyanazine, 62 tons of metolachlor, and
20 tons of alachlor into the Gulf of Mexico each year. Scientists from the
U.S. Geological Survey concluded that pollution by agrochemical runoff
and groundwater may be the most significant recent factor responsible
for deterioration of water quality in the big river and its tributaries.

Not only are these poisons present in the waters draining directly
from agricultural lands, U.S. Geological Survey samples throughout the
Mississippi drainage basin found detectable levels of multiple pesticides in
every rain and air sample collected from urban and agricultural sites. Sam-
ples from a background site near Lake Superior in Michigan, removed
from dense urban and agricultural areas, detected compounds includ-
ing atrazine. These results indicate atrazine’s propensity for long-range
atmospheric transport.

One bargeload of grain represents 120 hectares of land devoted to
agricultural production. It also represents an unmeasured flush of top-
soil, fertilizers, and poisonous pesticides all along the river and into
the biologically rich Gulf of Mexico.

Mussels

Some of the sediment and nutrients moving down the Mississippi his-
torically were filtered from the water by extensive beds of freshwater
mussels, but this cleansing function has been seriously compromised
by loss of mussels from overharvest. Native Americans harvested mus-
sels living in the streams of the Mississippi River basin to obtain food
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and fr.eshwater pearls. As the encroaching Europeans pushed the Nati
A_merlcans west of the Mississippi, the many species of mussels in ‘cll‘ie
river system had a brief reprieve, and by the late nineteenth cent .
they w.ere abundant along many of the stream channels. The re 'ury
ended in 1891 when German immigrant John Boepple de%zelo edpneve
to use the mussel shells in manufacturing buttons and o 2 small
factory in Muscatine, Iowa. pened s smal
With%n a decade, mussel harvest and button manufacture formed
eco'nf)mlc mainstay of towns all along the river. Working from northar;
Pr'alrle du Chien, Wisconsin, to south of Canton, Missouri, the ind .
trious mussel gatherers harvested twenty-four thc;usand tor;s of rlli1 usi
spells in 1899 alone. This level of harvest could not be sustained o
ticularly because mussel gatherers customarily collected eve sel
they could find. s
The invention of the “crowfoot” in the late 1890s accelerated the m
sel harvest. The crowfoot consisted of numerous four-pronged hook o
tached to an iron bar. Mussels rest on the streambed with their slfeell{[;

The crow i
Museut:n :}Tjt:sed t.o harvest mussels, here in an exhibit at the National Mississippi River
quarium in Dubuque, lowa. Wides i
. . pread use of this harvesting techni
severely disrupted mussel communities and led to declines in their numbersg A
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The 1993 Flood
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great that the water could easily be traced as it moved southeast around
Florida and then up the east coast to North Carolina in September.
The flood inundated more than 2.7 million hectares of agricultural
and urban lands, and estimates of economic damage range between
twelve and sixteen billion dollars. After the flood, the Federal Emer-
gency Management Agency “hazard mitigated” over twelve thousand
properties through acquisition, relocation, elevating, or flood-proofing
with levees or other structures. The government also purchased two
thousand hectares of floodplain for the Big Muddy National Fish and
Wildlife Refuge along the Missouri River. As economic costs increase
with each major flood despite the levee system and other engineered
structures, we will be able to reduce flood damage only by eventually
moving as many people and structures as possible out of the historical
floodplain.

As on the Danube, the Ob, the Nile, and the Ganges, floods spread
out across the Mississippi’s extensive bottomlands before people began
to channelize the river and confine it within levees. The wetlands and
riverine forests of the bottomlands slowed the downstream passage of
floods, decreasing the highest discharge at any point along the river by
attenuating the flood peak and allowing sediment suspended in the
floodwaters to settle out in areas of lower velocity. Invertebrates, fish,
and plants living along the Mississippi adapted to the flood pulses and
came to rely on seasonal access to the habitat and nutrients provided
by floods. Nutrients and organic matter released from newly flooded
soils, for example, stimulate microbial activity and the production of
creatures that serve as fish food just at the time that fish larvae need to
feed on such minute organisms. The small fish can also escape preda-
tory larger fish in the shallow waters of the floodplain. As the Missis-
sippi was progressively confined between levees during the nineteenth

and twentieth centuries, the floodplains were converted to agriculture
or other land uses, and the floods were contained within the leveed
main channel. Levees are built primarily to limit inundation during
floods, but their effect has become very controversial in many cases.

