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Foreword

Many of the current issues faced by land and water management agencies are complex and 
often have resulted from past management practices and the competition among users for 
limited resources. Decisions about resource use often require an understanding of the potential 
results of alternative management actions. This understanding is based upon knowledge about 
the interactions of the many components which make up a watershed or ecosystem, and the 
science necessary to develop this foundation requires experts from many disciplines working 
together. At USGS, our mission to provide reliable scientific information is enhanced through 
this interdisciplinary approach to science problems and provides managers with a more com-
plete understanding on which to base their decisions. This report is the result of applying an 
interdisciplinary approach to the issues of ecosystem function in the channel and flood plain of 
the Lower Missouri River.  

Thomas J. Casadevall 
Regional Director, Central Region 
U.S. Geological Survey
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Chapter 1 
Introduction: Science to Support Adaptive Habitat 
Management, Overton Bottoms North Unit, Big Muddy 
National Fish and Wildlife Refuge, Missouri
By Robert B. Jacobson

Abstract
Extensive efforts are underway along the Lower Missouri 

River to rehabilitate ecosystem functions in the channel and 
flood plain. Considerable uncertainty inevitably accompanies 
ecosystem restoration efforts, indicating the benefits of an 
adaptive management approach in which management actions 
are treated as experiments, and results provide information to 
feed back into the management process. The Overton Bot-
toms North Unit of the Big Muddy National Fish and Wild-
life Refuge is a part of the Missouri River Fish and Wildlife 
Habitat Mitigation Project. The dominant management action 
at the Overton Bottoms North Unit has been excavation of a 
side-channel chute to increase hydrologic connectivity and 
to enhance shallow, slow current-velocity habitat. The side-
channel chute also promises to increase hydrologic gradi-
ents, and may serve to alter patterns of wetland inundation 
and vegetation community growth in undesired ways. The 
U.S. Geological Survey’s Central Region Integrated Studies 
Program (CRISP) undertook interdisciplinary research at the 
Overton Bottoms North Unit in 2003 to address key areas of 
scientific uncertainty that were highly relevant to ongoing 
adaptive management of the site, and to the design of simi-
lar rehabilitation projects on the Lower Missouri River. This 
volume presents chapters documenting the surficial geologic, 
topographic, surface-water, and ground-water framework of 
the Overton Bottoms North Unit. Retrospective analysis of 
vegetation community trends over the last 10 years is used to 
evaluate vegetation responses to reconnection of the Overton 
Bottoms North Unit to the river channel. Quasi-experimental 
analysis of cottonwood growth rate variation along hydrologic 
gradients is used to evaluate sensitivity of terrestrial vegetation 
to development of aquatic habitats. The integrated, landscape-
specific understanding derived from these studies illustrates 
the value of scientific information in design and management 
of rehabilitation projects. 

Background and Introduction
The channel form and flow regime of the Lower Missouri 

River have been substantially altered to promote economic 
development, but at the expense of fish and wildlife habitat 
(National Research Council, 2002). The Lower Missouri 
River (generally defined as the Missouri River downstream 
of Gavins Point Dam at Yankton, South Dakota, fig. 1) drains 
1,300,000 km2 (square kilometers) at its mouth (U.S. Army 
Corps of Engineers, 1998). The river has been regulated since 
1954 by the Missouri River Reservoir system, the nation’s 
largest reservoir system with nearly 93 km3 (cubic kilometers) 
of storage. Engineering of the Lower Missouri River began 
in the 1830’s with clearing, snagging, and bank stabilization 
to improve conditions for steamboat navigation. Most of the 
river’s engineering structures date from the Missouri River 
Bank Stabilization and Navigation Project, first authorized in 
the Rivers and Harbors Act of 1912 and followed by an addi-
tional six acts of Congress in 1917, 1925, 1927, 1930, 1935, 
and 1945 (Ferrell, 1995). Wing dikes and revetments stabilized 
the riverbanks, and narrowed and focused the thalweg to main-
tain a self-dredging navigation channel from Sioux City, Iowa, 
1,200 km downstream to St. Louis, Missouri. These engineer-
ing structures created a narrow, swift, and deep channel from 
what was historically a shallow, shifting, braided river, result-
ing in the loss of as much as 400 km2 of river-corridor habitats 
(Funk and Robinson, 1974; Hesse and Sheets, 1993; NRC, 
2002; Galat and others, 2005). 

Recognition of the scope of habitat loss has increased 
interest on rehabilitating parts of the Missouri River to help 
recover native biota (Latka and others, 1993). The U.S. Army 
Corps of Engineers (USACE) began implementing the Mis-
souri River Fish and Wildlife Mitigation Project (Mitigation 
Project) in 1986. Initial authorization for mitigation along 
the Lower Missouri River was for 48,100 acres; an additional 
118,650 acres were authorized in 1999 (USACE, 2004c). In 



�  Science to Support Adaptive Habitat Management

Lewis & Clark Lake
(Gavins Point Dam)

Lake Francis Case
(Fort Randall Dam)

Lake Sharpe
(Big Bend Dam)

Lake Oahe 
(Oahe Dam)

Lake Sakakawea
(Garrison Dam)

Fort Peck Lake
(Fort Peck Dam)

Great Falls

Williston

Bismarck

Pierre

Yankton

Sioux
City

St.
Louis

Kansas City

Great Falls

Williston

Bismarck

Pierre

Omaha

Kansas City

North
Dakota

Montana

South
Dakota

NebraskaWyoming

Iowa

Kansas

Missouri

Figure 1. Lower Missouri River.  The Lower Missouri River is defined as the 1,340 km of river from Yankton, South 
Dakota to St. Louis, Missouri.  It starts downstream from the lower-most mainstem dam and ends at the confluence 
with the Mississippi River.  The downstream 1,175 km is heavily engineered with wing dikes and revetments to form a 
stable, self-maintaining navigation channel from Sioux City, Iowa to St. Louis.

