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PREFACE 

The U.S. Army Engineer District, St. Louis (SLD), requested the 
Environmental Effects Laboratory (EEL) of the U. S. Army Engineer 
Waterways Experiment Station (WES) to conduct an environmental inven-
tory and assessment of the effects of operation and maintenance 
activities for navigation pools 24, 25, and 26, Upper Mississippi and 
Lower Illinois Rivers. Information collected during the inventory was 
to serve as a reference source for SLD in the preparation of parts of 
an environmental impact statement. 

The inventory and assessment were conducted from January 1974 to 
January 1975 by an interdisciplinary study team from WES, Colorado 
State University (CSU), Missouri Botanical Gardens (MBG), and Southern 
Illinois University (SIU). The Environmental Protection Agency, Region 
VII, assisted the WES in the chemical analyses of water and sediment 
samples. Midwest Aquatic Enterprises, Mahomet, Illinois, performed 
identification, enumeration, and biomass analyses on biological samples 
collected by the WES. Information from an electrofishing survey made 
by the Illinois Natural History Survey (INHS) was used in the assess-
ment. 

This report is one of a series of reports, all sponsored by SLD 
and under the direction of R. Charles Solomon of WES. The reports all 
carry the same main title, "Environmental Inventory and Assessment of 
Navigation Pools 24, 25, and 26, Upper Mississippi and Lower Illinois 
Rivers." The subtitles of the reports and the responsible agencies 
and universities are as follows: 

(a) "An Aquatic Analysis," WES, technical report in preparation. 
(b) "A Vegetational Study," MBG, Contract Report CR Y-75-1, 

April 1975. 
(c) "Floodplain Animals and Their Habitats," SIU, Contract 

Report CR Y-75-2·, April 1975. 
(d) "A Geomorphic Study," CSU, contract report in preparation. 
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(e) "An Electrofishing Survey of the Illinois River," INHS, 
contract report in preparation. 

(f) "Sllll1Ill3.ry Report," WES, Technical Report TR Y-75-1, November 
1975. 

Parts III-VII of this report are summaries of the reports of the 
other reports in the series. Information from these five parts was 
used in preparing the remainder of the report. 

This report was prepared by personnel of EEL. The following lists 
individuals who had primary responsibility for major parts of the 
report. Mr. R. C. Solomon prepared Part I: Introduction and Part II: 
Historical Development and assisted in initial review of the entire 
report. Mr. D. A. Wright prepared Part III: Geomorphology and Part 
IX: Recommended Additional Studies. Ms. C. Ferris prepared Part IV: 
Vegetation. Mr. D. R. Parsons prepared Part V: Wildlife and Part VIII: 
Environmental Impacts of Operation and Maintenance Activities. 
Mr. J. E. Scott prepared Part VI: Water Quality and Sediment Chemistry. 
Mr. B. K. Colbert prepared Part VII: Aquatic Biota. Mr. J. H. 
Johnson assisted in the initial review of the report and was responsi-
ble for the statistical analyses of the data discussed in Parts VI and 
VII. This study was performed under the general direction of 
Dr. John Harrison, Chief, EEL, and Dr. Conrad J. Kirby, Acting Chief, 
Environmental Resources Division, EEL. 

COL G. H. Hilt, CE, was Director of WES during the conduct of the 
studies and preparation and publication or tliis report. Mf. F. Ir. 
Brown was Technical Director. 
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CONVERSION FACfORS, ME1RIC (SI) TO U.S. CUSTCMARY AND 
U. S. CUSTCMA.RY TO ME1RIC (SI) UNITS OF MEASUREMENf 

Units of measurement used in this report can be converted as follows: 

M.lltiply 

millimeters 
square meters 
liters 
milligrams per liter 
Celsius degrees or 

Kelvins 

inches 

By To Obtain 

Metric (SI) to U. S. Customary 

0.03937 
10.7638 

0.26418 
0.00013 

9/5 

inches 
square feet 
gallons (U. S. liquid) 
ounces per gallon (U. S. liquid) 
Fahrenheit degrees* 

U. S. Customary to Metric (SI) 
0.0254 meters 

feet 0.3048 meters 
miles (U. S. statute) 1609.344 meters 
square feet 0.0929034 meters 
clibic teet per secona cubic meters per second 

*To obtain Fahrenheit (F) readings from Celsius (C) readings, use the 
following equation: F = 9/5(C) + 32. To obtain Fahrenheit from 
Kelvin (K), use: F = 9/5(K- 273.15) + 32. 
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ENVIRONMENTAL INVENTORY AND ASSESSMENT OF NAVIGATION 
POOLS 24, 25, AND 26, UPPER MISSISSIPPI AND LOWER 

ILLINOIS RIVERS 

Swmnary Report 

PART I: INTRODUCTION 

Backgrotmd 

1. The River and Harbor Act of 3 July 1930 authorized the con-
struction and maintenance of a 9-ft*-deep by 300-ft-wide channel for 
commercial navigation of the Upper Mississippi and Lower Illinois Rivers. 
The channel geometry was achieved through the construction of locks and 
dams supplemented by dredging and bank stabilization. 

2. In 1969 Congress passed Public Law 91-190, the National 
Environmental Policy Act (NEPA), which required all Federal agencies to 
prepare a detailed environmental impact statement (EIS) on proposals for 
legislation and other major Federal actions significantly affecting the 
quality of the human environment. The locks and dams were constructed 
and placed in operation irr the late-1930's and- early 1940 1s; conse--
quently, their construction did not came under the jurisdiction of NEPA. 
However, pursuant to the requirements of NEPA, Federal agencies are also 
required to prepare an environmental impact assessment of all projects 
in an operation-and-maintenance status and to submit an EIS if the 
action is considered significant. 

3. The U.S. Army Engineer District, St. Louis (SLD), was re-
quired to submit an EIS for operation and maintenance activities for 
navigation pools 24, 25, and 26 in the Upper Mississippi and Lower 
Illinois Rivers. This report is a summary of a study designed to pro-
vide a reference source for preparation of parts of the EIS. 

*A table of factors for converting metric (SI) tmits of measurement to 
U. S. customary units and U. S. customary units to metric (SI) is 
given on page 6. 
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4. The study area, shown in Figure 1, extends from Locks and 
Dam 26 at Alton, Illinois_, to Locks and Dam 22 at Saverton, Missouri, 
on the Mississippi River (river mile 202.9 to 301.2) and from Grafton, 
Illinois, to LaGrange Locks near Beardstown, Illinois, on the Illinois 
River (river mile 0 to 80.1). Lateral boundary lines of the study area 
were the natural bluffs, when present, or the Corps-maintained levee 
where no well-defined bluff existed. 

Purpose 

5. The objectives of the overall study were to: 
a. Provide background data on the physical, chemical, and 

biological characteristics of the study area. 
b. Describe the environmental impacts of operation and 

maintenance of the 9-ft channel. 
c. Assess changes that can be expected as a result of past, 

present, and planned developments in the study reach. 

Scope 

6. This report summarizes the findings of the interdisciplinary 
team. Part II contains a brief historical account of authorizing legis-
lation that preceded construction of the lo-des- and- dams-. Parts- III 
through VII contain overviews of individual reports prepared by agency 
or university members of the team (see PREFACE for listing of reports). 
A complete documentation of the data, methodology, and references for 
each study is contained in the reports. Extracts were made from the 
individual reports in this summary report, but quotations were not 
marked and scientific names were not generally included in order to im-
prove the continuity and readability of the narrative. 

7. Part VIII, prepared by an interdisciplinary team from EEL, 
presents the integrated assessment of impacts of the operation and 
maintenance activities and indicates the effects of operation and 

9 



and maintenance on the overall system, rather than on the components 
of the system as was presented in Parts III through VIII. Part IX 
presents recommendations for additional research. 

10 



PART II: HISTORICAL DEVELOPMENT 

8. In colonial days the Upper Mississippi River,* the Illinois 
River, and many other tributary systems were the only means of rela-
tively safe transportation for the movement of people and freight 
through the Basin. Prior to river improvements, explorers and naviga-
tors found the Illinois and Upper Mississippi Rivers to be shallow, 
swift, and obstructed by rocks and snags. During period of low flow, 
depths of three feet or less were common on the Mississippi; only 
during high flows was the river navigable to St. Paul. Early commer-
cial traffic on the river consisted primarily of small packet boats 
and log rafts moving timber from forests along the Upper Mississippi 
to markets downstream. 

9. In the 1800's and early 1900's, the pattern of development 
in the Midwest was along the water transportation routes. Rapid eco-
nomic development of the north-central United States was, in part, a 
result of development of the commercial use of these waterways. Early 
river improvements for navigation were accomplished jointly by State 
and Federal governments. 

Upper Mississippi River 

10. Improvement of the Upper Mississippi River to insure ade-
quate depths for navigation began in 1824 when the Federal Government 
authorized the removal of snags, shoals, and sandbars hazardous to 
navigation; excavation of rock in several reaches of rapids; and 
closing of meandering sloughs and backwater areas to confine flows to 

The modern-day Upper Mississippi River is that part of the river from 
river mile 0 at Cairo, Illinois, to river mile 857.6, four miles up-
stream from upper St. Anthony's Lock, near Minneapolis, Minnesota. 
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a central or main channel. The first comprehensive program for improve-
ment of the Upper Mississippi River was initiated by the River and 
Harbor Act of 18 June 1878. The program was designed to secure a 
main channel qeRth of 4.5 ft between the mouth of the Missouri River 
(river mile 195) and St. Paul by the use of dikes (i.e., wing dams, 
spur dikes, saddle dikes), bank revetments, closure of side channels, 
and construction of dams in the headwater reaches of the Mississippi 
to impound water for low-flow supplementation. The low-water channel 
was restricted to approximately 2500 ft in width and 8 ft in depth by 
constructing dikes and bank revetment. Dredging was introduced as 
part of the project in June 1896. The River and Harbor Act 2 March 
1907 initiated construction and maintenance of a 6-ft channel between 
the mouth of the Missouri River and St. Paul. 

11. Technological advancements of the twentieth century have 
contributed significantly to increases in commerce on the nation's 
inland waterways, particularly the development of diesel-powered river 
vessels of greatly increased power and efficiency, capable of pushing 
a dozen or more large, heavily laden steel barges. With these new 
developments, it became apparent that the Mississippi waterway could 
provide economically favorable benefits of long-haul, low-cost water 
transportation only if a dependable 9-ft-deep navigation channel could 
be maintained throughout the entire waterway. In 1930, after exten-
sive studies of the river's potential as a major transportation artery, 

authorizea the cnannel for navigation on the Upper 
Mississippi River, including that reach of the river between the mouth 
of the Missouri River and Minneapolis, Minnesota. The authorizing 
legislation, River and Harbor Act of 3 July 1930, provided for this 
navigation channel to be achieved by a system of locks and dams supple-
mented by revetments and dredging. 

12. Construction officially began in the study reach on 13 
January 1934 at Locks and Dam No. 26. The first full pool was attained 
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in pool 26 on 8 August 1938, in pool 25 on 11 July 1939, and in pool 
24 on 14 May 1940. The 9-ft channel project in the study reach was 
completely operational on 12 March 1940. 

13. The principal engineering features of the current Upper 
Mississippi River navigation project are 29 locks and dams spaced at 
irregular intervals, varying from 9.6 to 46.3 miles apart. The most 
downstream lock and dam is No. 27, near St. Louis, Missouri. The 
uppermost, the upper St. Anthony's Falls Lock, is located at Minneap-
olis, 854 river miles above the mouth of the Ohio River. The average 
pool length is 25 miles. exception of the Upper and Lower 
St. Anthony's Falls Locks and Lock No. 1, all locks of the system have 
a chamber width of 110 ft. Although some auxiliary locks are 360-ft 
long, most main locks have chamber lengths of 600 ft. 

Illinois River 

14. The State of Illinois obtained a land grant in 1827 to 
finance construction of the Illinois-Michigan Canal (I&M Canal). Con-
struction began in 1836 but was halted in 1842 as a result of depletion 
of funds. It was later completed in 1848 by trustees of the bond 
holders. 

15. Between 1872 and 1893, four locks were constructed on the 
Lower Illinois River to provide a 7-ft-deep channel, each 75-ft wide 
by 300-ft long, that could accomodate the largest packet boats using 
the Illinois River at that time. The Chicago Sanitary District opened 
the Sanitary and Ship Canal in 1900 and in 1908 opened a lock at 
Lockport, Illinois, that connected the Sanitary and Ship Canal with 
the upper basin of the I&M Canal in Joliet, Illinois. 

16. As inland navigation developed, it became apparent that a 
depth of 6 ft would be inadequate for movement of proposed large tows 
and powerful towboats being developed for commercial use on the Ohio 
and Lower Mississippi Rivers. In 1908, a 20-million-dollar bond issue 
was passed by the State of Illinois for construction of the 9-ft-deep 
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Illinois Waterway. Work began in 1919 and was well advanced in 1930, 
when the bond issue funds were nearly depleted. The Federal Government 
completed the project and opened it to traffic in 1933. 
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PART III: GE(JI1()RPHOLOGY 

17. This part presents a summary of the results of a survey-
level investigation of the past, present, and projected future geomor-
phic features within the project area. The investigation was performed 
by Colorado State University (CSU) under Contract No. DACW39-74-C-0148. 
The river reaches were evaluated before and after principal man-made 
changes occurred. Probable relationships between man-made changes and 
changes in geomorphic features were identified. Trends of future geo-
morphic changes that could result from existing and possible future 
developments in the study reaches were assessed using available data 
and a computerized mathematical model of the river system. 

Previous and Existing Project Development 
and Induced Geomorphic Changes 

18. The physical characteristics of the study reaches at the 
beginning of historical time were primarily the result of Pleistocene 
events. Since that time, natural modifications have resulted from 
water and sediment being delivered to the river system from upstream 
and tributary sources. 

19. The practical utility of this study is contingent on identi-
fying man-made cause-and-effect relationships operating on the river 
system within the time frame of what present society would term "modern 
civilization." Although the river system has undergone continuous 
change throughout geologic time, emphasis was focused on identifying 
prevalent trends in physical changes and effects beginning in the early 
1800's, at which time the Federal Government began modifying the river 
for improving navigation. For this discussion, therefore, the transi-
tion period from natural river to the existing, developed river began 
about 1816, when the first dimensionally correct maps of the Upper 
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Mississippi and Lower Illinois Rivers, including the study reaches, 
were compiled. 

20. Since the early 1800's, man-made modifications to the river 
system have been superimposed on the continuing sequence of natural 
changes and have both accelerated and retarded the rates of various 
natural processes. Changing river characteristics in the study reach 
were identified and compared using maps compiled in 1878, 1880, 1889, 
1895, 1930, 1940, and 1970. Aerial photographs from 1927 and 1973 
were also used. 
Floodplain 

21. Within the study reaches, the average width of the Upper 
Mississippi River floodplain is 5.6 miles; its slope is about 0.5 ft 
per mile. The lower Illinois River floodplain averages 4.1 miles in 
width and slopes about 0.25 ft per mile. Elevation of the floodplain 
at the confluence of these two rivers is higher than immediately up-
stream in either valley. 
Gradient 

22. Major differences between the Upper Mississippi and Lower 
Illinois Rivers are attributable to the disparity in morphology re-
flected by their gradients. The Lower Illinois River has a gradient 
of about 0.1 ft per mile; whereas, the Upper Mississippi River has an 
average natural gradient of 0.6 ft per mile. 

-River position 
23. In general, the positions of the Upper Mississippi and 

Lower Illinois Rivers within the floodplain have not changed since the 
beginning of man-made developments in the river system. From about 
1879 through the present, construction of navigation channel appurte-
nances, such as revetments ari.d dikes, has virtually locked the Upper 
Mississippi River into a fixed position. However, in the future signi-
ficant flood events could cause localized alterations in present river 
position by destroying dikes or revetments. 