Those behind the levees are safe as long as the levees remain intact

and continuous. But by conveying water more rapidly downstream,
levees can enhance the flood peak dumped onto downstream areas
unprotected by levees. And if the levees fail, the site of failure be-
comes like a firehose that effectively directs rapidly moving water and
sediment onto the former floodplain. The intact portions of the le-

vee then keep water from moving back into the channel as the flood
recedes.
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Levees can fail by being overtopped, by becoming saturated and col-
lapsing through liquefaction, by slumping, Ot by being undermined. Le-
vee failures during the 1993 flood created sites of rapid flow and intense
turbulence that scoured the floodplain and channeled sediment into ar-
cas far from the main river channel. Up to 28 percent of the total Missis-
sippi discharge flowed through one large levee break complex at Millex
City, llinots, carrying with it nearly 8.5 million cubic meters of sand.

The floodwaters spreading across the Mississippl bottomliands dur-
ing 1993 benefited some Organisms. Populations of native fish grew af-
ter the 1993 flood, reflecting increased production of juvenile fish on
newly accessible floodplain habitats. Thirty-six species used the flood-

plain for spawning and nursery areas along the lower Illinois River. As
the floodwaters gradually receded, some of the new fish went to feed
predatory fish and birds, which also increased after the flood.

The ecological downside of the 1993 flood was twofold: the spread
of pest species and of contaminants. Mosquitoes and introduced zebra
mussels thrived during the inundation. Zebra mussels were accidentally
introduced to the Great Lakes in the ballast water of ships coming from
Furope. The prolific, highly mobile larvae of these mussels followed the
canal system of Chicago from Lake Michigan to the Illinois River, and
the 1993 floodwaters transported huge numbers downstream into the
Mississippi.

Agrieultural, urban, and industrial contaminants were also dis-
persed on an unprecedented scale during the 1993 flood. The Missis-
sippi River basin contains the largest and most intensive agricultural
region in the United States. More than 80 percent of the corn and soy-
peans grown in the country, and much of the cotton, rice, sorghum,
and wheat, comes from the basin. To increase yields from these crops,

more than 110,000 tons of pesticides and about 6.3 million tons of ni-
trogen fertilizer were applied to the basin in the early 1990s. Runoff
pouring from farm fields through the Upper Mississippi basin in 1993
carried a witch's brew of poisons. Despite the much greater volume of
watet flowing down the rivers, concentrations of nitrate and herbicides
were similar to the highest concentrations measured during the much
lower flows of spring and summer 1991 and 1992. In other words, the
dilution often seen during floods failed to take place in 1993. The 1993
flood flushed an estimated half a million kilograms of atrazine and

911,800 tons of nitrate nitrogen into the Gulf of Mexico.

Water discharging from the Mississippi River plays a critical role in
the ecosystem of the Gulf. Discharge from the Mississippi and Atchaf-
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The Illinois and the Missouri

The Tllinois and Missouri rivers, twWo of the Mississippi’s primary tribu-
taries, enter the main river within a few kilometers of each other. Each
river basin reflects, on a smaller scale, many of the environmental
changes present on the Mississippi. The Illinois River joins the Missis-
sippi from the east near St. Louis. The river drains 80,300 square kilo-
meters, most Of them in the state of the same name. The river basin
parallels the Upper Mississippi River basin as a whole in that histori-
cally extensive floodplain forests and wetlands that supported abun-
dant fish, waterfowl, and other organisms Were systematically con-
verted to farmiands during the nineteenth and twentieth centuries.
Levee construction, land drainage, agricultural and urban pollutants,
and channelization, along with increasing sediment loads from upland
farming, altered the riverine corridor and caused substantial declines
in the abundance and diversity of the river’s plant and animal commu-
nities. Despite these massive losses and accumulating problems, a 1992
National Research Council report identified the 1llinois River as one of
the country’s few large floodplain river systems that still retain enough
natural characteristics to allow for restoration. The Nature Conser-
vancy, the Illinois Department of Natural Resources, and other private
and government groups are acquiring forests and wetlands along the
river, restoring a functioning ecosystem hectare by hectare.

The Missouri River enters from the west a few kilometers down-
stream from the junction of the Mississippi and Nlinois rivers. Of all
the Mississippi’s tributaries, the Missouri carries the greatest load of
sediment because it CrOSSes sedimentary rocks that weather and release
abundant sediment in the semiarid climate that characterizes much of
the Missouri's drainage, as well as erodible glacial deposits on the Great
Plains. The loads of sediment carried in suspension by the Mississippi
have decreased by half since the Mississippi valley was first settled by
Buropeans. This decrease has occurred mainly since 1950, because the
numerous large reservoirs built in the Missouri River drainage now ef-
fectively trap about 80 percent of the sediment coming downstreamn.
The Missouri, however, still contributes more than half the Missis-
sippi’s total sediment load. This Joad is not matched by the Missouri’s 37
water flow. Because of the great dry swath created by the rain shadow ‘
of the Rockies, the 3,860 kilometer Missouri drains 43 percent of the
Mississippi’s total area but contributes only 12 percent of the Missis-

sippi’s total discharge.