1994, the U.S. Fish and Wildlife Service (USFWS) created 
the Big Muddy National Fish and Wildlife Refuge (Refuge) to 
acquire 60,000 acres of Missouri River bottomland between 
St. Louis and Kansas City, Missouri for habitat rehabilitation. 
Following the “Great Flood” of 1993, numerous landowners 
sold their flood-damaged lands to the USFWS, USACE, and 
other government agencies. 

The Overton Bottoms North Unit of the Refuge (fig. 2) 
was originally acquired by the USACE as part of the Mitiga-
tion Project. Subsequently, the Refuge also purchased some 
adjacent land that was incorporated into the Overton Bot-
toms North Unit. Following the Mitigation Project model, the 
USACE-owned area was developed by the USACE and turned 
over to the USFWS for management. 

Like many ecological restoration efforts, the Overton 

Bottoms North Unit Rehabilitation Project involves consider-
able uncertainty (USACE, 1999; Wissmar and Bisson, 2003). 
Because levee breaks have opened the area to flow from the 
Missouri River, ecological responses are affected strongly by 
stochastic hydrologic events. Poorly predictable hydrologic 
events are further modulated by complex interactions between  
surface water and ground water. Ground-water hydraulics are 
also strongly controlled by poorly understood stratigraphy and 
sedimentology of surficial materials. Many have argued that 
management of natural resources in the context of uncertainty 
requires an adaptive management approach in which manage-
ment actions are treated as experiments, and results are incor-
porated back into management strategies (Federal Interagency 
Stream Restoration Working Group, 1998; Downs and others, 
2002; Palmer and others, 2005). 

LOWER MISSOURI RIVER

MISSOURI RIVER BASIN
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Figure 2. Location of the Overton Bottoms North Unit, Big Muddy National Fish and Wildlife Refuge, Missouri.  The 
Overton Bottoms North and South Units are part of the U. S. Army Corps of Engineers Missouri River Fish and Wildlife 
Mitigation Project.  The North Unit is managed by the U.S. Fish and Wildlife Service; the South Unit is managed by the 
Missouri Department of Conservation.
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Purpose and Scope

This report presents a case history of application of 
scientific investigations to adaptive management of a rehabili-
tation project along the Lower Missouri River. In the case of 
the Overton Bottoms North Unit, a key management question 
is how vegetation communities will respond to hydrologic 
alterations imposed by reconnection of the flood plain with the 
channel and side-channel chute construction. The trade-offs 
between aquatic habitat enhancement in the side-channel chute 
and potential degradation of flood-plain and wetland commu-
nities are of concern to Refuge managers (M. Gallagher, oral 
commun., 2002). The underlying scientific questions involve 
interaction of surface water and ground water, modulation of 
ground-water hydraulics by complex surficial geology, and the 
extent to which the target vegetation communities are sensitive 
to the altered hydrologic gradients. We chose vegetation as the 
biologic response variable because it is an element of habitat 
for many other biologic assemblages, it is directly manage-
able, and it is relatively easy to measure its distribution and 
processes.

This report is partitioned into six chapters that include:

This introduction.

Geologic and topographic context of the Overton Bottoms 
North Unit.

Ground water and surface water hydrology of the Overton 
Bottoms North Unit.

Broad-scale vegetation community responses to altered 
hydrology.

Fine-scale cottonwood growth-rate responses to altered 
hydrology.

Implications of scientific investigations for the adaptive 
management of the Overton Bottoms North Unit.

Recent History of the Overton Bottoms 
North Unit

Before the summer of 1993, the Overton Bottoms North 
Unit area was mostly farmland used for production of corn 
and soybeans. The peak daily mean flow during the 1993 
flood was 20,400 cms (cubic meters per second) measured 
16 km upstream at Boonville, Missouri. This discharge 
nearly matched the estimated 0.002 chance flood (that is, 
500-year recurrence interval) for the Boonville gaging station 
(USACE, 2004a). The flood waters overtopped and breached 
levees at Overton Bottoms, flooded the valley from bluff to 
bluff, eroded a deep scour hole under the Interstate 70 bridge 
approach, and deposited extensive sand splays on the flood 
plain in the Overton Bottoms South area (fig. 2). 

1.

2.

3.

4.

5.

6.

The 1993 flood was followed by six years of relatively 
high flows during which Overton Bottoms flooded multiple 
times (fig. 3). Six floods during this period were near or 
exceeded the estimated 0.2 chance flood (5-year recurrence 
interval) and 11 floods were near or exceeded the 0.5 chance 
flood (2-year recurrence interval). Long duration of the 1993 
flood, recurring flooding, and un-repaired levees made the area 
nearly impossible to farm. During 1994–1997, the USACE 
and USFWS completed purchase of most of the Overton Bot-
toms North Unit, which eventually totaled 800 ha (hectares) 
(USACE, 1999).

The main habitat rehabilitation effort for the Overton 
Bottoms North Unit was construction of a flow-through side-
channel chute to provide aquatic habitat (USACE, 1999). 
Roads and parking lots were designed to afford access to the 
public. Management of the remaining 683 ha was originally 
intended to be low maintenance with managers relying on 
natural processes to recover flood-plain habitats to pre-agricul-
tural conditions (USACE, 2002). However, some active plant-
ing of mast-bearing trees and invasive plant control efforts 
have been undertaken.