16 



Surface area between banks 
24. A map survey of the Upper Mississippi River in the reach now 

lying in pool 25 indicated that average area of the water surface 
between vegetated banks decreased about four percent during the period 
from the early 1800's to 1891. Prior to construction of the existing 
project, area in this reach had decreased two percent, based on 1891 
and 1929 maps. Based on 1929 and 1973 maps, however, this same area 
increased over nine percent. This latter increase was primarily due to 
the inundation of floodplain lands by pool 25 immediately upstream of 
Locks and Dam 25; no appreciable changes occurred in surface areas of 
the upper 75 percent of pool 25. 

25. Submergence of part of the Lower Illinois River floodplain 
resulting from the closure of Locks and Dam 26 caused a 9.3-percent 
increase in surface area of the Lower Illinois river in the affected 
area. 
Islands 

26. During the period from the early 1800's to 1891, an extended 
dry period apparently resulted in an increase in both the number and 
size of islands in the reach now lying pool 25. With lower water 
levels and less submergence during this event, land vegetation probably 
invaded and stabilized areas that formerly were sandbars. The invasion 
of vegetation onto sandbars formed by deposition of sediment in the 
dike fields caused a 30-percen:t iru:reas_e_ in_ ho_th_ mnnher_ and_ to_:taL ar_ea_ 

of islands during the period of 1891 and 1929. From 1929 to 1973, 
although some islands were lost to the deeper water in the downstream 
pools area and others emerged in the shallower upstream pool area, a 
net increase of four percent in island area was noted in pool 25. 
Riverbed 

27. As a consequence of increasing island area and small de-
creases in river widths, the riverbed area in what is now pool 25 
decreased about 13 percent between 1891 and 1929. During this same 
period, average thalweg (main channel) elevations increased about one 
ft or less, indicating a slight aggradation in the deepest part of the 
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channel. Growth in island area in this reach between 1929 and 1973 
was slightly accelerated by initial floodplain inundation associated 
with the impoundment of pool 25 behind Locks and Dam 25; riverbed area 
thus increased slightly during this period. From 1929 to 1939, during 
construction of the existing project, thalweg elevations in general 
decreased about two ft in the entire study reach. From 1939 to 1971, 
pools 25 and 26 have been slowly degrading (thalweg elevations decreas-
ing), while pool 24 has been aggrading (average thalweg elevations 
increased about 1.5 ft). 
Water depths 

28. Prior to 1850 and development and maintenance of the re-
spective 4.5-, 6-, and 9-ft navigation projects, water depths during 
extreme low flows during summer were sufficiently shallow to allow 
"Sunday excursionists" to walk across the Mississippi River in some 
locations (Tweet, 1974). 
Side channels 

29. From the early 1800's through 1929, many additional side 
channels developed in the study reach because of the overall increased 
number of islands. From 1929 to 1973, even more side channels were 
formed by the creation of many new islands resulting from the construc-
tion and operation of locks and dams in the study reach. Although 
dikes undoubtedly accelerated the closure of side channels, the process 
is ·generally ·a ·slow one -in -the study reach uf -the ·Mississippi River, 
and it is almost imperceptible in the Illinois River. 
Levees 

30. In 1891 there were more than 40 miles of non-Federal levees 
along the Upper Mississippi River bank in the study reach. These 
levees were occasionally breached or overtopped by major floods. How-
ever, by 1929, the levees had been upgraded to withstand large peak 
flows. Today, except for that portion of floodplain between the Upper 
Mississippi and Missouri Rivers, the floodplains in the study reach 
are protected from major floods by levees. {bverbank flows from the 
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Missouri River cross the floodplain and enter pool 26 upstream from 
the actual confluence of the Missouri River.) Using analytical techni-
ques to simulate the natural river and floodplain, it was estimated 
that existing levees in the study reach cause an increased stage of 
about 0.1 ft during a 40-day flood, assuming a typical yearly hydro-
graph with a peak inflow of 227,000 cfs. The levees thus have had no 
appreciable influence on flood peaks in the study reach. 

31. Levee construction has resulted in the channelization of 
many tributary creeks on the floodplain. The natural floodplain mor-
phology has been further altered by agricultural activities that have 
caused input of additional sediment to the river system. Although 
sedimentation on the floodplain outside the levees during flood events 
has been largely arrested, deposition between the levees adjacent to 
the channel continues. 

Sediment Transport 

32. Sand transport for the study reach in 1891 was estimated to 
be 13 percent greater than that estimated for the early 1800's. For 
1939, sand transport was estimated to be 11 percent greater than in 
1891. By hypothetically assuming that the gates of the dams were open 
year-round, the sand-transport rate in pool 25 during 1973 was esti-
mated to have increased to 3,200,000 tons per year, about three percent 
over that for 1929. Although upstream dams have decreased the overall 
amount of sediment that would be transported into the study reaches 
under natural upstream conditions, Locks and Dams 24, 25, and 26 
influence the movement and distribution of sediment that is delivered 
to the reach. 

33. At low and intermediate river flows, pool levels are held 
above the natural level by the dams. The resulting increased depth 
decreases the natural flow velocity and, consequently, overall sedi-
ment transport through each pool. Higher flow velocities in the 
upstream end of each pool promote greater sediment transport rates 
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than do more sluggish flow velocities in downstream pool areas. In 
general, therefore, erosion occurs in upper reaches of each pool, while 
deposition occurs in lower reaches. 

34. In contrast, control gates are fully opened during high-
volume flows and flow conditions approach those of the natural river. 
Deposition occurs in each upper pool area (eroded during low flow), 
and erosion occurs in each lower pool area (aggraded during low flow). 

35. These erosion-deposition cycles, attributable to the 
existence and operation of the locks and dams, recur yearly. Shallow 
river crossing areas in a pool accumulate a slightly larger amount of 
sediment during the deposition phase of the cycle than they lose 
during the erosion phase. Conversely, deep reaches of the pools under-
go a net deepening over the cycle. Thus, shallow upstream ends of each 
pools are aggrading, and deeper downstream areas are degrading. 

Dredging 

36. Records show that dredging was either not necessary or that 
funds were not available for dredging in pools 24, 25, and 26 until 
1949. Total amounts of sediment dredged during the period 1949 to 
1973 to maintain project depth were 2,090,000; 10,000,000; and 
9,120,000 cu yd for pools 24, 25, and 26, respectively. Efforts are 
frequently directed at a few troublesome sections in the pools that 
require recurring maintenance dredging. As an example, a section at 
river mile 266 in pool 24 has required dredging 15 times in 25 years; 
total 25-year volume of dredged material removed from this particular 
crossing was 1,600,00 cu yd for an average of 64,000 cu yd per year. 

37. Material dredged from the study reach is primarily composed 
of silt and sand. It is usually transported by pipeline to open-water 
disposal areas located along the bankline of the river channel, in 
dike fields, or on nearby islands. Part or all of the deposited 
dredged material is, of course, subject to resuspension and transport 
by subsequent flood flows. 
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Stage-Discharge Relationships 

38. Effects of the locks and dams on the geomorphology of the 
study reach are most readily quantified by river gage records. The 
Mississippi River study reach is bracketed by three gaging stations 
with relatively long-term discharge and stage records. In addition, 
the Corps has compiled stage records at Hannibal, Missouri, and at 
Grafton, Illinois (refer to Table 1 for locations of these and other 
physical features within the study reach). 
Discharge 

39. On the Upper Mississippi River, annual flood flows at the 
Keokuk, Iowa, gage (immediately downstream of Locks and Dam 19) have 
remained, on the average, unchanged during the past 110 years. Mean 
annual flows have been decreasing slightly at Keokuk; whereas, they 
have increased slightly at Alton. Annual minimum flows have been 
increasing at both gages, primarily because of regulated lockage 
flows resulting from increasing navigation traffic and because of in-
creasing withdrawal and use of upstream basin groundwater. 

40. The history of maximum, minimum, and mean annual discharges 
on the Illinois River at Meredosia, Illinois, does not show any detect-
able trends, due to variation in the data over the period of record. 
Stages 

41. At the Alton gage, below Locks and Dam 26, there 
is no detectable trend of increase or decrease in maximum annual stages 
in the 100 years of record. Minimum annual stages, however, decreased 
sharply after the mid-1930's, then increased sharply in 1960. The 
decrease was probably indicative of degradation below Locks and Dam 26, 
construction of which was completed in 1938; the increase, correspond-
ing to the completion of Dam 27 downstream, resulted from establishment 
of a minimum navigable pool level by that dam. 

42. Trends for both maximum and minimum annual stages at the 
Keokuk gage are similar to those stated above for the Alton gage, 
except that the decrease in minimum annual stage occurred in the 1920 
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Table 1 
Locations of Selected Features in the Study Reach 

Feature 

Lock and Dam 26 
Lock and Dam 2 5 
Lock and Dam 24 
Lock and Dam 2 2 

St, Louis, Missouri 
Alton, Illinois 
Grafton, Illinois 
Clarksville, Missouri 
Louisiana, Missouri 
Hannibal, Missouri 

Alton, Illinois 

Grafton, Illinois 

Meredosia, Illinois 

Hannibal, Missouri 

Keokuk, Iowa 

Mouth of Illinois River 
MOuth of Dardenne Creek 
Mouth of Cuivre River 
Mouth of Salt River 

River Mile 

Locks and Dams 

202,9 
241.4 
273.4 
201.2 

Cities and Towns 

179 
203 
218 
273 
283 
309 

Gages 

202.7 

218.0 

70.8* 

209.0 

264,2 

Confluences 

218.0 
227,0 
236.5 
284.2 

Location 

Alton, Illinois 
Cap Au Gris 
Clarksville, Missouri 

nrrmediately downstream of 
Lock and Dam 26 

Approximately 6 miles up-
stream of Lock and Dam 
26 

Approximately 77 miles up-
stream of Lock and Dam 
26 

Approximately 8 miles up-
stream of Lock and Dam 
22 

Immediately downstream of 
Lock and Dam 19 

In Pool 26 
In Pool 26 
In Pool 26 
In Pool 24 

*Illinois River Mile measured from the corifluence of the Illinois and 
Mississippi Rivers, 
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to 1940 period. Records of both the Grafton gage in pool 26 and the 
Hannibal gage in pool 22 show a large increase in minimum annual stage 
after 1940, coinciding with impoundment of pools behind locks and dams 
to raise minimum water levels during low flow. 

43. In the 1890's, minimum annual stages at Meredosia on the 
Illinois River began responding to increasing amounts of Lake Michigan 
water being diverted into the Illinois River through the I&M Canal. 
This increase was caused by rapid urbanization of the Chicago area and 
inherent increases in wastewater return flows. Increased minimum 
stages since 1940 reflect the influence of pool 26 on the Lower Illi-
nois River. 
Stage versus discharge 

44. Upstream discharges were synthesized for stages correspond-
ing to those at Hannibal to account for tributary backwater effects at 
gaging stations. These data were necessary to provide a basis for 
long-term comparisons of stage-discharge relationships in the upstream 
study reach. Analysis of the data indicated that the basic flood 
stage-discharge relationship at Hannibal has not changed appreciably 
during the period of record from 1851 to 1973. Thus, a particular 
flood event today produces about the same water-level stage at Hannibal 
as it would have prior to the existence of locks and dams in the down-
stream study reach. 

Predicted Future Changes 

45. A mathematical model was developed by CSU to the 
effects of locks and dams and the interactions between the Mississippi 
River and its main tributaries on the geomorphology of the rivers and 
adjacent lands. Several alternative operation and maintenance pro-
cedures were examined and discussed here. A detailed description of 
the mathematical model is given in the CSU report. 

46. The following alternative operation and maintenance pro-
cedures were examined through the use of the mathematical model: 
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Continue present operational practices. 
b. Increase normal pool levels one ft. 
£. Decrease normal pool levels one ft. 

Limit sediment inflow. 
Permit maximt.nn sediment inflow. 

f. Dredge problem areas. 
R· Increase height of dikes. 

In addition to the alternative operation and maintenance procedures, 
effects of the increased boat traffic were analyzed. 

47. Geomorphic changes expected during the next SO years in 
pools 24, 2S, and 26 were predicted for each of the alternative condi-
tions using available data on hydrologic and physical conditions input 
to the mathematical model of the river system. Although some of the 
alternative conditions appeared to be infeasible, some to be unrealis-
tic, and others to be both infeasible and unrealistic, each condition 
was imposed upon the existing project to identify extreme boundary 
conditions. This process served a useful function in assessing future 
effects. 

48. Geomorphic response of the river system in the study reach 
depends largely on the quantity of water and sediment entering the 
system, assuming stable operating procedures for locks and dams. A 
study of historical records of river flows led to the conclusion that 
observed peak discharges and flow volt.nnes during the period 1932 to 
1973 are representative of those that could be reasonably expected to 
occur during the next SO years. Although the amount of silt and clay 
sediments entering the study reach depends mainly on basic land-use 
practices, it was asst.nned that these sediment contributions will remain 
low. 
Alternative A - continue present operation and maintenance practices 

49. Riverbed. Table 2 summarizes predicted riverbed elevation 
changes in the study reach over the next SO years. During the next 
SO years, pool 24 can be expected to degrade, on the average, about 
l.S ft overall. The upper half will degrade to a maximt.nn of 2.S ft 
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Table 2 

Future Riverbed Elevation Changes if Present Operation 
and Maintenance Practices Are Continued 

Riverbed Elevation Changes after 1975, ft* 
River Location 1985 1995 zoos 2015 2025 

Upper Mississippi Pool 26: 
Below Illinois River 1.1 0.4 0.2 0.6 0.6 
Middle third 0.2 0.5 0.3 0.4 0.2 
Next eighth 3.5 2.8 2.2 1.8 1.2 
Upper eighth -1.9 -3.7 -4.9 -6.0 -6.7 

Pool 25: 
Lower quarter -0.9 -0.7 -1.1 -1.1 -1.0 
Lower middle quarter 0.1 -0.9 -0.3 -0.3 -0.2 
Upper middle quarter 0.0 1.0 1.5 1.8 1.9 
Next eighth 1.9 1.9 2.3 3.0 3. 2 I 

Upper eighth -2.0 -2.7 -1.3 -2.6 -3.0 

Pool 24: 
Lower quarter 0.1 1.1 0.7 0.7 0.3 
Lower middle quarter 1.1 0.7 -0.5 -1.1 -1.2 
Upper middle quarter -0.2 -1.8 -2.8 -2.7 -2.7 
Upper quarter -1.5 -0.7 -1.1 -2.1 -2.4 

Lower Illinois Pool 26: 
(80-mile reach) Lower third 0.1 0.2 0.3 0.3 0.4 

Middle third -0.2 -0.6 -1.0 -1.3 -1.5 

Positive changes signify aggradation and negative changes degradation of the riverbed .. 
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below the 1975 riverbed level and will reach equilibrium about the year 
2000. At this equilibrium point, sand transport in the upper half 
declines, and the sediment supply to the lower half diminishes. Conse-
quently, bed degradation in the lower half of pool 24 will begin about 
1995, causing its previously aggraded bed to erode. 

50. In pool 25, three ft of degradation will occur immediately 
below Locks and Dam 24. Downstream from this degraded reach lies a 
braided reach with low sediment-transport capability in which three ft 
of aggradation is anticipated. In the lower half of pool 25, riverbed 
degradation is expected through year 2000 because of the retention of 
large amounts of sediments in the upper pool reach. After year 2000, 
however, as the upper reach equilibrium and passes more 
sediment load, degradation in the lower reach will decrease and even-
tually cease. 

51. In pool 26, the riverbed located immediately downstream of 
Locks and Dam 25 will degrade during the next 50 years. A 3.5-ft 
aggradation will occur within the first 10 years after 1975 in the 
lower end of the pool. After 10 years, the aggradation rate will de-
cline until finally, near the end of the 50-year period, degradation 
will begin as sediment transport into the lower half of pool 26 
dwindles. 

52. In the Lower Illinois River, a relatively flat gradient 
minimizes sediment-transport rates. Thus by the year 2025, only 1.5 
ft of degradation is expected in the upper third of the reach and 
about 0.4 ft of aggradation is expected in the lower two-thirds of the 
reach. These changes are detailed in Table 2. 