202

circa 17
1700 1980-1990

o
Gulf of O e, G Of
L o
Mexico syspended sediment Mexico
discharge, in millions
of metric tons per year
%
; "69\
0 5600

0 2 i

00 miles mean water discharge,

in cubic kilometers per
year

Schematic illustrati i
jon of historical and con
temporary contributio
ns to suspended-

sedi g ( .
Vi ) Wi e (belo (o) SSIpP e ter
ment d SI(Z arge (above a)d ater discha g ( el W) the Miss Riv (A



CHAPTER SEVEN

As on the Mississippi, channel alterations accompanied nineteenth-
century steamboat traffic on the Missouri. A history of frequent flood-
ing also led to piecemeal construction of urban levees and encouraged
the Corps of Engineers to build the first dam on the mainstem Mis-
souti in 1938 at Fort Peck, Montana, although the dam is principally
used for navigation and hydropower. Today six major dams, from Fort
Peck downstream to Gavins Point, on the Nebraska-South Dakota bor-
der, regulate flows on the main channel. The course of the Missouri be-
tween these dams has been transformed into a series of lakes separated
by short river segments, whereas the river downstream from Gavins
Point has been altered more by straightening, bank stabilization, and
levee construction—all the changes necessary to create a 2.7 meter deep
navigation channel 1,225 kilometers long. Approximately 10 percent
of the original floodplain is now inundated during the average annual
flood because levees confine the lower Missouri River to a width of 180
to 330 meters. The river engineering favored the growth of farming
in the river’s former floodplain, as well as a network of barge traffic.

Nearly 95 percent of the Missouri River basin’s landmass is devoted to
agriculture, and farmers, along with barge operators, are NOW vocal op-
ponents of scientists and environmentalists who seek to change river

management along the Missouti.

Environmentalists question whether the barge traffic, which peaked
in 1977 and has been declining ever since, is worth the loss of much of
the Missouri River ecosystem. Fisheries scientists attribute an 80 per-
cent decline in the commercial fish harvest during the past century to
river engineering. Sixteen fish species are listed as imperiled. Natural

riparian vegetation has been nearly eliminated.

Localized restoration projects that attempt to halt or reverse this
trend of species loss include controlled flooding on small parcels of
intensively managed public lands along the lower Missouri River. Al-
though these artificially flooded wetlands provide bird habitat, they

THE MISSISSIPPI: ONCE AND FUTURE RIVER

nlear tn}’tl)uta.lry confluences or remnant backwaters that form “beads”
a on;g1 the river cornflor. Acquiring and managing individual beads is
much more economically and politically feasible than attempting to

restore the entire river corridor i
and it can build i i
demonstrated benefits. ’ public support with

The Middle Mississippi

Along the middle segment of its course, the Mississippi flows 313 kil
meters from the mouth of the Missouri to the mouth of the Ohio {c}?-
source. of. neatly half the Mississippi’s water. For the first 170 kilom/ t s
the Mississippi flows in a trench five to seven kilometers wide er ederg
more than a hundred meters into Paleozoic bedrock. Limeston bcl) Ef
form 'Valley walls well back from the main channel’ Secondare hu S
nels, islands, sandbars, and a few abandoned channeis continuz tC .
ate complexity along the river’s course, but the engineering pres;)n(tfriz

jche Upper Mississippi seems almost gentle compared with the in

ingly r.estrictive system of levees the river encounters down tcreas-
The. Middle Mississippi is extensively diked to maintain the 2 ; eter
navigation channel, and flood control levees narrow the extent' fn}lle'teI
water. By 1968, the surface area of the Middle Mississippi was c?)>9 ;g?

cent less than the area measured i
in 1888, b
engineering. efore much of the channel

The Mississippi does not meander broadly until it passes through the

Thebes.Gap area of Missouri and Illinois, a gorge cut through Sha

town Ridge by higher river flows about nine thousand yearsg ago ];V(;le/:r(i-

;t'ream from the gap the floodplain widens abruptly to neaﬂ;; eight
ilometers, and the river’s course grows more sinuous. From Theb ¢