Previous Scientific Investigations
The 1993 flood also resulted in a new emphasis on 

ecological research on the Lower Missouri River. Numerous 
studies were undertaken to improve understanding of the role 
of flooding in sustaining populations and ecosystem processes 
(see for example, Galat and others, 1998). These studies illu-
minate the complex interactions between the water and land 
and the subsequent response of biota. Studies included:

Integrative studies of flood-plain ecosystem processes 
including relations among hydrology, limnology, fish, 
shorebirds, and invertebrates (Chapman and others, 
2004; Havel and others, 2000).

Wetlands and waterfowl abundances (Ehrhardt, 1996; 
Humburg and others, 1996; McColpin, 2002).

Vegetation community establishment and growth 
(Mazourek, 1998).

Nutrient processing and limnology of the Missouri 
River and flood-plain wetlands (Knowlton and Jones, 
1997, 2000, 2003; Blevins, 2004).

Alluvial aquifer ground-water flow and relations 
between surface-water discharges and ground water 
(Kelly, 2000, 2001; Jacobson and Kelly, 2004a). 

Fish communities in scours and shallow-water habitats 
marginal to the main channel (Galat and others, 1997; 
Grady and others, 1999; Sargent and Galat, 2002).

•

•

•

•

•

•
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Life histories and habitat use of flood-plain dwelling 
turtles and mammals (Bodie and others, 2000; Bodie 
and Semlitsch, 2000a,b; Williams and others, 2001).

Hydrology and geomorphology of the Lower Missouri 
River, including hydrology and geomorphic evolution 
of side-channel chutes (Jacobson and others, 1999; 
Galat and Lipkin, 2000; Jacobson and others, 2001; 
Jacobson and Heuser, 2002; Jacobson and others, 
2004a, b). 

Resource Management Issues
Rehabilitation strategies on the Missouri River fall into 

several distinct categories, covering a range of passive to 
intensive approaches (table 1).

The intent of all these rehabilitation strategies is to 
naturalize the river corridor (see Rhoads and others, 1999) by 
increasing the diversity and dynamic range of habitats. How-
ever, the scientific basis for design of such projects is poor. 
Most designs are based on the premise that any change that 

•

•

increases topographic and hydrologic variability will be an 
improvement. This approach assumes that once the new physi-
cal system is in place, there will be desirable biological results. 
Experience in monitoring physical aspects of several exist-
ing rehabilitation projects has demonstrated that stochastic 
hydrology and poorly understood sediment and woody-debris 
transport systems combine to produce substantial uncertainty 
in how the physical template will evolve (Jacobson and others, 
2001; 2004b; Chapman and others, 2004). Moreover, general 
understanding of the inherent complexity of riverine ecosys-
tems indicates that biotic responses are likely to be complex 
and unpredictable (Hilderbrand and others, 2005; Wissmar and 
Bisson, 2003).

The large uncertainties associated with performance 
of rehabilitation projects dictates an adaptive management 
approach in which performance monitoring and analysis are 
used to adjust project design, enhance maintenance, and/or 
realign project objectives (Downs and others, 2002). Within 
the adaptive management framework, rehabilitation projects 
become large-scale field experiments that have great potential 
for exploration of complex ecosystem responses to imposed 
manipulations (NRC, 1999, 2002; Allen and others, 2001). 

Figure 3. Missouri River at Boonville, Missouri, 1992–2005. Discharge recurrence intervals and 
events in the construction of the Overton Bottoms North Unit are noted. Recurrence intervals were 
calculated from the U.S. Army Corps of Engineers (2003). 



�  Science to Support Adaptive Habitat Management

Overton Bottoms North Unit Case Study

Habitat rehabilitation at the Overton Bottoms North Unit 
provided an opportunity to use management actions as adap-
tive management experiments. The two major management 
activities at the Overton Bottoms North Unit were construction 
of the side-channel chute and relatively passive management 
of vegetation communities in the remaining area.

The long-term geomorphic evolution of the side-channel 
chute, the types of habitats it produces, and effects on adja-
cent flood-plain areas and the main channel of the Missouri 
River are primary management concerns at Overton Bot-
toms North (USACE, 1999). Jacobson and others (2004b) 
described hydrologic characteristics, hydraulics, habitats, 
and geomorphic evolution of four side-channel chutes on the 
Lower Missouri River, including the Overton Bottoms North 
Unit side-channel chute; the following description is from that 
report. The initial construction of the chute was in 2000 (fig. 4). 
Because of a very conservative design, the first generation of 
the side-channel chute was remarkably stable despite being 
designed as a pilot side-channel chute and being subjected to 
multiple floods with a 2–5 year recurrence intervals (fig. 3). 
After three years of existence, the Overton Bottoms North 
Unit side-channel chute had produced little natural aquatic 
habitat and was in danger of filling in with sediment in the 
downstream half. To correct this situation the side-channel 
chute was re-aligned and re-excavated during spring 2003. 
Excavation deepened, steepened, and enlarged the chute  
(figs. 4, 5). Placement of excavation spoil at the top of vertical 
banks was intended to promote bank instability and accel-
erate geomorphic adjustment. Compared to the first-gen-
eration design, re-engineering of the side-channel chute in 
2003 reflected a much less risk-averse attempt to promoting 

dynamic habitats. The extreme change in side-channel chute 
form produced the opportunity to investigate the effect of 
hydrologic gradients on ecological processes as pursued in 
this report. Ongoing U.S. Geological Survey investigations 
are documenting geomorphic adjustment of the side-channel 
chute.