53. Floodplain deposits. Heights of natural banklines on the 
Upper Mississippi and Lower Illinois River are estimated to increase 
2.5 and 1.8 ft, respectively. Deposits of silt and clay sediments 
within the unprotected floodplain along the Upper Mississippi and 
Lower Illinois Rivers are expected to accumulate to depths of up to 
1.0 ft. 
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Alternative B - increase normal pool levels one ft 
54. Geomorphic changes caused by a one-ft increase in normal 

pool level would not be significantly different from those inherent 
with normal operation. Sediment transport in the study reaches would 
be reduced, and silt and clay deposition rates on the floodplain would 
increase by about 10 percent. 
Alternative C - decrease normal pool levels one ft 

55. Decreased pool levels would increase sediment-transport 
rates in the study reaches. Thus, degradation in upper pool areas 
would be more severe, and lower pool aggradation would decrease. 
Alternative D - limit sediment inflow 

56. If it were possible to limit sediment from upstream sources 
above Locks and Darn 24, maximum rates of degradation would occur 
throughout the study reach, as indicated in Table 3. In upper pool 24, 
riverbed degradation in excess of six ft would be a reasonable expecta-
tion if present project operations were continued and inflow of up-
stream sediments were denied. Although the bed could degrade more, 
calculations were terminated at 5.9 ft because of lack of information 
on physical characteristics of bed material below this depth. However, 
even under these circumstances, degradation would not begin in lower 
pool 24 until year 2015; in pool 25 and 26, the riverbed would be 
scarcely affected even at the end of the 50-year period. 
Alternative E - permit maximum sediment 

57. If no upstream obstructions existed to hinder downstream 
transport of sediment into the study reach, the riverbed of pool 24 
would undergo a two- to three-ft aggradation over the next 50 years, 
as shown in Table 4. However, effects of discharging the maximum 
sand load into pool 24 would not extend beyond Locks and Darn 24 during 
the 50-year period. 
Alternative F - dredge problem areas 

58. A crossing in pool 25 that has required extensive dredging 
on a recurring basis was studied. The necessary dredging operation 
was identified, and the resulting reach configuration was modeled, 
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Pool 

Pool 

Pool 

Table 3 

Future Riverbed Elevation Changes 
Assuming No Sand Transport into Pool 24 

Riverbed Elevation Changes 
Location 1985 1995 2005 

26: 

Below Illinois River 1.1 0.4 0.1 
Middle third 0.2 0.5 0.2 
Next eighth 3.5 2.9 2.2 
Upper eighth -1.9 -3.7 -5.0 

25: 

Lower quarter -0.8 -0.8 -1.1 
Lower middle quarter 0.1 -0.8 -0.3 
Upper middle quarter 0.0 1.0 1.6 
Next eighth 1.9 1.9 2.2 
Upper eighth -2.1 -2.9 -1.6 

24: 

Lower quarter 0.1 1.1 0.6 
Lower middle quarter 1.0 0.6 -1.1 
Upper middle quarter -0.3 -2.6 -5.1 
Upper quarter -4.3 

after 1975, ft* 
2015 2025 

0.5 0.5 
0.4 0.1 
1.8 1.2 

-6.0 -6.7 

-1.0 -1.1 
-0.3 -0.2 
1.8 2.1 
2.9 3.2 

-3.0 -4.0 

0.5 -0.1 
-2.0 -3.0 
-5.9 

* Positive and negative changes signify aggradation and degradation, respectively. 
Dashes indicate that no value was calculated. 
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Table 4 

Future Riverbed Elevation Changes 
Assuming Maximum Sand Transport into Pool 24 

Riverbed Elevation Changes since 1975, ft* 
Location 1985 1995 2005 2015 2025 

Pool 26: 

Below Illinois River 1.2 0.5 0.2 0.6 0.6 
Middle third 0.2 0.6 0.3 0.4 0.1 
Next eighth 3.6 3.0 2.2 1.9 1.3 
Upper eighth -l. 9 -3.7 -5.0 -5.8 -6.7 

Pool 25: 

Lower quarter -0.9 -0.8 -l. 0 -1.3 -1.4 
Lower middle quarter 0.1 -0.8 -0.3 -0.3 -0.1 
Upper middle quarter 0.0 l.l 1.6 1.9 2.3 
Next eighth 1.9 2.0 2.3 3.2 3.5 
Upper eighth -l. 9 -2.8 -l. 2 -2.2 -3.0 

Pool 24: 

Lower quarter 0.1 l.l 1.3 1.5 1.8 
Lower middle quarter l.l 1.2 1.2 1.4 2.2 
Upper middle quarter 0.0 0.0 0.1 1.2 1.5 
Upper quarter 1.7 2.5 2.7 2.9 2.5 

Positive and negative changes signify aggradation and degradation, respectively. 
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simulating several dredging and disposal alternatives. It was found 
that without dredging, the crossing aggraded and the pool area degraded. 
A dredged cut in a crossing may thus cause a larger amount of erosion 
immediately downstream than would occur without dredging. 

59. Two promising approaches to the dredging problem in pools 24, 
25, and 26 exist: (1) realign and narrow troublesome reaches with 
dikes to decrease the amount of dredging required; and (2) place 
dredged material in downstream navigation pools. The second alterna-
tive would require further investigation. 
Alternative G - increase height of dikes 

60. Development of the Mississippi River navigation channel 
required high dikes in the middle river and low dikes in the upper 
river. Response to navigation development has therefore been different 
in these two reaches: flood stages were increased in the middle river 
due, at least in part, to the high dikes; flood stages remained about 
the same in the upper river. Also, during dike construction the study 
reach of the upper river aggraded overall; the bed of the middle river 
degraded appreciably. 

61. The dikes in the study reach were low in comparison to bank-
full stage; whereas, the high dikes more effectively concentrated all 
flows in the navigation channel. Much higher sediment loads, contrib-
uted by the Missouri River, are transported by the middle river. The 
combination of large sediment loads and confined, concentrated, high-
energy flows in the middle river transformed a part of this river 
channel into floodplain, decreasing channel capacity during flood 
flows. In the upper river, channel capacity has not changed appreci-
ably because the dikes were relatively low and sediment loads minimal. 

62. Thus, it can be seen tl1at increasing the height of low dike 
fields would be very effective in producing degradation if tpe dikes 
were sufficiently long in relation to river width. Flood stages may 
be increased, however, if dikes excessively constrict or reduce the 
available cross-sectional flood flow area. 
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Effects of increased boat traffic 
63. In general, resuspension of riverbed sediments and bank 

erosion will increase with increased river traffic, particularly during 
low flow conditions. The Lower Illinois River is more susceptible to 
resuspension of bed material than the Upper Mississippi because of the 
fine-grained bed material and the shallow channel. Large, deep-draft, 
slow-moving tows cause most of the resuspension and fast-moving plea-
sure craft usually generate the highest, most erosive waves. 

Summary and Conclusions 

64. The pronounced degradation and large increase in the number 
of islands in pool 24 were the most apparent responses of the Upper 
Mississippi River to the construction of Locks and Dams 24, 25, and 26, 
and other upstream dams. After 34 years of project operation, the 
riverbed in pool 24 had aggraded slightly, but the level that existed 
prior to construction of the existing project had not been achieved. 
Riverbed levels in pools 25 and 26 were lower in 1971 than in 1929. 

65. After 34 years of project operation, more side channels 
exist in the study reach of the Upper Mississippi River than existed 
prior to project development. 

66. Levees in the study reach have had no appreciable effect on 
flood peaks. Many tributaries on the floodplain have aggraded due to 
the increased low flow stages in the navigation pools. Annual flood 
discharges at Alton, Illinois, and Keokuk, Iowa, have remained un-
changed in the last 110 years. Mean and minimum annual flows at 
Alton have been increasing slightly. Significant increases in annual 
minimum stages occurred immediately upstream from navigation dams. 

67. Changes in delivery of sediment from upstream of Locks and 
Dam 22 would not, over a 50-year period, significantly affect the 
morphology of the study reach below Locks and Dam 24. 

68. The existing manner of operation does not have any poten-
tially serious detrimental effects on the geomorphology or hydraulics 
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of the river system in the study reach. From the data available for 
this study, it is concluded that dikes have accelerated closure of some 
side .channels, while not affecting others. However, the closure of 
side channels in the study reach of the Mississippi River is a slow 
process and is almost negligible on the Illinois River. Fifty years 
from now, assuming continued current operation and maintenance activi-
ties, the river scene in the study reach will be essentially the same. 
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PART IV: VEGETATION 

69. This part of the report summarizes a study conducted during 
1974 by the Missouri Botanical Gardens OMBG) under Contract No. 
DACW39-74-0088. The purpose of the study was to characterize the 
vegetation and vegetative successional patterns of the floodplain and 
to determine the impacts of existing operation and maintenance activi-
ties on vegetation. The results of several published reports on the 
Mississippi River floodplain vegetation were integrated with the 
findings of the extensive MGB field sampling program. 

70. Vegetation maps* were produced, and the reciprocal relation-
ship of vegetation and geomorphology was discussed. Changes in geomor-
phology often act as a major determinant of plant associations and 
distributions by causing accretion or erosion along the river. Vegeta-
tion also affects the geomorphology of the area by increasing bank 
stability and retarding erosion. The vegetation maps, showing the 
banding of communities along the rivers and around islands in the 
rivers, illustrate the effects of geomorphology and flooding on vegeta-
tion. The interrelationship of vegetation and river geomorphology was 
considered in predicting impacts of operation and maintenance 
activities. 

Scope of MBG Study 

71. Semiquantitative data in the form of cover classes of 
vegetation were collected at 116 sites scattered throughout the study 
area. Tne sites included mainland- o-ld- fie-lds-, wetlands-, and- forests-;-
levees; dikes; islands; and dredged material disposal sites. 

* Maps are contained in pocket at the back of report. 

33 



Vegetational Categories 

72. Floodplain vegetation was classified as either nonforest or 
forest. The nonforest category included old fields, usually dominated 
by cocklebur and yellow nutgrass, and wetlands, most often dominated by 
American lotus, arrowhead, and smartweed. There were five generally 
distinct forest types: 

a. Willow 
b. Silver maple-cottonwood 
c. Silver maple-cottonwood-pin oak 
d. Pin oak 
e. Oak-hickory 

73. Cover classes, species composition and diversity, and domi-
nance were determined for all the vegetation types at the various sites. 
Highly disturbed areas, such as old fields, pastures, croplands, and 
urban areas, were assigned to an "anthropogenic land" category but 
were not mapped. 

Communities 

74. The degree (i.e., depth), frequency, and duration of inun-
dation by flood waters are major determinants of plant community types 
and species composition in the floodplain. Land accretion and flooding 
are integral mechanisms of floodplain succession. It is principally 
the variation in flooding tolerance of the various tree species that 
results in the banded pattern of vegetation encountered as one moves 
away from the river or toward the center or higher parts of an island. 
Wetlands 

75. Standing water exists all or most of the time in wetlands. 
Wetland communities can be divided into three major groups based on 
physiognomy: forb dominated, graminoid dominated, and those dominated 
by broadleaf, deciduous trees. These major groups also fall along a 
moisture gradient. 
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76. In deeper or open water, American lotus and/or arrowhead 
dominate, followed by duckweed, pondweed, and smartweed, each having 
variable cover. Closer to shore, mud plantain, water primrose, willow, 
and various grasses and sedges begin to dominate. As the water becomes 
shallower, seedlings of various invading tree or shrub species, such as 
willows, silver maple, cottonwood, and buttonbush, may appear as indi-
cators of future forest. 
Forest 

77. Willow community. Willow communities are pioneering 
communities usually found as a narrow band along riverbanks and slough 
areas along the Mississippi and Illinois Rivers where they form an 
almost continuous band. Such communities are also found along develop-
ing ends of growing islands that are subject to frequent and prolonged 
flooding. As willows invade new areas, they slow flood waters and 
trap sediment, thereby building up the land that eventually allows 
other species to colonize. 

78. Willows initially form dense, relatively pure stands in 
which ground cover and herbs are sparse. As the stands mature, the 
trees reach 30 to 60 ft in height. Shade produced by the adult trees 
prevents the growth of willow seedlings, which are shade intolerant, 
and a more open cottonwood-silver maple community eventually replaces 
the willows. 

79. Silver maple-cottonwood community. This is the most exten-
sive forest community along the Mississippi and Illinois Rivers. This 
community usually occurs as a band landward of the willow community 
but occasionally borders directly on the shore. The silver maple is 
usually the primary invader of forest openings created by flooding 
disturbance and blowdowns of large trees. Best developed on the 
unprotected floodplain, a silver maple-cottonwood community can with-
stand limited annual flooding but is less flood tolerant than a willow 
community. 

80. The silver maple-cottonwood canopy is often over 60 ft high. 
Silver maple usually comprises 75 percent of the cover in this stratum 
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and cottonwood about 25 percent. Various other tree species, such as 
willow, American elm, red mulberry, pecan, and box elder, occur 
in lower strata. Pin oak occurs in some of these stands, varying from 
almost negligible numbers to a codominant. In the latter case, the 
forest is referred to as a silver maple-cottonwood-pin oak community. 

81. A few vines, such as wild grape, poison ivy, catbriar, and 
trumpet vine, are nearly always present in these communities, but all 
have relatively low cover. Ground cover is relatively sparse but is 
likely to consist of lizard's tail, smartweed, stinging nettle, tall 
white aster, and other weed species. The forest floor is frequently 
littered with the debris of past floods. 

82. Silver maple-cottonwood-pin oak community. This community 
occurs mainly along the Mississippi River in areas bordering silver 
maple-cottonwood and pin oak communities. It is physiognomically 
similar to the silver maple-cottonwood community, but its species 
composition resembles that of the pin oak community. 

83. Silver maple and pin oak are dominants and each has a cover 
of approximately 25 percent. Cottonwood is less common, and its cover 
varies from one to 25 percent. Many other common tree species occur in 
this community. In addition to several of the species found in silver 
maple-cottonwood forests, other species, such as roughleaf dogwood, 
deciduous holly, and American sycamore, also occur. Vines, uncommon 
to abundant, are similar to ones found in other forests of the area. 
There are a few common herbs, the principal ones being lizard's tail 
and smartweed. 

84. Pin oak community. This community is most common on the 
protected floodplain of the Mississippi, although it also occurs in 
unprotected areas as well. It is not as widespread on the floodplain 
of the Illinois River apparently due to extensive logging. It is a 
relatively open community and the absence of flooding is evidenced by 
the presence of small tree seedlings in the herbaceous layer. More 
tree species occur in this forest type than in other floodplain 

36 



communities, and the presence of many of these in over half of the 
sites examined indicates a more shared dominance. 

85. Oak-hickory connntmity. This rather unconnnon conununity, 
found only in the study area on the Pleistocene terraces in Calhoun 
County, Illinois, differs in species composition from the typical up-
land oak-hickory community of the Midwest and is unique among flood-., 
plain forests in the study area. These Pleistocene terraces provide a 
more or less unique habitat in that they are situated on the historical 
floodplain yet are not typical upland sites. Their unusual character 
warrants their preservation as areas of botanical interests. 

86. Two species of hickory and six important species of oak 
occur, but all have relatively low cover except for swamp white oak, 
which may have a cover of 25 to SO percent. Only a few other tree 
species occur here. However, some of these, northern red oak, shingle 
oak, wild black cherry, black walnut, chinquapin oak, and post oak, 
were found only on these terraces. Vines are relatively scarce and 
herbs are sparse, the most common herbs being May apple and touch-me-
not, two species that are commonly found in moist, low woods. 
Islands 

87. MBG chose a small, rapidly growing island, designated 
"Degenhardt Island," at Mississippi river mile 238 for their study of 
island development and succession. Figures 2 and 3 illustrate the 
growth of the island since 1959 and its present community structure. 
Succession on islands begins with a thin carpet of common weedy herba-
ceous species around the periphery or growing edges followed by willow, 
willow-cottonwood, and ultimately silver maple communities progressing 
from the water's edge. Succession on Degenhardt Island seems to be 
following trends noted by Shull (1922, 1944) on an island in the lower 
Mississippi. 
Revetments 

88. Seven sections of revetment, five on the mainland and two 
on islands in the Mississippi River, were inspected by MBG. The island 
revetments studied tend to be sparsely colonized and then only by a 
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few, scattered, weedy species. In this respect they resemble the 
growing tips of islands. Possibly the high degree of disturbance 
accounts for these similarities. Mainland revetments are also rather 
sparsely vegetated and except for willows, which occurred at all the 
sites sampled, the species composition is variable though weedy. 