Gap downstream the river flows on the Mississippi Embz;yment a ; -

trough of downward-folded bedrock filled with sediments delposi?tzg

remain disconnected from the main river by levees, at least in part to
restrict wetland access by carp. Native, floodplain-dependent fish are
also excluded from the wetlands. As on the mainstem Mississippi and
the Danube, these restoration projects do not seek to re-create a fully
functioning river ecosystem but rather aim to provide conditions that
will benefit specific species Or groups of species. Management of these
isolated floodplain parcels reflects the “string of beads” restoration con-
cept, in which not all of the river’s floodplain needs to be reopened
in order to revitalize the ecosystem. Instead, river health can be im-
proved by acquiring key floodplain habitats such as flood-prone areas '

over the past few million years. As the Mississippi has meandered back
and forth across its floodplain during thousands of years, it has :ri:-
:}tlei a complex, subtle topography of undulating low ridges’ and swales
ﬁua rep.resent former natural levee ridges and abandoned channels
e eacin v(\)rll;ch pondec'i water or sediments. Crescent-shaped oxbow lakes
e g éxpanswe, largely flat backswamps. On aerial photographs
akes, ridges, and swales give the landscape a texture or grai

though the surface is alive and growing. s
. Qairo, Nlinois, sits at the junction of the Ohio River and the Mi

Sissippi, 288 river kilometers south of St. Louis. The name Ohio f:omle:
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lets from the river, and cutoffs between river meanders as means of
flood control. Another massive flood in 1858 hastened the Corps’s
study, which resulted in an 1861 report recommending a “levee-only”
policy of flood control.

Predictably, the floods continued to come. Severe floods in 1903 and
1907 were followed by floods in 1912 and 1913 that destroyed many
of the nonfederal levees and caused many deaths. This led to further
pressure for government intervention in flood control. In 1917 Con-
gress passed a Flood Control Act that called for further levee building.
In his book Rising Tide, John Barry provides a fascinating account of
the struggle between civilian and Army engineers to develop a flood-
control policy for the Lower Mississippi. The Army’s emphasis on levees
won the day. Belief in the levee-only approach was reinforced when a
near-historic flood in 1922 was contained by federally designed levees.
In a classic example of hubris, the commanding general of the Corps
of Engineers announced in 1927 that the Lower Mississippi levee sys-
tem was ready to withstand the worst of floods. Two months later, the
greatest flood yet on the Lower Mississippi overwhelmed the levees and
spread over a hundred kilometer swath from Memphis southward to
the Gulf. That was the end of the levee-only policy.

Like the 1993 flood on the upper river, the 1927 flood was preceded
by months of rain. The coup de grice was heavy rain over several hun-
dred thousand square kilometers stretching from Illinois to Missouri
and Texas. The 1993 flood on the upper river crested at 28,100 cubic
meters per second in St. Louis. The 1927 flood crested at an estimated
84,270 cubic meters per second in New Orleans.

After 1927, flood control in the lower valley became completely a
federal responsibility. Emphasis shifted from levees-only to recogni-
tion that other structures such as spillways and dams were also needed.
The Corps built seventy-six reservoirs in the Upper Mississippi valley
and forty-nine on the Missouri River and its tributaries. The Bureau of
Reclamation added another twenty-two flood-control reservoirs on the
Missouri. A nonstructural approach emphasizing reduced use of flood-
plain lands grew steadily more popular starting in the 1970s, but the
floods continued to come and the levees continued to be built. At pres-
ent, the channels of the Lower Mississippi drainage basin flow between
3,532 kilometers of levees.

This enormous riverine straitjacket created multiple changes in the
Lower Mississippi. Major natural floodways were eliminated. The land
area of the regularly flooded bottomlands was reduced by more than
90 percent. The remaining bottomlands are highly fragmented and
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have lost much of their ecological function. Floodplain lakes are iso- THE MISSISSIPPI: ONCE AND FUTURE RIVER
jated. Lateral channel migration, which historically created backwaters
in the form of abandoned channels, largely ceased, causing deteriora-
n of the diverse habitat necessary to support a wide variety of river-
side vegetation, fish, birds, and other organisms.