Vegetation community changes also are of particular 
interest to Refuge managers at the Overton Bottoms North 
Unit as they comprise fundamental habitat attributes for many 
other biotic components (Thomas Bell, oral commun., 2000). 
One frequently cited management goal for riverine areas is 
enhancement of hard mast-producing trees such as oaks and 
hickories to provide food sources for deer and turkeys (Gross-
man and others, 2003). An alternative management goal could 
be to restore the presettlement vegetation of the valley bottom. 
The early successional stages of cottonwood/willow com-
munities that dominate much of the valley-bottom conserva-
tion lands affected by the 1993 flood were also dominant in 
pre-settlement time (Harlan and Denny, 2003) and have been 
shown to be important habitat for other bird species, includ-
ing neotropical migrants (Swanson, 1999). The successional 
trajectory of flood-plain communities is therefore an important 
question for managers: should the communities be actively 
managed with planting, burning, or thinning, or can manage-
ment values be achieved through low-maintenance, passive 
approaches? 

A related vegetation issue is how to manage or con-
trol invasive species. Johnson grass (Sorghum halepense), 
for example, is an aggressive non-native species that grows 
prolifically in open areas of the Overton Bottoms North Unit 

Table 1. Types of rehabilitation activities in the Lower Missouri River corridor

Type Objectives Approach

Intensively managed 
wetlands

Provide specific wetland habitats and associated 
food sources at specific times of the year to 
support, mostly, waterfowl production.

Construct leveed wetland compartments;  
manipulate interior drainage; pump or drain 
as needed to optimize water levels; plant food 
crops for water fowl

Passive wetlands Provide general wetland habitats at least cost. Remove levees to increase frequency of flooding

Side-channel chutes Provide off-channel aquatic habitats; increase 
hydrologic connection of valley bottom to 
main channel.

Construct off-channel chute; inlets and outlets 
variably designed to achieve hydroperiod and 
sediment transport objectives

Shallow-water within 
channel

Provide shallow, slow current-velocity habitat 
along margins of main channel.

Increase top width; remove revetment and  
allow lateral erosion; manipulate wing dikes to 
achieve diversity of habitat.
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Figure �. Locations of the side-channel chutes and features at Overton Bottoms North.

(Barbara Moran, oral commun., 2000). Managers would like 
to know whether Johnson grass invasion is a transient phenom-
enon that will eventually succumb to shading from tree com-
munities, or whether Johnson grass will require a long-term 
management strategy. Understanding of the surficial geology 
and hydrology of the Overton Bottoms North Unit landscape 
may also demonstrate spatial controls on distributions of inva-
sive species and therefore indicate ways to maximize manage-
ment efforts.

In addition to terrestrial habitat management questions, 
there is considerable interest in aquatic habitats, especially 
as they promote recovery of threatened and endangered 
species. In 2003, the USACE began creating shallow, slow 
current-velocity habitat (SWH) intended to provide nursery 
and rearing habitat for young native fishes, and in particular 
to benefit the endangered pallid sturgeon (Scaphirhynchus 
albus) (USFWS, 2003; USACE, 2004b). SWH is defined as 

water 0 to 5 feet deep (0–1.5 m [meter]) and 0 to 2 feet per 
second (0–0.75 m/s [meter per second]) current velocity. The 
side-channel chute at the Overton Bottoms North Unit and 
additional areas adjacent to the Refuge on the margins of the 
main channel (fig. 2) have been considered part of the SWH 
enhancement effort. Development of aquatic habitat, however, 
necessarily involves a trade-off: the loss of some flood-plain 
or wetland habitat. For example, development of SWH in the 
main channel adjacent to the Refuge in 2004 resulted in the 
loss of approximately 8 ha (hectares) of woody riparian cor-
ridor. Mature cottonwood trees in the area may have provided 
roosting and nesting sites for bald eagles and other birds. A 
central question addressed by this volume is the extent to 
which development of the side-channel chute affects wetland 
hydrology, and consequently, flood-plain vegetation commu-
nity patterns, growth rates, and associated habitats for other 
species. 
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Figure �. Adaptive re-excavation of Overton Bottoms North chute.  A. Map of first-generation and second-generation 
chutes showing cross-section monitoring locations.  B. Excavation of chute in spring 2003.  C. Representative cross 
sections showing first generation of chute and the extent of deepening, steepening, and enlargement by re-excavation. 



Chapter 1 – Introduction 11

Science Questions
Although a great deal is understood in general about the 

value of connections between rivers and their flood plains 
(Junk and others, 1989; Bayley, 1995; Sparks and others, 
1998), scientific understanding is insufficient to provide 
specific guidance for rehabilitation design and to evaluate 
resource trade-offs. This volume addresses some of the funda-
mental science questions underlying rehabilitation design in 
context of a specific landscape. 

Surficial Geologic Framework

Surficial geology refers to the study of the rocks and 
mainly unconsolidated materials that lie at or near the land 
surface (Ruhe, 1975). Surficial geology encompasses the 
topography of the land surface and the stratigraphy, sedi-
mentology, geochronology, and pedology of the underlying 
sediments (Jacobson and others, 2003). Only recently have 
substantive efforts been applied to describing and mapping the 
surficial geology of the Lower Missouri Valley (see publica-
tions cited in this volume, chapter 2). 

Understanding of the surficial geologic record has two 
fundamental applications to adaptive management of bot-
tomland resources. The sediments that comprise the alluvial 
valley fill, their properties and stratigraphic sequence, and 
their characteristic surface morphologies are strong controls 
on ground- and surface-water distributions. Surficial geologic 
maps and sub-surface data, therefore, are rich in information 
with a direct bearing on habitat capability of the landscape. 
In addition, the historical information that can be interpreted 
from understanding of surficial geology presents a unique 
perspective on long-term landscape behavior. The geologic 
record of how river deposition and erosion have responded to 
hydroclimatic and anthropogenic events can be important in 
understanding the range of disturbances a river is subject to 
under present-day conditions (Jacobson and others, 2003). 