Flora and Regional Relationships 

89. While the major species found in floodplains of the Missis-
sippi and Illinois Rivers are widespread species, the communities found 

' here are in many ways distinctive. Floodplain forests in the study 
area have their closest affinities with those forests immediately to 
the south and north along the Mississippi River (Braun, 1950; Hossner 
and Minckler, 1963; Kuchler, 1964; Terpening et al., 1973). Farther to 
the south (south of Cape Girardeau, Missouri) and east, tupelo and 
bald cypress set these forests apart from those of the study area; 
farther to the west, silver maple becomes unimportant; and farther 
north, the composition of the herbaceous layer is different (Ware, 
1955). The oak-hickory community on the Pleistocene terraces in 
Calhoun County, Illinois, is quite unique and there is no close analog 
to it on the floodplain. 

Rare and Endangered Species 

90. In general the floodplains and islands of the study area 
have few habitat for rare plant species because of the high degree of 
disturbance. These conditions favor weed species, which are prolific 
seed producers, have easil)' dispersed seeds, and tolerate disturbance. 

91. Among species on the Missouri rare and endangered species 
list (none has been compiled for Illinois or for the United States as 
a whole), only the American were found in the study area. Elms 
may be important members of :;ilver maple forests, but they have become 
endangered due to the spread of Dutch elm disease. Although not 
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collected, three other rare or endangered herbaceous vascular plants 
probably occur in the study area: adder's tongue (fern), which is 
associated with lowland woods; arrow arum, which is associated with wet 
ground adjacent to sloughs and oxbow lakes; and rose turtlehead, found 
in bottomland habitats. 

Succession 

92. Succession explains temporal changes in species composition 
and, 1n the absence of major disturbance, usually proceeds in an 
orderly fashion from a relatively unstructured pioneer community to 
some stable, structured, self-perpetuating climax community. Typically, 
vegetation changes its own environment over a period of time so that 
succession is to a large extent controlled by the vegetation. 

93. Generally, shading plays a major role in succession with 
more shade-tolerant species eventually replacing less shade-tolerant 
species, which become incapable of reproducing under their own canopy. 
However, external, pl1ysical conditions, such as soil, temperature, 
geomorphic processess, flooding, or fire, may also play a major role. 
Influences produced or exerted by the vegetative community, such as 
shading or the production of leaf litter, for example, are termed 
autogenic factors; whereas, those influences exerted by the physical 
environment are termed allogenic factors. Correspondingly, succession 
may be primarily autogenic, allogenic, or a combination of both. 

94. Succession on the floodplain is largely allogenic, since 
land building is an integral part of succession here. Actually, a 
gradient exists between purely autogenic and purely allogenic succes-
sion, with autogenic factors becoming more important with each 
succeeding stage of succession, or as one moves away from the river's 
edge. Once the climax community is reached (oak-hickory or pin oak 
forest in the study area, possibly maple-ash-elm in time), the species 
of that community will continue to reproduce themselves under their 
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own canopy in the absence of any disturbance. On the floodplain, 
however, succession is usually interrupted between pioneer and climax 
stages by flooding or by blawdowns of large trees. 

95. From a dense, unilayered, nearly pure willow community at 
the river's edge, as one moves landward, the vegetation changes 
parallel to a large extent the changes in geomorphology. Dominants 
change and species diversity as well as structural diversity increases 
landward. Generally, as one moves away from the river, succession on 
the floodplain is as follows: willow community; silver maple-cotton-
wood community; silver maple-cottonwood-pin oak community; pin oak-
oak-hickory; or possibly maple-ash-elm climax community (Figure 4). 

96. Primary succession is initiated when newly formed land is 
colonized by plants. These primary invaders are usually widespread, 
opportunistic species that produce many, easily dispersed propagules* 
and that are capable of tolerating the relatively harsh conditions 
encountered on these newly established sites. After an established 
community is disturbed, however, as by flooding, fire, cultivation, 
or other means, the successional pattern initiated following this dis-
ruption is termed secondary succession. Depending on the type and 
extent of the disturbance, the invading plant species may or may not 
be the same as the original primary invaders. 

Impacts 

Revetments 
97. Revetments usually have minimal adverse effect on vegeta-

tion; on the contrary, by stabilizing steep banks, they keep erosion 
to a minlinum and thus make land available for colonization by plants. 
Most species found here are widely distributed. 

*A propagule is any plant part capable of reproducing that plant: a 
seed, spore, bulb, or rhizome (underground stem as in grasses). 
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Levees 
98. Levees artificially create a more xeric (drier) environment 

on the protected floodplain and may accelerate succession in protected 
areas. In over 75 percent of the protected forested areas examined, 
pin oak was more important than in unprotected forests in the same 
area. In addition, and most importantly, the construction of levees 
allows bottomland hardwood forest to be cleared for cultivation and 
other uses. Thus construction of levees generally indirectly results 
in loss of forest land. 
Dikes 

99. Dikes effectively narrow the river and tend to trap sedi-
ment in the downstream reach and thus extend the habitat for already 
widespread flood-tolerant species. 
Dredged material disposal sites 

100. Most dredged material is deposited underwater in the study 
area and thus does not provide habitat area for vascular plants. When 
sufficient material is deposited to form an island, it may provide 
additional habitat for already widely distributed species. Most of 
these island sites, however, erode before plants become established. 

101. If dredged material is deposited over existing vegetation, 
it may, depending on the community, depth of deposition, and type of 
dredged material, alter successional trends. The potential damage 
that dredged material deposition can cause to a plant community is 
generally greater in a wetland or mature forest community than in a 
relatively unstructured weedy, herbaceous, or willow community. 
Because weedy herbs are generally the first to colonize a disturbed 
area, they could recolonize dredged material in a relatively short 
time. But a marsh that is covered to any significant depth would be 
destroyed unless proper management techniques are applied, and a 
forest that has dredged material deposited on it to any significant 
depth will lose its herbaceous layer of vegetation and many of the 
trees as well, depending on the depth of the disposed dredged material. 
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Pool regulation 
102. To the extent that pool regulation inundates areas that pre-

viously were only periodically flooded, vegetational changes will 
ensue as river width is increased immediately upstream and decreased 

downstream of the locks and dams. Permanent flooding will 
kill less tolerant species and a migration of communities based on 
flooding tolerance will occur. Depending on geomorphic conditions, 
three types of situations could result. Where the topographic gradient 
is gentle, communities would simply be displaced. If, on the other 
hand, the topographic gradient were gentle near the river and then 
suddenly became steep, the most flood-tolerant community would expand 
and the less flood-tolerant one would be squeezed to a minimum. 
Finally, if the new pool level extends to a steep bank that is not 
inundated, the flood-tolerant communities would be eliminated. 

103. Pool regulation also affects nonforest vegetation. Stabili-
zation of minimum water levels in backwater areas may promote marsh-
lands and the spread of aquatic emergents; but, because marshes retain 
sediment and therefore tend to progress to forest, artificial manage-
ment would be necessary to maintain the marshland in a preclimax stage. 

Summary and Conclusions 

104. The vegetation alo11g the Upper Mississippi and Lower Illi-
nois Rivers has been largely determined by the degree of flooding and 
geomorphic processes of the area. The vegetation, however, can affect 
geomorphic processes along rivers either by stabilizing banks and 
islands or causing accretion by trapping sediment. 

105. The species found in the study area are, on the whole, 
widespread and the floodplain communities are similar to those immedi-
ately to the north and south along the Mississippi River. The only 
exceptions are the rather unique oak-hickory forest communities found 
on the Pleistocene terraces in Calhoun County, Illinois. These oak-
hickory forests warrant preservation because of their botanical and 
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historical interest. Rare and endangered species are unlikely to occur 
in the study area because the high degree of flooding and siltation 
tends to favor more widespread, weedier species. 

106. The most extensive community along the floodplain is the 
silver maple-cottonwood community; the least widespread is the oak-
hickory. Succession tends to proceed toward climax from the water's 
edge landward. Structural diversity and species diversity also 
increase in this direction. Tolerance of species to flooding decreases 
as distance from the river's edge increases. Thus flooding may destroy 
a pin oak or oak-hickory forest while leaving a willow community 
relatively unaffected. 
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PART V: WILDLIFE 

107. The study by Southern Illinois University (SIU) character-
ized the animals and their habitats in the study area by integrating 
results of a comprehensive literature survey and a field investigation 
in selected areas. This part is a summary of the SIU report (Contract 
No. DACW39-74-C-0107). 

Major Habitats 

108. The assessment of probable changes in the distribution and 
abundance of animal populations in response to man-induced perturba-
tion of a river system can best be addressed indirectly by determining 
the probable changes in plant communities. An extensive literature 
search and a limited field sampling program were undertaken to identify 
the major habitat types and associated animal species in the study 
area. Seven general wildlife habitat types were identified in the 
floodplain: floodplain forest, backwater area, river and stream, sand-
bank and mudflat, old field-disturbed, cultivated field, and buildings. 

109. A list of vertebrates expected to occur in each habitat 
type in the study area (Table 5) was compiled using information 
gathered primarily from general field guides (e.g., Burt and . 
Grossenheider, 1964; Conant, 1958; and Robbins et al., 1966}; compre-
hensive works on specific animal groups, -such as Hall and Kelson (1959); 
sources pertaining to regional distributions of fauna (e.g., Anderson, 
1965; Fawver, 1947; Hoffmeister and Mohr, 1957; Schwartz and Schwartz, 
1959; Smith, 1961; and Wiley, 1968); autecological studies; published 
observations; personal communication with knowledgeable individuals; 
and field collections and observations. For a complete list of infor-
mation sources used see Terpening et al. (1975). 
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Table 5 

Numbers of Vertebrates Expected and Observed in Various llabitats 

Birds olanunals !lerpti les Totul 
flab i tu t l):Jle Expected Observea !:.'_xpecte<I Observe<I o6serveu l'xpecteJ 05servecT 

Floodplain forest 142 62 28 lD 27 8 197 80 
Buch·water area 141 37 5 3 4r .) 17 191 57 
River and stream 91 44 4 2 zc, 7 121 53 

Sandbank and mudflat 50 12 6 4 26 3 82 19 
Old field-disturbed 123 59 32 13 33 9 lSS 81 

Cultivated field 60 15 24 4 19 4 103 23 
Buildings so 26 11 2 5 (J(J 

Floodplain forest habitat 
110. The floodplain forest habitat occurred along 80 percent of 

all transects sampled in the unprotected floodplain and primarily con-
sisted of willow and silver maple-cottonwood communities with the 
silver maple-cottonwood community being the most abundant plant asso-
ciation in the floodplain forest habitat. More species of vertebrates 
(197) were expected in the floodplain forest than in any other habitat 
type. 

111. Mammals frequently observed in this habitat included the 
oposstnn, fox squirrel, white-footed mouse_, r.accoon., striped skunk, and 
white-tailed deer. The relative abundance of small mammals based on 
trapping success was lowest in the floodplain forest. Low abundance 
and diversity of small mammals was attributed to a sparse layer of 
herbaceous vegetation caused by frequent flooding and resultant silta-
tion. 

112. The floodplain forest potentially provides food, shelter, 
and/or nest sites for an expected 142 species of birds. Birds seen at 
three or more of the seven study sites in the floodplain forest were 
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the great blue and green herons; bobwhite; yellow-billed cuckoo; 
ruby-throated hummingbird; common flicker; pileated, red-bellied, 
red-headed, and downy woodpeckers; great crested flycatcher; eastern 
wood pewee; rough-winged and barn swallows; blue jay; common crow; 
chickadee (species undetermined); tufted titmouse; white-breasted 
nuthatch; house and Carolina wrens; American robin; blue-gray gnat-
catcher; starling; prothonotary warbler; house sparrow; red-winged 
blackbird; northern oriole; common grackle; cardinal; indigo bunting; 
American goldfinch; and song sparrow. 

113. American and Fowler's toads, as well as Blanchard's cricket 
and leopard frogs, were frequently observed around the perimeter of 
flooded shallow depressions and ditches in the floodplain forest. 
Neither salamanders nor the expected ground skink were observed. It 
is speculated that habitat alteration caused by heavy silt deposits 
that covered leaf litter and debris had reduced the abundance of these 
organisms in the floodplain. Several nonpoisonous and at least two 
species of poisonous snakes, the timber rattlesnake and the northern 
copperhead, were expected to inhabit the floodplain forest; one 
copperhead was observed. Complete listings of species that were 
observed or expected to occur in each habitat type can be found in the 
report by Terpening et al. (1975). 
Backwater area habitat 

114. Lakes, ponds, marshes, sloughs, and drainage ditches were 
classified as backwater areas. These areas are essential to the main-
tenance of biological diversity in the study area. Backwater areas 
were similar in importance to the floodplain forest based on the 
number of animals (191) expected to use them. 

115. Mammals observed in backwater areas were the muskrat, 
raccoon, and beaver. Also expected to occur but not observed were the 
mink and the river otter, which are classified as rare in Illinois and 
endangered in Missouri (Illinois Nature Preserve Commission, 1971; 
Missouri Department of Conservation and U. S. Department of Interior, 
1974). 
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116. Backwater areas provide productive feeding areas amid the 
floodplain forest for many species of birds. Swimming and diving birds, 
wading birds, and shorebirds accounted for approximately half of the 
141 birds expected to use backwater areas. Also expected were various 
raptorial and passerine species. Commonly observed species included 
the great blue and green herons, wood duck, spotted and solitary sand-
pipers, great crested flycatcher, rough-winged swallow, Carolina wren, 
prothonotary warbler, and cardinal. 

117. Backwater areas also provide essential habitat for amphib-
ians and reptiles; 45 species were expected to occur in the study 
area. The bullfrog; northern and southern leopard frogs; midland 
painted, red-eared, and map turtles; and yellow-bellied and diamond-
backed water were observed in this habitat. 
River and stream habitat 

118. River and stream habitat consisted of the Mississippi and 
Illinois Rivers and their tributaries in the study area. Vegetation 
was essentially lacking in this habitat. Emergent snags, stumps, and 
debris were important as resting, perching, and basking areas for birds 
and reptiles. 

119. Mammalian inhabitants of the river and stream habitat were 
similar to those described for backwater areas. However, it cannot 
be assumed that the abundance of certain mammals is similar in the two 
habitats. 

120. Over half of the 91 species of birds expected to use river 
and stream habitat belong to the following categories: waterfowl, 
fish-eating raptors, terns, gulls, and crows. The remaining 40 species 
were passerines and were expected to occur in this habitat primarily 
because of their preference for vegetation near rivers and streams. 
Commonly observed birds included the wood duck, yellow-billed cuckoo, 
downy woodpecker, rough-winged and barn swallows, common crow, chicka-
dee (species undetermined), tufted titmouse, prothonotary warbler, 
house sparrow, red-winged blackbird, common grackle, cardinal, indigo 
bunting, American goldfinch, and song sparrow. 
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121. Twenty-six species of amphibians and reptiles were expected 
to occur in this aquatic habitat. Bullfrogs and leopard frogs were 
frequently observed around brush piles and vegetation near banks. 
Other species observed in rivers and streams were the midland painted, 
red-eared, and map turtles; and the diamond-backed and northern water 
snakes. 
Sandbank and mudflat habitat 

122. Sandbanks and mudflats are closely associated with the 
rivers and backwater areas and are influenced primarily by the hydrau-
lic characteristics of the river system. Sandbanks are also created 
through disposal of dredged material, although these banks are often 
temporary. Vegetation, when present, was characterized by early 
successional species (i.e., grasses and willow). 

123. Tracks of opossum, raccoon, muskrat, beaver, mink, and 
white-tailed deer were observed in this habitat. 

124. Half of the 50 birds expected to use sandbanks and mudflats 
were shorebirds. This habitat is used primarily as a feeding area by 
birds. The great blue heron; lesser snow goose; wood duck; turkey 
vulture; spotted, solitary, and least sandpipers; lesser yellowlegs; 
rough-winged swallow; common crow; red-winded blackbird; and common 
grackle were observed foraging on mudflats or sandbanks. 