of larval fish along the Lower Mississippi are

The highest densities
which also serve as nurseries for juvenile fish. Riv-
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Water surface clevation of the channel rose as flow
river became ptogressively more confined petween levees. Engineers

severed fifteen meander bends between 1933 and 1942 to create a

straighter channel with swifter flow to reduce water surface elevation.
These artificial cutoffs shortened the river by 228 kilometers and did
indeed create swifter flow--50 swift that erosion was accelerated and the

channel had to be stabilized with 1,368 kilometers of rock and other
hard materials. River energy that would previously have gone into nat-
ural meander cutoffs and pend enlargement now goes into attempts
to build midchannel bars, SO that the Corps is kept busy dredging the
main channel and removing the bars. A naturally functioning river is

self-maintaining. Once you start engineering a river, you inevitably

take on a constant maintenance project.
With continuing help from engineers, the channelized river flushes
sediments and dissolved contaminants fairly efficiently into the Gulf
of Mexico. Like the Twin Cities and St. Louis, Baton Rouge and New Ot
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S . . S
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Second, sea level at the Mississippi delta is rising by 1.2 to 4.3 cen-
timeters each year. About 20 percent of this rise is caused by melting
of the world’s remaining glaciers. The remaining 80 percent is actually
relative as the coastal sediments subside through combined normal
compaction of sediments and human removal of water, oil, and natural
gas. The input of sediment to the delta also declined substantially dur-
ing the twentieth century as upstream dams stored sediment along the
Missouri and the Mississippi. Engineered bypasses of the Lower Missis-
sippi River and closed distributary channels on the delta further direct
the sediment that does reach the coast away from the delta and into
the deep water beyond the continental shelf.
Third, most of the land loss is not from the periphery and shoreline
erosion but from internal breakup of marsh vegetation as a result of
physiological stresses. Levees built throughout the wetlands during the
1930s ended the spring floods that replenished local soils and water ta-
bles. The nutria (Myocastor coypus), a large rodent from South America,
escaped from captivity and began devouring the roots of marsh plants
that had not evolved to withstand such herbivory. The Corps built
fourteen major ship channels to inland ports by the 1960s. Wind and
water erosion along the channels magnify saltwater intrusion that kills
the freshwater wetland plants. More than thirteen thousand kilometers
of canals thread back and forth through the great wetlands complex,
exacerbating erosion and saltwater intrusion. Natural gas and oil pipe-
lines, and associated maintenance paths, also disrupt the wetlands and
contribute to their degradation.

Despite the many recent changes in the flow of water, sediment,
and nutrients, the Louisiana wetlands continue to support a commer-
cial fishery worth three hundred million dollars annually. More than
two million people live in and around the coastal wetlands, and they
are very much aware of land loss. Coastal areas are eroding so rapidly
that changes are readily perceived over a decade or two. Engineering
responses to date include releasing freshwater to mimic spring floods.
Engineers also divert freshwater into the delta to decrease salinity.
They tebuild marshes with dredge material and salt-tolerant plants
and attempt to increase the sediment released to the delta. Stabilizing

the shoreline and restoring barrier islands can also help reduce coastal
erosion.

e

of coastal marsh. This i
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Despite spending half a billion dollars in the past decade, none of
these experiments has effectively counteracted the regional trend of
land loss. At present the Corps and other groups have a fourteen bil-
lion dollar unfunded plan to save the rest of the coastal wetlands. The
situation will not change unless the level of funding and the integra-
tion among indjvidual components of the plan are comprehensive
enough to address a problem that has been building for decades and
that extends from the headwaters dams to the offshore drilling rigs. As
on the Ob, the Danube, the Nile, and the Ganges, changes associated
with land use and river engineering throughout the Mississippi’s huge
drainage basin combine to cause major problems in the river’s delta

and coastal zone.

Restoring the River

1t is tempting 1o conclude this chapter by writing, «Thus the Mississippi
ends, not with a bang but a whimper.” This giant among rivers that
once built a huge delta far into the Gulf of Mexico now recedes daily,
its flow tapped and regulated, its sediment trapped all along the river’s
path and contaminated with chemicals that will have unpredictable
effects for decades to come. This is a grim picture for the great national
river, but it can be a snapshot along the way, not the final portrait.

The National Research Council identifies the Upper Mississippi as
an ecological rarity, for its size, that still preserves enough floodplain
and flood pulse to allow restoration. In 2004 the Nature Conservancy
developed a list of forty-seven priority conservation areas within the
Upper Mississippi. These segments of river can pe revitalized by pro-
tecting undeveloped lands and restoring natural processes of flooding
and channel movement. But time is running out as population and
land use inexorably increase. This is why many of the scientists who
study the Mississippi River system and the citizens who live along it
feel a sense of urgency in protecting and restoring the river.

The Mississippi is not exceptionally polluted compared with major
rivers in other industrialized countries. Sources of pollution have been
and can continue to be reduced. Polluted sediments can be remediated.
Towns and cities throughout the drainage substantially improved sew-
age treatment, for example, after the Clean Water acts of the late 1960s

and early 1970s. Qil slicks are now rarely seen on the river, despite:

in-stream refueling of barges, because the Coast Guard monitors in-
stream polluters and enforces regulations. Phosphate pollution and the
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