Scientific questions being addressed through surficial 
geologic investigations include:

What are the effects of late Pleistocene and Holocene 
climatic events on hydrology, sediment supply, sedi-
ment transport, erosion, and deposition of the Lower 
Missouri River?

What are the valley-scale controls on preservation, stra-
tigraphy, and sedimentology of the alluvial valley fill?

How do hydraulic properties, stratigraphy, and surface 
morphology correlate among mappable allostrati-
graphic units?

•

•

•

While the direct role of surficial geologic studies at the 
Overton Bottoms North Unit are in application to ground-
water hydraulics and wetland distributions, the surface and 
subsurface data collected at Overton Bottoms North Unit for 
this project adds to a growing body of information on surficial 
geology of the Lower Missouri River.

Hydrology
Breaching of levees and construction of the side-channel 

chute at the Overton Bottoms North Unit increased the oppor-
tunity for hydrologic connection between the channel and the 
rest of the river corridor. Connectivity was increased for floods 
ranging from bankfull to those that would have overtopped the 
pre-existing levees with 1.5 to 10 year recurrence intervals. 
Flooding pathways provided by levee breaches and the chute, 
however, also may speed drainage from the flood plain after a 
flood, thereby decreasing length of inundation. In addition, the 
side-channel chute may allow for greater infiltration or drain-
age from the alluvial aquifer than would have existed with-
out it. Because of complex interactions between surface and 
ground water, the net affect of rehabilitation activities involves 
considerable scientific uncertainty.

Science questions related to hydrology include:

How do inundated area, residence times, depths, and 
current velocities vary with discharge?

How are spatial patterns of inundation controlled by 
topography?

How sensitive are surface-water flow patterns to 
hydraulic roughness induced by vegetation  
communities, and how do roughness effects change  
as communities undergo successional change?

How do surface water and ground water interact to 
influence near-surface moisture distributions and  
water quality?

To what extent do surficial geologic strata control  
permeabilities, transmissivities, and ground-water 
levels?

How do topographic alterations associated with 
rehabilitation activities affect the overall hydrologic 
response of river bottoms?

The Overton Bottoms North Unit provides a field setting 
for exploration of these hydrologic questions and for evaluat-
ing how surface- and ground-water interactions may change 
over the long term as geomorphic and vegetation adjustments 
proceed. Although this report does not address all these ques-
tions exhaustively, it provides the framework for quantifying 
hydrologic alteration at the Overton Bottoms North Unit.

•

•

•

•

•

•
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Selected Ecological Responses

Biotic changes associated with hydrologic alteration of 
the Overton Bottoms North Unit have the potential to be  
widespread as hydrology is a fundamental driver of river- 
corridor ecosystem processes. Responses may be direct 
responses to how much, how long, and how frequently a site  
is inundated, or responses may be complex and indirect in 
relation to vegetation and/or water-quality alterations.  
Moreover, biotic responses may be measurable at many  
different trophic levels, from primary productivity to popula-
tion characteristics of vertebrate species. 

Evaluations of ecological restoration projects must often 
confront which biotic indicators are most effective for perfor-
mance assessment (Palmer and others, 2005). In some cases, 
performance may be best assessed in terms of physical/chemi-
cal parameters like residence time of water, carbon retention, 
or nitrogen processing. In many cases, however, there is a 
need to demonstrate performance in terms of biotic responses. 
Although vegetation communities are not a universal indica-
tor of ecosystem performance, they are effective indicators 
because of the relative ease of sampling vegetation in the field 
and through remote sensing, and because vegetation often 
contributes substantially to habitat quality for other biota.

Dominant scientific questions related to vegetation  
communities are:

What are the successional trajectories and time frame 
for flood-plain vegetation communities?

Are trajectories toward steady state vegetation  
communities (measured in terms of species composi-
tion) different depending on the antecedent land cover? 

Are vegetation communities different depending on 
topographic and surficial geologic characteristics of  
the valley bottom?

Are typical flood-plain vegetation communities  
sensitive to the scale of hydrologic alteration in flood-
plain rehabilitation projects?

Because substantial areas at the Overton Bottoms North 
Unit have entirely new vegetation communities since the 1993 
flood, the area serves as a long-term experiment for evaluating 
successional trajectories. In addition, active manipulation of 
the side-channel chute provides opportunities for experimen-
tal evaluation of sensitivity of tree communities to steepened 
hydrologic gradients. 

The Role of Science in Adaptive 
Resource Management

The concept of adaptive management has been pro-
moted as a way to deal with uncertainties in natural resource 
management. In its simplest form, adaptive management is 

•

•

•

•

a structured process of “learning by doing” (Walters, 1986, 
1997), but it is also used to describe more formal processes 
of systems modeling and iterative hypothesis testing (Blu-
menthal and Jannink, 2000). Adaptive management is usually 
described as a formal, multi-step process (Walters, 1986): 

Identification of management problems.

Setting of management objectives through the lens of the 
ecosystem/basin stakeholder vision and goals. 

Integration of existing information on how the  
system operates into dynamic models to predict  
how alternative management decisions will alter  
the system.

Testing and selection of management experiments through 
the aforementioned models.

Design of actual field experiments.

Implementation of management experiments.

Monitoring and evaluation of experiments and  
their affects on system performance.