125. Sandbanks and mudflats may be used by at least 26 species 
of amphibians and reptiles. Juvenile Fowler's toads and cricket frogs 
were frequently observed in deep cracks of the drying mudflats. 
Several species of aquatic turtles are known to use sandbanks and 
flats for basking and egglaying (Smith, 1961); however, only the red-
eared turtle was observed in this habitat. 
Old field-disturbed habitat 

126. The old field habitat was comprised primarily of abandoned 
agricultural lands. Disturbed habitat included levees, roadsides, and 
forest openings in early successional stages. Old field-disturbed 
habitat was characterized by weedy herbs, woody vines, shrubs, and 
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tree saplings, and was comparable to floodplain forests and backwater 
areas in number of vertebrate species expected (188). 

127. Mbre species of mammals (32) were expected to occur in tl1is 
habitat than in any other habitat in the study area. Nineteen percent 
of the small-mammal trapping effort was expended; however, it yielded 
over 28 percent of the total catch. Mammals captured or observed 
included the opossum, eastern cottontail, fox squirrel, western harvest 
mouse, deer mouse, white-footed mouse, prairie vole, house mouse, 
domestic dog, raccoon, gray fox, striped skunk, and white-tailed deer. 

128. The old field-disturbed habitat provided food, cover, and/ 
or nesting areas for an expected 123 species of birds. Commonly 
observed birds included the bobwhite, ruby-throated hummingbird, red-
headed and downy woodpeckers, rough-winged and barn swallows, blue jay, 
chickadee (species undetermined), white-breasted nuthatch, American 
robin, house sparrow, red-winged blackbird, northern oriole, common 
grackle, cardinal, indigo bunting, American goldfinch, and song sparrow. 

129. Twenty-one of the 33 species of reptiles and amphibians 
expected to occur in the old field-disturbed habitat were snakes. 
Snakes observed were the eastern yellow-bellied racer, black rat snake, 
and eastern garter snake. American and Fowler's toads and two sub-
species of leopard frogs were abundant in this habitat. The six-lined 
racerunner was also observed. 
Cultivated field habitat 

130. Cultivated fields comprised the majority of land area within 
the protected floodplain. Major crops were corn, soybeans, and wheat. 
Cultivated fields exhibited the least plant diversity of all habitat 
types. Cultivated fields were used primarily as feeding areas by many 
species of wildlife; they also provide some cover. 

131. As many as 60 species of birds may occur in cultivated 
fields. The blue-winged teal, wood duck, red-tailed hawk, American 
kestrel, bobwhite, horned lark, purple martin, house sparrow, meadow-
lark, common grackle, rose-breasted grosbeak, indigo bunting, dick-
cissel, American goldfinch, and field sparrow were observed. 
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132. Only 19 species of amphibians and reptiles were expected to 
occur in cultivated fields. Juvenile Fowler's toads and northern leop-
ard frogs were observed in flooded fields. 
Buildings habitat 

133. The habitat tenned "buildings" included any occupied or 
abandoned structure and its grounds, such as industrial developments, 
towns, fann buildings, and riverfront cottages. Vegetation of these 
areas generally consisted of selected native tree species and a main-
tained understory and ground cover. 

134. Norway rats, house mice, and several species of bats use 
buildings, but this habitat was not considered essential to mammals of 
the study area. 

135. Thirty-five of the 50 species of birds expected to occur 
around buildings were passerines. The bam swallow, house wren, 
chimney swift, starling, and house sparrow were commonly observed. 

136. Only five species of amphibians and reptiles were expected 
to occur in this habitat. A black rat snake was observed. 

Consumptive Uses 

137. Consumptive uses include those activities, such as hunting 
and trapping, that remove a portion of the resource from the environ-
ment. Rivers and their floodplains provide excellent hunting and 
trapping areas 
Hunting 

138. In the counties of the study area, hunters spent an esti-
mated $6.6 million annually for food, lodging, transportation, licenses, 
and related services. Estimates of daily expenditures by hunters of 
small game ($7.62 per day), deer ($10.52 per day), and waterfowl 
($9.73 per day) were based on a national survey conducted by the U. S. 
Department of Interior in 1970 (U. S. Department of Interior, 1972). 
In light of recent economic trends, these estimates are probably con-
servative. Small-mammal hunting, principally for squirrel and rabbit, 
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-accounted for slightly over half of the estimated total expenditure. 
The estimated annual expenditure of successful deer hunters using 
firearms was $82,000. However, it is probably safe to assume that ex-
penditures of unsuccessful hunters and bow hunters far exceed those of 
successful deer hunters. 

139. An estimated $1.8 million was spent annually by hunters of 
upland game birds in the study area; the bobwhite quail and mourning 
dove predominated the harvest of such birds. The study area is located 
within the Mississippi Flyway, which is used annually by as many as 26 
million migratory waterfowl. Dabbling ducks, primarily mallards, were 
the principal group harvested; Canada geese and diving ducks followed 
in importance. In 1972 approximately $1.2 million was spent by water-
fowl hunters in counties of the study area while harvesting an esti-
mated 77,000 ducks, geese, and coots. Over 20,000 acres in the 
Illinois counties and an undetermined acreage (no data available) in 
the Missouri counties of the study area were controlled by privately 
owned waterfowl hunting clubs. 
Trapping 

140. While the harvest of furbearers has declined since the peak 
period of the 1940's, the recent harvest has attained record values 
due to increased prices for most pelts (Sampson, 1974). Important 
furbearers in the study area were raccoon, muskrat, red and gray fox, 
mink, and opossum. During the 1973-74 season, raccoon and muskrat 
pelts accounted for 87 percent of the value of the harvest in the 
counties of the study area; the total value of the harvest was esti-

_mated at over $235,000. 

Nonconsurnptive Uses 

141. Nature interpretation, wildlands appreciation, photography, 
and wildlife observation are recreational activities considered as 
nonconsumptive uses of wildlife resources because they do not involve 
the removal of the resource. These types of activities are becoming 

54 



increasingly popular on public lands. However, their economic value 
is difficult to assess. 

142. An innovative approach to the problem of assessing the value 
of nonconsumptive recreation was undertaken in the southeastern United 
States by Horvath (1973). In a survey conducted in 11 southeastern 
states in 1972, 23,577 citizens were asked to place a monetary value 
on all benefits associated with wildlife-related recreation. Although 
more people participated in hunting and fishing, nonconsumptive recrea-
tion received a higher monetary value per day. Participants valued 
observation and photography of fish and wildlife at an average of 
$70.56 per individual per day. 

143. In 1973, 120,436 visits were made to the six divisions of 
the Mark Twain National Wildlife Refuge (17,094 acres) that are within 
the study area. Forty-three percent of these visits were spent in 
wildlife-oriented, nonconsumptive recreation. These figures indicate 
that the potential value of nonconsumptive, wildlife-related recrea-
tion on approximately 51,000 acres of public land in the study area 
would be measured in millions of dollars. 

144. An additional value that can be placed on public land is its 
potential as a research study area. The refuges and management areas 
in the study area some of the remaining undisturbed habitat in 
the floodplain. Animal groups of particular scientific interest in the 
study area include rare and endangered species, species living on the 
periphery of their expected range, intergradations of populations, and 
relic. populations. 

Rare and Endangered Species 

145. Species expected to occur in the study area that were 
classified as rare or endangered in Missouri and/or Illinois (Illinois 
Nature Preserves Commission, 1971; Missouri Department of Conservation 
and U. S. Department of Interior, 1974) include nine species of 
manmals, 22 species of birds, two species of amphibians, and 13 species 
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of reptiles. Of these the Indiana bat, southern bald eagle, and pere-
grine falcon are also classified as endangered on the Federal list 
(U. S. Department of Interior, 1974). Two rare species, the brown 
creeper and Bewick's wren, were observed; the former was observed in 
the floodplain forest (25 July 1974, Norton Woods Public Access Area, 
Lincoln County, Missouri), and the latter in the floodplain forest and 
in the rivers and streams habitats (13 August 1974, Pike County Conser-
vation Area, Illinois). The endangered osprey was observed by a member 
of the WES study team in Pike County, Illinois, at Illinois River mile 
57.7 on 16 September 1974. 

Impacts 

Pool regulation 
146. Construction of navigation dams in the study area initially 

created extensive wetland habitat; however, the value of these back-
water areas has been degraded by subsequent siltation OMcDonald and 
McDonald, 1973). The loss and gain of wetlands is a natural process 
in any dynamic river system. However, flood-protection structures and 
channelization activities have reduced the area of the floodplain and 
have practically stopped the natural meandering of the channel. These 
activities have accelerated the loss, through siltation, of existing 
wetlands and backwaters and prevented the creation of new wetlands and 
sloughs to replace those lost. Many degraded wetlands of the study 
area can only be restored or rejuvenated by a permanent increase in 
-water level of one to t\vo ft or by dredging. HGwe:v:e:r in 15 to 20 
years, the restored wetlands would again be filled with silt (McDonald 
and McDonald, 1973). 

147. Indirectly, the navigation darns may have been detrimental 
to wildlife by increasing barge traffic capacity on the rivers. 
Effects of increased barge traffic on local wildlife populations are 
not known; furthermore, they would be difficult to assess. Possible 
impacts may be related to increased noise levels, accidental or 
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intentional release of pollutants, wave action, and changes in water 
quality. 
Bank revetments 

148. Bank revetments, stone placed along the riverbanks, pro-
vide bank stability and reduce the silt load by preventing additional 
erosion. Revetments may provide cover for amphibians, reptiles, and 
small mammals, thus enhancing the ecological diversity of the flood-
plain by providing an additional habitat type; however, specific 
research to support or reject this hypothesis is needed. 
Dikes 

149. Dikes are semi-permanent structures that constrict the area 
of moving water and cause an increase in water velocity in the channel 
with subsequent bottom scouring. Emergent dikes are commonly used by 
birds and mammals for nesting and foraging. The material accumulated 
between dike fields tends to remain there permanently and may eventual-
ly cover the dikes. Emergent dikes located between two land masses, 
such as those across a side channel to connect the mainland to an 
island, tend to reduce the flow of water between the land masses and 
to increase the rate of siltation in the area. As the secondary 
channels become filled with silt and debris, willows invade the area 
and, in turn, cause more siltation by decreasing water velocity. 
Eventually, the ground elevation is raised sufficiently to allow 
agricultural activities (Hartke, 1966; House Committee on Public 
Works, 1962). 

150. Sandflats formed downstream from dikes may provide habitat 
for shorebi nls a11d waterfow-l. However, the reduction of backwater 
areas and the possible acquisition of accreted lands for farming 
greatly outweigh any benefits to certain species of wildlife that 
might accrue by dike construction. 
Disposal of dredged material 

151. Most dredged material is placed within the river proper. 
Emergent deposits of dredged material provide resting habitat for 
various birds and picnic areas for local citizens. However, during 
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the next flood periods, much of the dredged material may be washed 
downstream and deposited elsewhere in the floodplain. This process may 
contribute to the accelerated filling of sloughs and backwater areas 
in the floodplain. 

152. Dredged material placed on land, especially on riverbanks, 
can temporarily eliminate the vegetation and bank-dwelling mammals, 
reptiles, and amphibians. If the material is sand, turtles may use it 
as egg-laying sites. Dredged material may be used to create islands, 
which would increase habitat diversity in open waters, or to create 
beaches around existing islands and thereby provide additional 
opportunity for recreational activities. 
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PART VI: WATER QUALI1Y AND SEDIMENT CHEMISTRY 

153. The following discussion is based upon the results of statis-
tical analyses performed to test for water quality and sediment 
chemistry differences between sampling periods and among habitats for 
each river and to test for differences between rivers (Colbert et al., 
1975). The statistical analyses consisted of two- and three-way 
analyses of variance (AOV) and Tukey's mean contrast test. Results of 
water analysis were compared with the State standards for Missouri and 
Illinois (EPA, 1972). 

154. Members of the WES study team collected water and sediment 
samples for chemical analysis; physicochemical data were taken in situ 
during the study. Habitat types samples included main channel, side 
channel, river border areas, and dike areas, as shown schematically in 
Figure 5. To orient the reader, these habitats are described below, 
including areal estimates for each habitat within both rivers. The 
WES study team collected samples at all locations at high river stage 
in July and at average stage in September at 13 locations in the 
Mississippi River and six in the Illinois River. Water and sediment 
samples were collected in main and side channel habitats only. Nutri-
ents, heavy metals, pesticides, and physicochemical variables were the 
major categories for which samples were 

155. AOV' s were performed to test for differences between habi-
tats and dates (Steel and Torrie, 1960). Mean comparisons were made 
using Tukey' s Honestly s-ignificant Difference Test (S-teel and Torrie, 
1960). A discussion of the results of these tests as they relate to 
water and sediment quality follows the description of the habitats 
sampled. 
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Description of Habitats Sampled 

Main Channel 
156. The main channel habitat was defined as the 300-ft-wide 

navigation channel maintained at a minimum 9-ft depth. It is charac-
terized by sandy substrate that is subjected to disturbance by river 
currents and by wake and propeller wash from towboats and pleasure 
craft. No submerged aquatic vegetation exists in the main channel. 

157. Mississippi River. There are approximately 5.6 square 
miles of main channel habitat in the 98.3 linear miles of the Missis-
sippi River impounded by Dams 24, 25, and 26. 

158. Illinois River. There are 80.2 linear miles of main 
channel habitat in the Illinois reach impounded by Locks and Darn 26. 
Total areas of the main channel habitat is about 4.5 square miles. 
Substrate within the Illinois River is finer grained than in the 
Mississippi and therefore causes higher turbidity when disturbed by 
motor craft or wave action. 
Side channel 

159. This habitat is defined as those channel areas that parallel 
the main channel. Currents vary from little or no flow to velocities 
approaching those measured in the main channel. Aquatic vegetation 
may be present in shallow, calmer waters near shore. 

160. Mississippi River. There are 19.7 square miles of side 
channel habitat in pools 24, 25, and 26. Side channels are large and 
numerous due to the presence of many islands. 

16-1. Illino-is- River. There a-re only- 1-.4-- square m-i-les- of- side 
channel habitat in the reach of Illinois River studied. 
River border areas 

162. This habitat is defined as the area within the river proper 
to either side of the main channel that is not within 0.25 miles down-
stream of a single dike or a dike field. The 0.25-mile downstream 
section was arbitrarily defined for this study as that area that would 
most closely share characteristics of single dikes or dike fields. 

61 



163. Mississippi River. Since the Upper Mississippi River is 
wide and has not been developed by subsequent addition of dikes follow-
ing impoundment, large river border areas exist in pools 24, 25, and 
26. At normal pool elevation, about 28.6 square miles (about 39.4 
percent) of the total Mississippi aquatic habitat is river border area. 

164. Illinois River. Approximately 8.8 square miles oflriver 
border area are present in the Illinois River impounded by Locks and 
Dam 26. The Illinois River is much narrower than the Mississippi 
River and therefore has less river border habitat. 
Dike areas 

165. Dikes were placed in both rivers prior to construction of 
locks and dams. Maintenance of dikes has been sporadic and no new 
dikes have been constructed since impoundment. The area within 0.25 
miles downstream of a single dike or a dike field was included in the 
measurements of diked area habitats. Aquatic vegetation may develop 
during low-flow periods along the shoreline of dike fields that have 
filled in from sedimentation. Vegetation is normally removed by the 
next high water. Willows tend to stabilize these areas more effec-
tively than other plants. 

166. Mississippi River. Prior to construction of locks and 
dams, extensive diking was performed in the Mississippi River to con-
strict the navigation channel. Approximately 12.7 square miles of 
diked area exist in pools 24, 25, and 26. The majority of these dikes 
are submerged at normal pool elevation. 