Feedback to update models, reassessment, update of man-
agement actions.

Repeat as necessary to achieve objectives, goals  
and vision.

The rehabilitation project at Overton Bottoms North Unit 
did not follow this formal process. In particular, the design 
of management experiments around scientific models, steps 
3–5, was omitted. Step 7 (including work described in this 
report and several other projects) was pursued opportunisti-
cally rather than being an integral part of the rehabilitation 
project. The assessment and modeling aspects of step 8 have 
not occurred. Re-excavation of the side-channel chute in 2003 
could be interpreted as adaptive management, but it did not 
occur within the context of systematic evaluation of ecological 
performance of the system. Finally, whether adaptive manage-
ment is institutionalized (step 9) in the future remains to be 
seen. Nevertheless, the Overton Bottoms North Unit Rehabili-
tation Project fulfills the fundamental descriptor of adaptive 
management as “learning by doing”.

In retrospect, two simple conceptual models define the 
Overton Bottoms North Unit Rehabilitation Project experi-
ment. The first conceptual model (or hypothesis) is that allow-
ing hydrologic connection to the Overton Bottoms North Unit 
will create patches of vegetation communities that will evolve 
along successional trajectories defined by their position on 
the landscape and the underlying surficial geologic materials. 
Over a multi-decade time frame, these patches will provide 
spatially varied and dynamic habitats. The data and analyses 
presented in chapters 2–4 of this volume develop this model in 
greater detail. 

The second conceptual model involves the detailed 
interaction between surface water and ground water adjacent 

1.

2.

3.

4.

5.

6.

7.

8.

9.
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to the side-channel chute. The model (or hypothesis) states 
that steep hydrologic gradients induced by the side-channel 
chute will affect hydroperiod in adjacent wetlands and growth 
rates of native tree species (fig. 6). Whether this conceptual 
model is valid or not depends, at least, on permeability of the 
alluvial materials and the sensitivity of tree species to the new 
hydrologic gradients. This model is explored in this volume, 
chapter 5.

Realistically, the rehabilitation project at the Overton 
Bottoms North Unit cannot be considered a formal experiment 
as it does not involve complete randomization of treatments 
and sampling; rather, the evaluation is a quasi-experiment sim-
ilar to conventional before-after/control-impact designs (Block 
and others, 2001). Although quasi-experiments do not have the 
inferential power of completely randomized experiments, they 
are much more practical in typical field situations. In the case 
of the Overton Bottoms North Unit Rehabilitation Project, we 
consider retrospective analysis tracking vegetation community 
growth over time and evaluation of growth rates related to 
hydrologic gradients as exploratory quasi-experiments that can 
yield useful knowledge about process and broad constraints on 
possible effects. As such, they are especially useful in devel-
oping detailed hypotheses relevant to the existing landscape 
for subsequent testing under more rigorous conditions. While 
these experiments have not been designed to have the inferen-
tial power to reject hypotheses with any degree of statistical 
significance, they are intended to provide useful knowledge 
for management decisions.

Conclusion
The overall objective of the chapters in this volume is to 

provide scientific information that will be useful in adaptive 
management of Lower Missouri River rehabilitation projects. 
Adaptive management recognizes the important role of science 
in iteratively refining understanding and decreasing manage-
ment uncertainties (for example, NRC, 2003). Science is most 
effective in resource management when it is demonstrably 
relevant, comes from authoritative sources, and comes from 
trusted institutions. These are the characteristics of salience, 
credibility, and legitimacy recognized in sustainable develop-
ment theory (Cash and others, 2003). 

Adaptive management projects also provide important 
opportunities for scientists to explore new ideas at landscape 
scales, to demonstrate the relevance of those ideas to manage-
ment issues, and to communicate ideas to a broad audience. 
Under the best adaptive management scenario, substantial 
benefits will accrue to both scientists and managers. Hope-
fully, this report will achieve the goals of saliency, credibility, 
and legitimacy of science, and as such, it will contribute to the 
continued involvement of science in adaptive management of 
rehabilitation projects on the Lower Missouri River. 

Figure �. Conceptual model of how water levels, hydrologic gradients, and tree-growth rates might be expected to 
vary with deepening of the chute at Overton Bottoms North.
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Chapter 2
Surficial Alluvium and Topography of the Overton Bottoms 
North Unit, Big Muddy National Fish and Wildlife Refuge 
in the Missouri River Valley and its Potential Influence on 
Environmental Management
John Holbrook1, Greg Kliem1, Chima Nzewunwah2, Zane Jobe1, and Ron Goble3

Abstract 
We mapped surficial sediments in the Overton Bottoms 

North Unit of the Big Muddy National Fish and Wildlife 
Refuge in Missouri using allostratigraphic techniques. This 
entailed identification of surficial features indicative of sedi-
mentary allounits from remote-sensed data, then testing these 
predicted units by drilling for anticipated sediments. From the 
mapping we concluded that Overton Bottoms is character-
ized by numerous cross-cutting meander-loop allounits. Each 
meander-loop allounit contains a channel-fill unit and a point-
bar unit, and most are dissected by numerous chute-channel-
fill units.  

Surficial mapping of flood-plain deposits in the Missouri 
River Valley provides insights into channel history, and has 
implications for management of environmental resources. The 
deposits of the Missouri River in the Overton Bottoms area 
record deposition from a low-sinuosity meandering system 
which was prone to development of numerous side-channel 
chutes. These side-channel chutes commonly enclosed islands, 
giving the channel an appearance similar to that recorded in 
late 19th century maps. Further, the distribution of channel-fill 
and point-bar units has a potentially strong effect on interac-
tion of surface and ground water. Channel fills are character-
ized by up to 7 m (meters) of fine-grained low-permeability 
strata which can provide a substantial barrier to infiltration of 
surface water. The thinner and more permeable section of fine-
grained deposits that tends to cap point-bar units is more con-
ducive to communication of surface and ground waters. The 
areas above channel-fill units are thus better candidates for 
natural and engineered wetlands and are more likely to support 

standing water needed for wetland biota. The point-bar units 
will be more prone to rapid infiltration of surface waters, and 
will tend toward comparatively xeric species.   

Introduction
The surficial alluvium of the Missouri River Valley in 

Overton Bottoms forms the foundation for the physical and the 
biological aspects of the flood-plain ecosystem. It determines 
the parent material within which soils form, determines the 
moisture retention and infiltration capacity of that soil, deter-
mines the local potential and rate of surface- and ground-water 
interaction, and provides the medium through which shallow 
ground water flows. Through these physical controls, surficial 
alluvium serves as an important control on habitat distribu-
tions.

The surficial alluvium is formed from the long-term 
channel and flood-plain processes of the Missouri River, and 
is thus a partial record of landforms generated and destroyed 
as the channel migrated across its valley. In this respect, the 
alluvium and the topography of the flood plain are closely 
related. Together, the alluvium and topography of the flood 
plain provide a record of recent river form and processes.

This study examines the surficial flood-plain stratigra-
phy of the Overton Bottoms North Unit of the Big Muddy 
National Fish and Wildlife Refuge (fig. 1) and evaluates its 
effects on biotic and physical processes at and just beneath the 
flood-plain surface. This chapter addresses three key ques-
tions: What is the distribution of surficial materials within the 
Overton Bottoms North Unit and what is its relationship to 
flood-plain topography? What channel processes controlled 
this distribution? What potential effects can surficial alluvium 
and topography impose upon present-day ecosystems and land 
management? 

1 University of Texas at Arlington, Arlington, Texas

2 University of Texas, El Paso, Texas

3 University of Nebraska, Lincoln, Nebraska
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The Missouri Valley and its Alluvium 
 
The Bedrock Valley   

In Kansas and Missouri, the Missouri River Valley is 
incised through a series of mixed carbonate and siliciclastic 
bedrock formations of late Paleozoic age. In the Overton Bot-
toms area, bedrock is dominantly Mississippian limestone. 
The bedrock valley floor is reported to reach maximum depths 
of 30–36.5 m beneath the flood-plain surface (Emmett and 
Jeffery, 1969). 

The modern drainage of the Missouri River formed as 
continental ice sheets diverted north and east-flowing streams 
in Montana, the Dakotas, Kansas, Iowa and Missouri, allowing 
them to be captured by the south- and south-easterly flowing 
melt water system along the glacial ice front (Bluemle, 1972; 
Prather and others, 1998; Galloway, 2005). The present-day 
bedrock valley in the Overton Bottoms area is assumed to 
be at the position of an ice-front channel that drained the 
melt water from repeated southward-advancing Pleistocene 
ice sheets (Heim and Howe, 1963). Prior to the Pleistocene, 

a smaller channel with headwaters in western Missouri and 
eastern Kansas is thought to have passed eastward through 
this valley toward the modern St. Louis area (Heim and Howe, 
1963). Detailed information on the early bedrock valley in the 
Overton Bottoms reach does not exist, but records of time and 
location of sediment input into the Gulf of Mexico suggest that 
the Missouri River likely coursed through this reach through-
out Pleistocene time (Prather and others, 1998; Galloway, 
2005).

The Alluvial Valley Fill

The surficial alluvium described over most of the Lower 
Missouri River Valley consists of medium-sand to clay-sized 
sediments of Holocene age, deposited over coarser sand and 
gravel deposits (Kelly and Blevins, 1995; Emmett and Jeffery, 
1969). These coarser sand and gravel deposits are presumed 
to be accumulated outwash strata (Dahl, 1961), although no 
dates exist to confirm this through the Missouri segments of 
the river. Indirect evidence, however, supports this assertion. 
Sheets of Pleistocene wind-blown loess, presumed to have 
been derived from outwash deposits, flank the Missouri River 

Figure 1. The modern Missouri River in the Overton Bottoms area is superimposed on an historic map of the pre-modification 
channel.  (Modified after:  Missouri River Commission, 1894)
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Valley throughout Missouri, and are cited as indirect evidence 
that Pleistocene outwash once passed through the valley 
locally (Ruhe, 1983; Grimley, 2000; Forman and Pierson, 
2002). Furthermore, the first confirmed channel deposits of 
Pleistocene age were recently mapped roughly 200 km (kilo-
meters) upstream near the town of Carrollton, Missouri (Dolde 
and others, in press; Main and others, 2005). In addition, fine 
alluvium that is capped by Peoria Loess (Bretz, 1965) and car-
bon dated at approximately 25 ka (thousands of years before 
present; Nzewunwah, 2003) are recognized in the valley near 
Malta Bend, Missouri, and are presumed to record some form 
of Pleistocene slackwater deposition within the valley (Bretz, 
1965; Nzewunwah, 2003). Together, these confirm that large 
Pleistocene rivers did pass down the valley and that their 
deposits have been preserved in places at the surface. This 
supports the assumption that Pleistocene outwash deposits 
exist beneath surficial Holocene sediments. 

Holocene sediments dominate the surficial strata within 
the valley, indicating that river migration has been effective in 
eroding or covering most of the surficial Pleistocene deposits 
in most areas. The complete thickness of the Holocene section 
is unknown in most parts of the Missouri River Valley. The 
Holocene section, however, is at least 10 m thick, based on the 
maximum recorded depth of surficial channel fills (Amadi, 
2004). 