167. Illinois River. Due to the natural geometry of the 
Illinois River, it eALeT6ive uike fields to 
constrict the navigation channel. Less than 0.4 square miles of diked 
area is present in the lower 80 miles of the Illinois River. 
Backwater areas 

168. Backwater areas, which include all other aquatic habitats 
between the levees that are not connected to the river at normal pool 
elevation, were not sampled. Backwater areas, a habitat similar to 
side channel, constitute approximately 11.4 square miles in the lower 

62 



Illinois River. This is approximately twice as much as is present in 
the Mississippi reach studied. Backwater areas represent about 8 and 
43 percent of the total aquatic habitat in the reaches of the Missis-
sippi and Illinois Rivers, respectively, in the study area. 

Results of 

Physicochemical - surface 
169. Mississippi River. Physicochemical data collected included 

dissolved oxygen, temperature, turbidity, pH, and total alkalinity. 
All physicochemical measurements were made in situ. 

170. Missouri and Illinois State standards for pH were exceeded 
at three locations during September. None of the other variables ex-
ceeded State standards during either period. 

171. Significant differences* were observed between sampling 
periods for all physicochemical variables samples. Dissolved oxygen, 
pH, and total alkalinity increased from July to September; while 
temperature and turbidity decreased. Reduced flow during September 
provided conditions more favorable for increases in dissolved oxygen, 
pH, and total alkalinity and for decrease in turbidity. Cooler ambient 
air temperature in the fall explains the reduction in surface water 
temperature between periods. 

172. Based on statistical analysis, no significant differences in 
surface physicochemical variables were observed among habitats during 
either sampling period. However,_ mean_ water temper-ature values were 
lowest in the main channel, and the highest in dike areas; side 
channels were the least turbid and main channels were the most turbid. 

173. Illinois River. Physicochemical data collected from the 
Illinois River were the same as those measured in the Mississippi 
River. None of the variables observed in the Illinois River exceeded 
the State standards during either period. 

Significant at least at the 5-percent level. 
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174. As observed for the Mississippi River, significant differ-
ences in surface physicochemical variables were observed between the 
two sampling periods. The trends observed among habitats for the 
Mississippi River were also apparent in the Illinois River and for the 
same reasons. However, based on statistical analysis, no significant 
differences for surface physicochemical variables were observed among 
habitats during either period. 
Physicochemical - bottom 

175. Mississippi River. Physicochemical variables measured in 
the bottom strata were the same as those sampled at the surface. None 
of the variables observed in the Mississippi River exceeded the State 
standards during either period. 

176. Physicochemical variables measured in all habitats studied 
1n the Mississippi differed significantly between the sampling periods. 
However, no significant differences were detected among habitats during 
either period. These observations are concomitant with surface physi-
cochemical data. 

177. Illinois River. Physicochemical data collected from the 
bottom strata were the same as those collected at surface. None of the 
variables exceeded the State standards during either period. 

178. All variables except pH differed significantly between 
sampling periods in the bottom strata in the Illinois River. There 
were no differences observed among habitats during the sampling 
periods. The trends observed in the bottom strata were comparable to 
those observed at surface. 
Physicochemical - water column 

179. Mississippi River. The three variables considered in this 
category, settleable solids, depth, and velocity, were all signifi-
cantly higher during July than in September. Highest mean values in 
all cases were observed during July, a period of high flow. High 
velocity of water during July obviously accounted for the higher mean 
concentration of settleable solids measured in the river. 

180. Differences among habitats were observed for depth and 
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velocity; no differences were observed for settleable solids. Side 
channel, dike, and river border areas were similar regarding depth and 
velocity. Main channel areas had a significantly greater mean depth 
and velocity than the other habitats. 

181. Illinois River. The same variables measured in the Missis-
sippi River were also measured in the Illinois River. Significant 
differences were observed between sampling periods for depth and veloc-
ity; however, there were no differences observed for settleable solids. 
Overall depth and velocity values were higher during July when compared 
to September values. Of the three variables observed, only depth was 
significantly different among habitats. Mean depth measured in the 
main channels was about twice as great as depths measured from side 
channels and river border areas. 
Water chemistry 

182. Mississippi River. Laboratory analyses for nutrients 
included total phosphorus, nitrate, nitrite, ammonia, and total 
Kjeldahl nitrogen. Because nitrate and nitrite forms of nitrogen were 
not differentiated during analysis of samples collected in September as 
they were during July, these forms were not included in the statistical 
analysis. All nutrient concentrations were significantly higher during 
the high-flow period (July), a phenomenon also observed in the Upper 
Mississippi River by Platner (1946). TI1e increased nutrient concentra-
tions during high flow are probably the result of increased silt and 
detritus loads that are carried into the rivers by runoff water and by 
the resuspension of sediments. 

183. Laboratory analyses fur heavy metals included arsenic, cad-
mium, iron, lead, manganese, mercury, and zinc. Manganese, mercury, 
and zinc concentrations exceeded the water-quality standards estab-
lished by Illinois and Missouri. Concentrations of manganese and 
mercury were higher in side channel areas and zinc concentrations were 
higher in main channel areas. Total iron and mercury concentrations 
at stations in the main channel of the Middle Mississippi River were 
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found to exceed water-quality criteria of the state of Illinois 
(Solomon et al., 1974). 

184. Differences in the concentrations of heavy metals were 
observed between the two sampling periods for all metals except manga-
nese. Arsenic data were not available for statistical analysis from 
the September sampling period. Manganese concentrations were probably 
similar during both periods because of the source of this substance. 
Hem (1971) stated that manganese can enter a riverine system in appre-
ciable concentrations as a result of the abundant vegetation in the 
basin and from organic debris in the alluvium along the stream. 

185. Cyanide and chemical oxygen demand (COD) concentrations were 
higher during July; however, phenols were similar for both periods. 
Significant differences between habitats were observed only for zinc. 
Zinc concentrations were higher in main channels than in side channels. 

186. Illinois River. The same variables that were measured in 
the Mississippi River were also measured in the Illinois River. Iron 
and mercury exceeded the State standards. 

187. Nutrient concentrations were significantly higher in July as 
was also observed in the Mississippi River. Metal concentrations, 
with the exception of mercury, varied significantly between periods. 
The general trends observed in the Illinois River essentially followed 
those trends observed for the Mississippi River. Cyanide concentra-
tions differed significantly between periods, but phenols and COD did 
not. Cyanide and COD concentrations were higher during the July sam-
pling period. 

188. Ammonia nitrogen and cyanide concentrations were signifi-
cantly higher in side channel habitats. 
Sediment chemistry 

189. Mississippi River. Bulk sediment analyses for the same 
variables listed for water samples were also performed on sediment 
samples. Ammonia nitrogen and total phosphorus differed significantly 
from one sampling period to the next, but total Kjeldahl nitrogen did 
not. However, total phosphorus and total Kjeldahl nitrogen were found 
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to d1ffer significantly between habitats with higher concentrations 
observed in side channels than in main channels. It is of interest to 
note that while nutrient concentrations in water were higher during the 
high-flow period, nutrient concentrations in sediments were, in general, 
lower during the same period. The opposite trend was observed during 
the September low-flow period: lower nutrient concentrations in water 
and higher concentrations in sediments. Generally, these data support 
the hypothesis that high flow causes resuspension of nutrients from 
sediments, resulting in higher nutrient concentrations in the water 
column. 

190. Three heavy metals varied significantly between sampling 
periods: iron, cadmium, and zinc. While highest mean values for iron 
and cadmium were recorded during September, zinc concentrations were 
highest during July. Manganese, lead, and mercury concentrations did 
not differ between sampling periods. There are no State standards for 
chemical constituents in sediments for either Illinois or Missouri. 

191. Significant differences between habitats were observed for 
all metals except mercury. Higher mean concentrations of all metals 
were recorded for side channel areas. A similar trend was also noted 
for COD, cyanide, phenols, and total organic carbon (TOC). Apparently 
reduced flow conditions in most side channels, as opposed to higher 
flows for main channel areas, allow side channels to become sinks for 
most of the chemical constituents measured during this study. Addi-
tionally, the ability to bind chemical species is greater for the fine-
grained sediments (such as silts and clays) found in the side channels 
than that of the more coarse sands- and gravels- in the- main chan,'1eL 
This is probably due to the increased surface area for adsorption and 
the polar nature of the fine-grained material. 

192. Sediment samples were analyzed for chlorinated hydrocarbon 
pesticides and polychlorinated biphenyls. Results of the analyses 
showed undetectable concentrations during the July sampling period, 
while concentrations during September were only slightly above detec-
tion limits. None of the pesticides exceeded State standards. 
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193. Illinois River. Analyses of Illinois River sediments 
included the same variables measured in the Mississippi River. Total 
phosphorus concentrations differed significantly between periods, and 
total Kjeldahl nitrogen differed significantly between habitats. 
Generally, the trends observed in the Mississippi River were also ob-
served in the Illinois River. Other variables that differed signifi-
cantly between habitats included iron, lead, zinc, COD, and TOC. The 
mean concentrations of all of the above were higher in side channel 
areas. There were no detectable concentrations of chlorinated hydro-
carbons or polychlorinated biphenyls. Results of pesticide 
were the same as those discussed for the Mississippi River. 
Comparison of Mississippi River versus Illinois River 

194. Generally, differences in physicochemical variables between 
the Mississippi and Illinois Rivers were most pronounced among surface, 
bottom, and water column data categories. Analysis of surface physico-
chemical variables indicated that higher mean values for dissolved 
oxygen, turbidity, and pH were associated with the Mississippi River. 
Higher bottom temperatures were also observed for the Mississippi River. 
Mean total alkalinity concentrations were higher for the Illinois River 
for all depths sampled. Of those column physicochemical variables 
measured, only settleable solids was shown to differ between rivers 
with highest concentrations noted for the Mississippi River. 

195. Fewer differences between rivers·were noted for water and 
sediment chemistry variables. Of those water chemistry variables 
measured, only total phosphorus differed significantly between rivers. 
Sediment chemistry variables that differed included ammonia nitrogen, 
total phosphorus, and iron. In all cases, the means of both water and 
sediment chemistry variables were greater for the Illinois River than 
for the Mississippi River. 
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PART VII: AQUATIC BIOTA 

196. The results of a WES literature review and field-sampling 
program on the Mississippi and Illinois Rivers and a fish collection by 
the Illinois Natural History Society (INHS) on the Illinois River 
during 1974 are summarized in this part. Characteristics of popula-
tions of phytoplankton, zooplankton, and benthic organisms were statis-
tically analyzed using the techniques described in Part VI to determine 
differences between sampling dates, habitats, and rivers. 

197. Habitat types sampled included those described in Part VI: 
main channel, side channel, river border areas, and diked areas. 
Samples were collected during the same periods and at the same loca-
tions on both rivers as discussed in Part VI. Phytoplankton and zoo-
plankton were sampled in main channel and side channel habitats. 
Benthic organisms were collected in all four habitats. 

198. Drift organisms were collected during five evenly spaced 
time intervals over a 20-hour period at main channel and side channel 
stations at Mississippi River mile 255.5 during July and September. A 
main channel and a side channel station at Illinois River mile 57.6 
were sampled for drift organisms at six evenly spaced time intervals 
during a 24-hour period during both July and August. 

199. Fish were collected by electroshocking in the Illinois 
River during 1974. Results were compared with literature and unpub-
lished data collected during previous years. Commercial and sport 
fishery statistics were obtained from the Upper Mississippi River Con-
servation Committee annual proceedings and from Illinois and Missouri 
State agencies. 

Results of Sampling 

Phytoplankton 
200. Mississippi River. A total of 129 taxa of phytoplankton 

69 



were found in the main channel habitat during the two sampling periods. 
The side channel habitat yielded 130 taxa during the sampling program. 
Diatoms were represented by the greatest number of taxa. The average 
number of taxa found in both habitats increased from 18 in July to 30 
in September. Analysis of variance revealed that numbers of green 
algae, diatoms, and blue-green algae and total densities increased 
significantly between sampling dates. Excluding the two stations with 
blooms of green algae during September, diatoms were dominant. The 
evenness index e (i.e., the distribution of individuals among species) 
decreased significantly between sampling dates but was still relatively 
high, indicating that organic pollution was not a problem in the study 
area. Species diversity d increased slightly, but not significantly, 
to about 3.5 in September.* Phytoplankton data collected within main 
channel and side channel habitats were highly variable during both 
collection periods. The variability associated with individual sampl-
ing locations was so great that no significant differences were 
detected between habitats. 

201. Illinois River. Total phytoplankton taxa collected from 
the main channel numbered 83; 130 taxa were collected from the side 
channel habitat. Chrysophytes, particularly diatoms, were dominant in 
the Illinois River. Phytoplankton variables that increased between 
sampling periods in the Mississippi River also increased in the 
Illinois River. Evenness index and density of flagellated algae did 
not vary between periods; however, species diversity did increase. 
Flagellated algae were the only phytoplankton forms to show a habitat 
specificity. Significantly more flagellates were found in the side 
channel habitat. This observation is in general agreement with the 
physiological requirements of this group, i.e., calm, warm, nutrient-
enriched waters. Reduced flow during September is considered as the 
single most important factor leading to the changes observed in 

*The Shannon and Weaver (1963) species diversity index was used for 
this report. 
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phytoplankton populations. Less turbulence and turbidity and greater 
light penetration allowed a larger, more diverse phytoplankton commu-
nity to develop within both rivers. 
Zooplankton 

202. Mississippi River. Twenty-one and 27 zooplankton taxa were 
collected from main channel and side channel habitats, respectively. 
All zooplankton variables changed significantly between periods. Con-
centrations of Cladocera, Copepoda, and Rotifera increased, as did 
total density and species diversity. Average evenness index decreased 
significantly from a very high 0.96 in July to 0.85 in September. Both 
values indicate that little organic enrichment was present. Rotifers, 
which numerically dominated both habitats, were found to have signifi-
cantly greater populations in side channels. Ragland (1974) also found 
a greater number of rotifers in side channels than in the main channel 
of the Middle Mississippi River. 

203. Illinois River. Twenty zooplankton taxa were collected 
from the main channel habitat; only 15 taxa were collected in side 
channels. As in the Mississippi River, all zooplankton variables 
except evenness index increased between periods; however, only copepod, 
rotifer, and total density increases were significant. Copepods were 
dominant in July and rotifers were dominant in September. This trend 
conformed with zooplankton seasonal variation observed in other 
aquatic habitats. 

204. Mississippi River versus Illinois River. Only four phyto-
plankton and zooplankton variables differed significantly between 
rivers. Phytoplankton evenness and copepod density were higher in the 
Illinois River; zooplankton evenness and concentrations of blue-green 
algae were higher in the Mississippi River. Mean values of other 
phytoplankton variables were higher, but not significantly higher, in 
the Mississippi, and all of the zooplankton variables except rotifer 
density were higher in the Illinois River. 
Benthic invertebrates 

205. Mississippi River. Benthic invertebrate populations are 
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more stable than plankton populations because of their longer life 
cycle and because benthic organisms are protected to some extent by the 
substrate in which they live. This stability was reflected in that 
only three of 22 variables related to density and biomass differed 
significantly between periods. Average number of taxa, the density of 
aquatic insects collected, and the species diversity increased from 
July to September. No significant changes in biomass of benthic organ-
isms were noted between periods. Aquatic insects were numerically 
dominant during both periods and were more numerous in side channels 
than in other habitats. There were only five significant differences 
detected among habitats. 

206. Species diversity and total density were greater in side 
channels than in main channels or river border areas. During the com-
bined sampling periods, 39, 56, 59, and 70 taxa of benthic organisms 
were found in main channel, dike areas, side channel, and river border 
areas habitats, respectively. The main channel had 4.4 taxa, the 
lowest average number of taxa of any habitat. The biomass and diver-
sity of oligochaetes were greater in side channels than in the main 
channels. In general, side channels supported the greatest crop and 
main channel areas the lowest standing crop of benthic organisms. 

207. Illinois River. Benthic populations were stable between 
sampling periods in the Illinois River. A decrease in density of 
freshwater clams was the only significant change observed. Only one 
dike area was sampled, and consequently it was not included in the 
statistical analyses. This one dike area did provide habitat for at 
least 19 taxa of benthic organisms. Twenty-two taxa were collected 
from six main channel areas; 31 taxa were found in the three side 
channels; and 47 taxa were collected from the 11 river border areas. 

208. The main channel was found to provide consistently poorer 
habitat for benthic organisms. Significantly lower mean values for 
total density, species diversity, and average numbers of taxa and oli-
gochaetes and total biomass (exclusive of clams) were associated with 
the main channel areas. Solomon et al. (1974) found lower diversity 
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and density of benthic organisms in the Middle Mississippi River main 
channel than were found in the pooled reach of the river. Johnson 
et al. (1974) recorded larger numbers of benthic communities in side 
channels than river border areas in the Middle Mississippi River. 

209. Mississippi River versus Illinois River. Although the 
benthic species composition was different between rivers, only two 
variables of the 22 that were statistically analyzed differed signifi-
cantly between the two rivers after the effects of sampling and habitat 
types had been accounted for. The means of these two variables, species 
diversity and numbers of freshwater clams, were greater within the 
Illinois River. 
Drift organisms 

210. Mississippi River. A total of 39 taxa were collected from 
the main channel station, and 62 were retained by a metered net placed 
in the side channel station. Although different taxa were collected 
using the metered net, approximately the same numbers of taxa were 
collected directly from the sediments with a grab sampler in these two 
habitats. 

211. Drift organisms were more diverse during July than in Sep-
tember in both habitats. It was also observed that maximum drift 
organisms (quantity and diversity) occurred after dark. Total quantity 
of drift collected in the main channel during a 24-hour period doubled 
during September but was only about 20 percent as high in the side 
channel during September as it was in July. The increase in the main 
channel was due to increased numbers of caddisflies, primarily 
Cheumatopsyche sp. The decre-ase- in- the side channel was preclominantlyn 
due to a reduction in numbers of the sprawling mayfly, Stenonema sp., 
and the midge, Polypedilum sp. 

212. Larval fish of the sunfish family were found only during 
July and were in greater abundance in the side channel area. This 
indicates that spawning probably does occur during spring high water 
and that side channels are likely a beneficial habitat for larval fish. 
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213. Illinois River. Thirty-six taxa of drift organisms were 
collected in the Illinois River main channel during the two sampling 
periods compared to a total of 49 taxa collected in the side channel. 
Samples from these stations contained fewer taxa than were found in the 
Mississippi River drift samples. More taxa of drift organisms than of 
benthic organisms were collected from both habitats in the Illinois 
River. This indicates either that organisms were being carried in from 
more diversified habitats upstream or that all organisms were not 
collected with the Petersen dredge. 

214. Numbers and biomass of drift organisms in main and side 
channels were greater in July than in September. This probably re-
flects effects of decreased flow, lower temperatures, and less 
emergence of adults during September. 

215. Species diversity was much lower in drift samples collected 
from the Illinois River habitats than from those from the Mississippi 
River. Diversity was higher in the side channel than in the main 
channel during both periods. 

216. Larval fish, mainly clupeids, were present in both habitats 
only during July. High densities and biomass of the large cladoceran, 
Leptodora kindtii, were found during July in both habitats. Cladoceran 
numbers and biomass were reduced during September. The mayfly, 
Stenonema sp., and the caddisflies, Cheumatopsyche sp. and Hydropsyche 
orris, were also abundant during July in both habitats. 

217. In September the predominant drift organisms in the main 
channel were the coelenterate, Hydra sp.; the phantom midge, Chaoborus 
punctipennis; ana the clam, Corbicula manilensis. The side channel was 
dominated by Chaoborus punctipennis. 

218. As observed for the Mississippi, the between-period differ-
ences were related to changing flow regime and life cycles of organisms 
present. It appears that drift is an important component of these 
riverine systems since it provides available food and contains organ-
isms that are a source of distribution for recolonization of disturbed 
areas. 
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Fish 
219. Species composition. The literature indicates that a total 

of 104 species of fish commonly occur in pools 24, 25, and 26. This 
includes fishes of 21 families comprising sport, commercial, forage, 
and predator categories. One species known to occur in the area, the 
American eel, migrates to sea to spawn; another, the skipjack herring, 
migrates inland from the ocean to spawn. 

220. Composition changes. Upstream migration of 11 species has 
been limited by Keokuk Dam. The dam, privately constructed in 1913, 
has also resulted in impaired reproduction of three species including 
the skipjack herring. However, there is little evidence to indicate 
that Locks and Dams 24, 25, and 26 interfere extensively with fish 
migration. 

221. Apparently, 18 species of fish have vanished from the 
Illinois River since 1908. Harvest of eight species of commercial fish 
has diminished to near zero since the 1890's. These changes have been 
attributed to chronic industrial and municipal pollution entering into 
the Illinois River, turbidity, drainage or filling of bottomlands, and 
construction of locks and dams in both rivers. 

222. Sport fishery. Fishing pressure is believed to be increas-
ing annually, as is the economic importance of sport fishing. For 
example, the value of fishing in pool 26 was estimated to be about 
$224,000 during 1967 and $356,000 during 1972, an average yearly in-
crease of 9.8 percent. 

223. The most popular type of sport fishing is with natural bait 
from shore and floating craft. Habitats actively fished are tailwaters 
below locks and dams, backwater areas, and bottomland lakes. The 
literature indicates that sport fish are found in greatest abundance 
in the upper end of navigation pools and in side channel areas. Most 
commonly caught sport fish include bluegill, crappie, channel catfish, 
freshwater drum, white bass, and sauger. River border and side 
channels have been found to harbor a more diverse species composition. 

224. Commercial fishery. Records of commercial fishing since 

75 



1869 indicate that the abundance of several fishes has changed sub-
stantially. Carp were introduced in 1880 and have been captured in the 
greatest poundages of all commercial catches since 1899. Buffalo are 
second in abundance followed by catfish and drum. Value of the commer-
cial catch also has changed. In 1953, 813 commercial fishermen were 
licensed in the states of Illinois and Missouri. In the same year 
590,000 lb of fish valued at $90,000 were harvested from pools 24, 25, 
and 26. An average of 600 commercial fishermen were licensed by the 
same two states for 1970, 1971, and 1972. During these three years, 
the average annual harvest increased to 825,000 lb with a commercial 
value of $151,000. The yearly average value for commercial fish in the 
pools from 1953 to 1972 was $133,150. 

225. Illinois River. The Illinois River has a history of 
chronic pollution dating from the beginning of the century. Results of 
recent fish collections by INHS indicate that pollution is a particular 
problem in pools upstream of pool 26. Sewage treatment plants, indus-
try, and power plants contribute to the degraded water quality along 
the upper reaches of the waterway. The 1974 INHS electroshocking 
harvest averaged 57.7 fish per 30 minutes of effort in pool 26. This 
is lower than was found in most upstream pools; however, the fish 
captured in pool 26 were in better condition than those captured 
further upstream. They were larger and free of the diseases prevalent 
in the polluted upstream reaches. Species composition also indicated 
that fisheries are improved in pool 26 over those found in upstream 
reaches. 

Impacts 

Pool regulation 
226. A relative stabilization of pool water level, particularly 

during low flows, has occurred as a result of regulatory activities 
of locks and dams. Initially pool stabilization resulted in the crea-
tion of additional acreages of valuable marshland and continues to 
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reduce flow and therefore turbidity during impoundment. With time, 
however, the marshlands and additional backwater areas have begun to 
fill with sediment, primarily as a result of reduced transport capabil-
ity caused by impoundment. 

227. The benefit of increased plankton and benthic density and 
diversity brought about by impoundment is tempered by possible blocking 
of fish migration and by reduced quality of sediments due to accumula-
tion of heavy metals, nutrients, and pesticides. Under certain 
environmental conditions, some of these substances may be released into 
the water column and result in degraded water quality. 
Maintenance dredging 

228. Dredging is usually conducted only in the main channel to 
maintain a minimum navigable depth. Effects of dredging are minimal in 
that the main channel habitat is characterized as providing poor habi-
tat for biotic populations. Dredging causes localized increased 
turbidity, which is more of a problem during low flow. Disturbance of 
sediments may also cause release of nutrients, heavy metals, or pesti-
cides. The extent of impact depends on the mobility of these materials 
and their availability to the biotic components. It is reasonable to 
assume that many of these chemical constituents are in phases that 
inhibit their release into the water column. Also, since some of the 
constituents are bound to the sediments, these constituents may return 
to the substrate either as precipitates or through re-adhesion to sedi-
ment particles. 
Disposal of dredged material 

229. Disposal In open-water habitats results in greater 
than the dredging process. Short-term physical effects of disposal 
are similar to effects of dredging but are more intensive. In addi-
tion, effects on biota, especially benthic organisms, are more detri-
mental when the disposal occurs in habitats other than the main 
channel. This is true because other aquatic habitats contain greater 
diversities and densities of these organisms. 
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230. Long-term effects are related to effects on rates of 
recolonization of single and multiple disturbed areas. Also, since 
disposed dredged material is subject to natural water forces, it may 
eventually move into side channels and other shallow water areas if 
improperly placed during disposal. 
Dike and revetment maintenance 

231. Placement of these channel alignment and training structures 
destroys the original benthic community occurring at the construction 
site, but a more diverse habitat is generally provided for eventual 
colonization. Dikes have been shown to be conducive to increased pro-
duction by benthic organisms. Dikes divert flow and contribute to 
long-term effects due to increases in sedimentation downstream, which 
eventually results in loss of aquatic habitat. Effects of dike main-
tenance are limited to the changes in water quality associated with 
suspension of fine particles during actual maintenance procedure and to 
the sedimentation of these finer particles downstream. 

232. The habitat destroyed by revetment construction is probably 
minor because these areas had been subjected to constant erosion and 
provided an unstable habitat. Rocks placed in these areas provide 
small buffer zones against wave action, possibly creating micro-
habitats suitable for colonization by benthic organisms and shelter for 
larval fish. 
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PART VIII: ENVIRONMENTAL IMPACTS OF OPERATION 
AND MAINTENANCE ACTIVITIES 

233. Present operation and maintenance of the 9-ft-deep 
navigation channel in the study reach includes the following activities: 
pool regulation, maintenance dredging, disposal of dredged material, 
maintenance of existing dikes, and placement and maintenance of bank 
revetments. The purpose of these activities is to provide adequate 
depths for commercial navigation, especially during periods of low flow. 

234. The Mississippi River ecosystem is extremely complex because 
of the extensive network of interactions between the various biotic and 
abiotic components of the system. Diversity leads to stability in 
ecosystems as more complex systems are more resilient to perturbations. 
Hence there is a concern among ecologists for the maintenance of 
diversity in natural systems. 

235. The complex interrelationships involved in the thorough 
assessment of impacts resulting from O&M activities are depicted in 
Figure 6. Arrows in the diagram are intended to represent interactions 
between the connected components. An arrow connecting any of the five 
O&M activities directly with any of the various components represents a 
direct impact upon that component. All other arrows depict indirect 
impacts. For example, the arrow connecting disposal with benthos may 
represent the direct smothering of benthic organisms by a disposal 
operation; whereas, phytoplankton populations may be affected indi-
rectly through changes in water quality (e.g. turbidity). It was not 
the intent to model the entire river ecosystem but rather to display 
possible interactions between those components of the system that were 
addressed during this study. The addition of a detritus-decomposer 
component would, unquestionably, add to the completeness and complexity 
of the diagram but was omitted since this aspect was not specifically 
addressed during the study. If included, arrows would connect the 
detritus-decomposer block to almost every block in the diagram. 

236. Direct impacts are probably easiest to assess but may be 
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short lived and of minor consequence when compared to long-term, 
indirect impacts. Indirect impacts on specific biological components 
of the river system may result from changes in physical, chemical, 
and/or biological characteristics. Indirect impacts are probably the 
most meaningful in terms of impact assessment; but, unfortunately, 
they are often the most difficult effects to determine. 

237. Obviously, any discussion of environmental impacts will be 
open-ended because of the myriad of interactions involved. It is 
beyond the scope of this summary report to engage in a detailed dis-
cussion of impacts; however, an attempt will be made to interrelate 
and expand upon impacts discussed in previous sections (Parts III -
VII). 

Pool Regulation 

238. Operation of the darns is required at low and moderate flows 
to maintain the 9-ft channel depth. As stages increase but before 
flood stages are reached, all control gates are opened, allowing 
uncontrolled river flow. 

239. Direct impacts associated with pool regulation are stabili-
zation of water levels, increased water surface area immediately up-
stream from the darns, decreased water surface area immediately 
downstream from the darns, and altered flow characteristics in the 
pooled reaches. During high flows, physical river conditions approach 
those of the natural river. Reduced current velocity causes changes 
in aggradation and degradation patterns in the pooled reach because of 
the reduced capacity of the river to carry sediments. During low to 
moderate flows, deposition rates are greater in the downstream and 
off-channel areas of the pools compared to what would occur in an un-
controlled condition. The increased sedimentation causes water in the 
pooled reach to be clearer than water in an uncontrolled condition. 
This leads to increased light penetration and a general increase in 
primary productivity in the pools. 
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240. Results of a study by Solomon et al. (1974) in the Middle 
Mississippi River and the study by Colbert et al. (1975) suggest that 
the density and diversity of benthic and planktonic communities are 
generally greater in the pooled reach (pools 24, 25, and 26) than in 
the unimpounded Middle Mississippi River. It has also been shown that 
impoundment of a river system may result in increased productivity 
(yield) of desirable commercial and game fish (Schramm and Lewis, 
1974). The combination of reduced turbidity and increased off-channel 
habitats, which provide shelter and spawning areas for many species of 
fish, is primarily responsible for the general increase in abundance 
of most biological components of the aquatic system. 

241. Increased aggradation in pooled reaches accelerates the loss 
of off-channel aquatic habitats and the accretion of terrestrial habi-
tats with time. As vegetation encroaches on these areas, velocities 
are further reduced and the rate of sedimentation is further enhanced, 
resulting in the loss of aquatic habitat to terrestrial habitat. Addi-
tionally, the impoundment of large reaches of a river will have adverse 
effects on many species of fish through the loss of specific habitats 
and the blockage of migration routes (Carlander, 1954; Smith, 1971). 
The result is an initial reduction of the overall species diversity of 
the riverine system. The pooled reach may be a more productive system, 
but it may also be less resilient to perturbation. 

242. The effects of pool regulation on terrestrial biota result 
from the stabilization of water levels. Initially some terrestrial 
habitat is lost through permanent inundation. Animals occupying those 

_hahitats _are _displaced fr_om home ranges and consequently become 
more vulnerable to predation. All habitats have a natural carrying 
capacity for a particular species occupying that habitat. The carrying 
capacity is controlled by the productivity of the system and a multi-
tude of interactions between various components of the system. Dis-
placed organisms cannot simply move to another area of suitable 
habitat because that habitat may not have the capacity to support them. 

243. Prolonged inundation of vegetative communities caused by 
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pool regulation probably results in the loss of portions of existing 
communities and a gradual migration of communities toward the levees. 
In this process of succession, less flood-tolerant communities are 
replaced by more flood-tolerant ones. Depending upon local topographic 
conditions, this could result in a "squeezing" of the more diverse, 
more xeric floodplain communities. Changes in plant communities would 
result in corresponding changes in animal communities. Stabilization 
of water levels is beneficial to the development of marshlands, which 
are, in turn, beneficial to a large variety of wildlife species, espec-
ially waterfowl. However, the longevity of wetlands within the pooled 
reach is not known, but they may be short lived because of increased 
siltation rates. The rate at which wetlands are being lost and 
measures to correct these losses need to be investigated. 

244. Obviously, changes in physical and chemical aspects of the 
river caused by pool regulation have many far-reaching indirect effects 
on the biotic components of the system, changes that are beyond the 
scope of this discussion. Unfortunately, the extent of indirect 
effects is difficult to determine and for the most part is not known. 
In general, however, it can be stated that pool regulation results in 
increased biological productivity (through the promotion of more en-
riched conditions), which may be gained at the expense of overall 
ecological diversity in the affected reach. 

Dredging 

245. Sediments deposited irr tire- channei by- f-luvial processes and 
silt from bank erosion pose a continuous dredging problem in the 
Mississippi and Illinois Rivers. Erosion of cultivated land'is the 
primary source of sediments entering these rivers. 

246. Dredging has direct effects on physical, chemical, and bio-
logical aspects of the river system. Dredging deepens the main channel 
and lessens the resistance to flow, thus altering both geomorphic and 
hydraulic characteristics of the affected reach that could affect 
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exchange rates and chemicals between sediments and over-
lying water. Mixing of sediment and water is unavoidable during 
dredging. This causes short-term increases in turbidity in the vicin-
ity of the dredging activity and may also alter the water quality 
through the resuspension of nutrients, heavy metals, and other materials 
and contaminants that may be contained in the sediments (Boyd et al., 
1972). However, analyses of nutrients, heavy metals, and other chemi-
cal constituents in sediment samples collected from the main channel 
of the study reach indicated that impacts caused by reintroduction of 
nutrients and chemicals into the water column would be minimal. Of the 
chemical constituents examined, only total lead and zinc exceeded the 
EPA criteria (Colbert et al., 1975). For a discussion of probable 
impacts of the resuspension of sediments, see Colbert et al. (1975). 

247. While it is generally accepted that the mechanical effects 
of dredging directly destroy benthic organisms, the extent of the 
mechanical destruction probably varies with types of dredges (Colbert 
et al., 1975; Saila et al., 1972). It is safe to assume, however, that 
the direct destruction of benthic communities would be greater in areas 
that have not been previously dredged than in areas where dredging has 
occurred. Present benthic communities probably differ considerably 
from the type of community that would occur in the total absence of 
dredging; however, it is generally agreed that the main channel area 
is the least productive and least diverse of all riverine habitats in 
terms of benthic invertebrates. The low productivity and diversity of 
the main channel habitat are attributed to the presence of naturally 
occurring khak rBsult in constantly shifting sediments 
on the channel bottom. 

248. In general, dredging in the navigation channel is expected 
to have minor effects on the existing benthic community, localized 
short-term effects on water quality, and perhaps more permanent effects 
on the physical and chemical attributes of the sediments and flow 
characteristics of water. 
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Disposal of Dredged Material 

249. The effects of disposal of dredged material on the aquatic 
and terrestrial environment are potentially greater than the effects 
of dredging because the material must be deposited somewhere other than 
in the relatively unproductive main channel. 

250. Short- and long-term effects of disposal of dredged material 
on the riverine environment have not been thoroughly investigated; 
however, some effects can be qualitatively discussed. Direct effects 
of disposal include the alteration of geomorphic and hydraulic charac-
teristics of the disposal site, which may result in the destruction of 
spawning and nursery areas for fish and in the reduction of habitat 
diversity. Disposal may also result in the smothering of organisms 
including plants and the displacement of other organisms. 

251. Open-water disposal usually results in a temporary suspen-
sion of large volumes of sediments that may contain chemicals and 
nutrients that may enter into solution and adversely affect biological 
communities. As discussed in Part VII, the extent of impact is depen-
dent on the mobility of these substances and whether or not they are 
available to the biota. The effects of resuspension of nutrients and 
chemicals are expected to be minimal in the study area because of the 
relatively uncontaminated nature of the sediments (Colbert et al., 
1975). Also associated with resuspension of sediments is increased 
turbidity in the vicinity of the disposal area, which may lead to a 
temporary reduction_ in_ primary production_ caused_ by reduced_ 1 i ghL 
penetration and the flocculation of phytoplankton. A decrease in 
primary production would cause an overall reduction in community pro-
duction (e.g., fish yield). Turbidity may also lead to temporarily 
reduced foraging efficiency of predators that locate food items by 
sight (including many game fish), impairment of respiratory and repro-
ductive functions of fish, and inhibition of growth. Disposal of 
dredged material may reduce the dissolved oxygen concentration, which 
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could cause the suffocation or stress of organisms. See Johnson et al. 
(1974) and Schramm and Lewis (1974) for more discussion. 

252. The possibility of long-term effects as a result of disposal 
of dredged material is attributed to the presence of nutrients and 
toxic chemicals in the sediment and their possible release and subse-
quent effect on the extent, rate, and diversity of the recolonization 
of benthic populations. As stated earlier, this is not considered a 
serious problem in the study reach. Adverse impacts of disposal on 
the aquatic ecosystem can undoubtedly be minimized through the planned 
placement of dredged material. The curtailment by the St. Louis 
District of disposing of dredged material in or near side channels was 
a significant step in the right direction. 

253. Impacts associated with the disposal of dredged material on 
land include the direct smothering of plants and animals and the dis-
placement of those animals able to escape. Although most dredged 
material in the study area is deposited back into the river, some is 
disposed of on the banks and some on or near existing islands; some 
open-water disposal sites become emergent islands. The quantities of 
material and areal extent of disposal sites are not known but must be 
estimated before impacts of disposal of dredged material can be 
accurately assessed. 

254. Low islands formed of dredged material deposited adjacent to 
the navigation channel rarely become vegetated by anything other than 
weedy annual plants because of recreational uses by boaters and 
because of subsequent transport of disposed sediment downstream during 
high flows. Disposal of dredged material on land tends to promote 
early successional vegetation, which is already abundant in the flood-
plain. If existing plant communities are destroyed by disposal, then 
the impacts would probably be adverse. Research is ongoing at WES, as 
part of the Dredged Material Research Program, to investigate methods 
of enhancing or reclaiming marginal lands using dredged material. 
Additionally, the planned development of specific wildlife habitats 
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(e.g., marsh, upland nesting areas, island nesting areas, etc.) using 
dredged material as a substrate is being pursued. 

Dikes 

255. No dikes have been constructed in the study reach since 
1930 when the construction of the locks and dams was authorized. Con-
struction of the dams caused most existing dikes to become submerged. 
Since 1968 maintenance of dikes has been resumed for those that have 
degraded significantly. Dikes are not presently maintained on a 
schedule but as a response to dike failures. 

256. The process of dike repair causes short-term increases in 
turbidity and resuspension of fine bottom sediments in the vicinity of 
the operation. Reconstruction of deteriorated segments of dikes will 
cover existing benthic communities. Environmental consequences of 
these types of perturbations have been discussed earlier in this 
section. 

257. Dikes have a significant effect of geomorphic and hydraulic 
characteristics of the river. Current velocity is increased in the 
main channel, causing degradation of the channel bed. This scouring 
action has lead to a rather unstable habitat for benthic organisms 
occurring there. The reduced flow rates downstream from the dikes 
enhance deposition of fine, silty material suspended in main channel 
or tributary waters. Land accretion in dike fields may result in a 
loss of aquatic habitat. Plant communities occurring on newly accreted 
lands are of the early successional type. Accreted lands adjoining the 
bank become the property of the owner of the adjoining land if pri-
vately owned; thus, the opportunity for wise management of these lands 
is often lost. 

258. Dike structures and their corresponding upstream and down-
stream dike fields have been reported to be highly productive in terms 
of benthic invertebrates (Johnson et al., 1974). The present study 
substantiates these observations. However, more extensive research is 
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needed to document fully the effects of dikes on the aquatic biota. 
Wildlife use has been documented on dikes and in shallow waters down-
stream from dikes (Terpening et al., 1975). Inasmuch as diked areas 
affect the productivity of aquatic communities, they would have a con-
comitant effect on wildlife that forage primarily on aquatic organisms 
(e.g., wading birds, shorebirds, waterfowl, mink, osprey, and eagles). 

Bank Revetment 

259. Revetments are placed on eroding banks to aid in the main-
tenance of the navigation channel by preventing bank erosion and sub-
sequent channel migration. Revetments are often associated with dikes, 
and the combined effect of both structures is to restrict the natural 
meandering of the main channel and to increase the current velocity, 
causing degradation of the channel bed. However, the effects of dikes 
and revetments are undoubtedly modified by pool regulation. 

260. Construction of revetments can destroy existing nearshore 
and bank communities, but this impact is thought to be minor since 
revetments are usually placed on unstable banks. Placement of revet-
ments will also cause localized temporary resuspension of sediment. 
Limited field observations by Johnson et al. (1974) have indicated that 
rock revetment may create a superior habitat as compared to natural 
shorelines by providing greater diversity for aquatic organisms through 
stabilization of the river's banks. Additional observations by Klein 
et al. (1975) and Terpening et al. (1975) indicated that revetted banks 
are colonized by pioneer plant species and may provide cover for 
reptiles, amphioians, ana mammals. Productivity and diversity of 
biotic communities associated with revetments (aquatic and terrestrial) 
need to be investigated and compared to nonrevetted areas. 
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PART IX: RECOMviENDED ADDITIONAL STUDIES 

261. Innovative concepts, techniques, and procedures that mini-
mize adverse environmental impacts of maintaining the existing 9-ft 
navigation channel in the study reach can be developed only in conjunc-
tion with a multiobjective, interdisciplinary approach. Specific 
objectives include, of course, maintenance and enhancement of environ-
mental quality and achieving maximum economic and operational practi-
cality. Accordingly, the following suggest and imply study areas that 
may warrant consideration with a view toward formulating concepts and 
techniques to achieve these objectives. 

Pool Regulation 

262. It is strongly suspected that establishment and long-term 
maintenance of navigation pool levels may result in increased biologi-
cal productivity because of surplus nutrients retained during periods 
of low flow. However, in spite of overall increases in productivity, 
ecosystem diversity in the affected reach may be reduced. Consequently, 
the concept of maintaining a desirable level of diversity within the 
river system should be developed. In developing this concept, criteria 
must be established for selecting the distribution and types of specific 
habitats and species to be maintained; that is, the target level of 
diversity must be defined. Further, this level of diversity must be 
achievable within a realistic framework of prevailing environmental 
and economic conditions and must be compatible with navigation, local 
land-use patterns, recreational use and expected trends, and riverine 
settings. 

263. Wetland and marsh areas are well-known contributors to 
ecosystem productivity, diversity, and stability. Because a net, 
long-term decrease in these riverine wetland areas has occurred and 
will probably continue to occur, rates at which these areas are being 
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lost and methods for replacing or reclaiming some of them should be 
considered for study. Small, incremental raises in pool levels could 
result in restoration of some marshland area, at the expense of some 
loss in existing, more mature terrestrial habitats. This trade-off 
must be carefully viewed within its proper perspective; that is, low-
lying riverine wetlands and marsh areas are being invaded by pioneer 
upland vegetation as deposition increases substrate elevations. Thus, 
any gain in marsh area achieved by pool raises alone would be tempor-
ary. If pool level raises are determined to be wholly undesirable, 
consideration should be given to studying the feasibility of dredging 
and/or grading emerging upland areas to achieve favorable elevation 
configurations for subsequent marsh development and habitat enhance-
ment. If this concept appears feasible, steps should be taken 
sufficiently early to ensure that accreted land reverts to State or 
Federal ownership for fish and/or wildlife management. 

264. Small, incremental pool raises could possibly decrease the 
overall maintenance dredging requirement (Simons et al., 1975). The 
inherent disposal-related problems and impacts would then be propor-
tionately reduced. However, the engineering feasibility and structural 
integrity of the existing locks and dams may not allow pool raises. 

265. Backwater areas on the unprotected floodplain (areas of 
internal ponding at normal pool levels) are recognized as being impor-
tant habitats and contribute significantly to ecological diversity of 
the riverine system (Schramm and Lewis, 1974, and Sparks, 1974). Con-
sideration should be given to studying the advisability of short-term 
pool raises during dry years to nourish these areas. Further, these 
areas deserve much study, with a view toward preserving, extending, 
and duplicating those particular essential characteristics that promote 
desirable productivity and enhance biological diversity. 

Dredging and Disposal 

266. If overall quantities of dredged material and/or frequency 
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of dredging could be reduced, impacts of dredging and disposal would be 
minimized. Further, O&M project costs would be reduced. Adjustments 
in navigation channel alignment within the riverbed to minimize both 
channel shoaling and frequency and amount of required dredging should 
therefore be studied and considered. For any channel realignment, 
however, a benthic community would probably be disrupted. Thus, an 
inventory should be made and the relative value of each invertebrate 
benthic community that would be disrupted by implementing minor channel 
realignments should be determined. In some cases preservation of 
highly productive or unique benthic communities may preclude an optimal 
realignment. To be valid, any resulting decisions should be made 
after considering the potential recolonization of each segment of the 
abandoned channel, which may quickly aggrade with shoaled material 
prior to recolonization. Effects of navigation traffic on turbidity 
should be quantified for high-, average-, and low-flow cases. 

267. The water-quality degradation attributable to resuspension 
of shoaled material should be quantified. Logically, shoaled material 
could then be classified as to the degree of contamination, if any. 
This information could be useful in selecting and allocating areas for 
disposal of any contaminated sediments and for determining priorities 
and frequencies for dredging reaches containing especially contaminated 
sediment. 

268. Representative dredging and disposal operations should be 
monitored to provide data with which to assess the effects of the 
operations on water quality and aquatic biota. This would further 
substantiate or refute the concept that many dredging_iffiRacts are, 
indeed, short-term only. Prerequisite to this determination, reach-
specific baseline studies would be required. 

269. The concept of barging dredged material to downstream navi-
gation pools or pool areas to eliminate the repeated dredging of that 
same material warrants study. 

270. Finally, a comprehensive, interdisciplinary reach-specific 
study should be undertaken for selecting aquatic and terrestrial 
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disposal areas. Serious consideration should be given to: (1) main-
taining fish spawning and nursery areas; (2) enhancing habitat diver-
sity; (3) preserving and enhancing benthic habitat; (4) minimizing 
induced geomorphic changes that result in long-term or permanent 
adverse effects; (5) location, distribution, and elimination of con-
taminants that may enter into solution and adversely affect the bio-
logical community; (6) controlling turbidity; (7) maintaining desired 
concentrations of dissolved oxygen; and (8) preserving valuable, mature, 
near-bank terrestrial areas (particularly bottomland hardwood communi-
ties). Many adverse impacts could be minimized by carefully planned 
placement of dredged material on poor aquatic and terrestrial habitats. 
In some cases, enhancement of degraded upland areas may be possible. 
A survey, classification, and quantification of existing habitats 
adjacent to known areas that require frequent dredging are thus needed. 

Side Channels 

271. Although studies have already been directed at side channels, 
the sources and concentrations of heavy metal compounds, pesticides, 
and polychlorinated biphenyls existing in some of these areas and tl1e 
probable effect on the ecology of the riverine system need additional 
study. 

Appurtenant Structures 

272. A special study effort should focus on developing dike and 
revetment designs and identifying maintenance techniques and procedures 
for existing structures that would maintain or, if possible, provide an 
increased diversity of riverine system species and habitats. There are 
two basic aspects to any such study: engineering (physical) and bio-
logical. The physical aspects include identifying the manner in which 
existing structures now affect sedimentation, water quality, river 
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current, and vegetative patterns. Subsequently, desirable environmen-
tal changes could be achieved by prudent maintenance, removal, altera-
tion, or repositioning of existing structures. The biological aspect 
would revolve around determining what, if any, qualitative and quanti-
tative changes would be desirable. These two study aspects would, of 
course, have to be meshed together in an interdisciplinary effort. 

Other Studies 

273. A sport and commercial fishery survey would be essential to 
the formulation of guidelines for target diversity levels. Both con-
sumptive and nonconsurnptive uses should also be considered in this 
formulation process, implying that all recreational and commercial 
needs will be considered. To enhance or manage diversity levels in the 
river, the controversy surrounding the possible effects of locks and 
darns on fish migrations must be resolved. Research that leads to a 
determination of the significance of these effects, if any, would be 
valuable in formulating future Corps of Engineers (CE) projects. 

274. Wastewaters released from primary and secondary treatment 
facilities and fertilizer-laden agricultural runoff can lead to in-
creased riverine production of autotrophic microorganisms. These 
biota can change the aquatic environment in ways harmful to certain 
valuable species and may cause eutrophic conditions in extreme cases. 
In a free-flowing river, these undesirable effects are minimized by 
the inherent water exchange capacity. However, in slackwater naviga-
tion pools during warm, low-flow periods, removal of objectionable 
substances by water exchange i:s- minbnal, arnt damage- ro- the- ec-osystem-
could be permanent. These effects on the environment, caused indi-
rectly by the impounding of water by the navigation darns, should be 
carefully assessed and quantified, and plans for mitigation measures 
should be developed. 
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