Surficial Holocene strata record a history of transition 
from a meandering river to what has traditionally been referred 
to as an island-braided river in a 50 km alluvial reach between 
Lexington, Missouri and Miami Station, Missouri, approxi-
mately 200 km upstream of Overton Bottoms (Nzewunwah, 
2003; Amadi, 2004; Holbrook and others, 2005). Deposits 
between approximately 3.5 ka and at least 5.0 ka within this 
alluvial part of the valley were deposited within a single-
channel high-sinuosity meandering river system (Holbrook 
and others, 2005). Starting somewhat abruptly at 3.5 ka, 
the river here began to take on a more island-rich form. By 
approximately 1.5 ka, the river had adapted the dominantly 
island-braided appearance known to be typical of the historic 
pre-modification channel (fig. 1). Variation of the channel pat-
terns over time in narrow, bedrock-confined reaches like that 
at Overton Bottoms is unknown, and is the subject of current 
research.

Methods
We mapped surficial strata in the Overton Bottoms during 

two field seasons using allostratigraphic techniques. Allos-
tratigraphy defines allounits (map units) based on recognition 
and delineation of their bounding discontinuities (for example, 
erosional contacts, or traceable soil horizons; NACSN, 1983; 
Jacobson and others, 2003). Examples of discontinuity-bound 
sedimentary bodies that may be mapped as allostratigraphic 
units include: ox-bow lake/channel fills, point-bar fills, natural 
levees, levee splays, buried alluvial deposits from a previous 

stage of river history, deposits underlying terraces, and a com-
bination of such allounits.  

The first step in the mapping procedure entails observa-
tion of topographic maps, aerial photographs, digital elevation 
models, satellite imagery, and existing soil maps for recogni-
tion of landforms characteristic of likely depositional units and 
landform affinities. Basic assumptions of depositional style 
derived from these observations are used in conjunction with 
established sedimentary architectural models to identify likely 
allostratigraphic mapping units within the valley alluvium. 
Construction of a series of “hypothesis maps” of allostrati-
graphic units follows based on the sedimentary models and 
landforms.

The architectural model used to define allounits in the 
Missouri River Valley bottom is based on Miall, 1996. Miall 
defines a series of seven discontinuity-bound allounits that 
make up the depositional elements of fluvial flood plains. 
These units are defined by their geometry and their fill, and 
include: channel fills, lateral-accretion elements, downstream 
macroforms, overbank fines, gravity flows, sandy bedforms, 
and laminated sand sheets. The most common features mappa-
ble at the 1:24,000 scale in the flood plain of a large meander-
ing-to-braided system, such as the Missouri River, are channel 
fills, point-bar units that were deposited by lateral accretion, 
and overbank fine sediments. These units are illustrated and 
described in figure 2. Overbank fines were only distinguished 
from underlying deposits where they were consistently over 2 
m thick or where splays were identified from the topography. 
In cases where overbank fine-sediment thickness was less than 
2 m, fine sediments were not mapped separately, but were 
included with the underlying allounit. Adjacent channel-fill 
and point-bar allounits were commonly grouped into a single 
meander-loop allounit. A meander-loop allounit consists of the 
point-bar allounit combined with the channel fill of the outer 
bend of the point bar, and smaller channel fills which incise 
into the top of the point bar. 

The next step in surficial mapping was to test landform-
based hypotheses by sampling and describing sediments in 
drill holes. Allounits defined on hypothesis maps typically 
imply characteristic grain-size distributions and sedimentary 
origin. For instance, an arc-shaped swale is usually inferred 
to be an abandoned channel which is nearly filled. The fill is 
expected to have a fine-grain-size distribution dominated by 
silt- and clay-sized grains (fig. 2). If drilling confirms this pre-
diction, the abandoned-channel-fill hypothesis is supported.  If 
not, it is falsified and a new hypothesis is required. Continued 
hypothesis testing eventually results in a unique solution that 
is prepared as a final map of allounit distribution and grain-
size characteristics.

Mapping during the first season focused on developing a 
general 1:24,000-scale map for the entire Rocheport 7.5’ quad-
rangle (Nzewunwah and others, 2004; fig. 3). Aerial photo-
graphs were used with digital elevation models to assess areas 
consistent with allounit definitions. These map units were 
each tested by drilling using hand augers. Drilling samples 
were logged at 10 cm (centimeters) intervals and described for 
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Figure 2. Architecture of the Lower Missouri River Valley 
bottom, after Miall (1996).  Meander loops are formed by lateral 
migration of point bars and smaller lateral bars that are attached 
to the channel boundary on the inside of meander loops.  Lateral 
migration occurs in stages, producing a series of lateral-accretion 
surfaces.  Ridges and swales on point bars occur approximately 
parallel to the channel, and likely result from a combination of 
processes, including flow separation accompanying lateral 
migration during individual floods, preferential deposition in 
vegetation bands (McKenney and others, 1995), and erosion in 
overflow channels or chutes.  Point bars tend to decrease in grain 
size upward from sand to fine gravel at the base to silt and clay 
at the top because shear stress of the flow decreases up the 
lateral accretion surface on which the bar grows.  As banks are 
topped by floodwaters, the coarsest part of the suspended load 
is deposited along the channel margins forming natural levees, 
and the finer part of the suspended load is deposited more evenly 
across the point bars as clay-rich overbank mud veneers.  Sand-
rich parts of point bars are typically veneered by both silt-rich 
natural levee and clay-rich overbank deposits.  Periodically, flood 
waters locally breach the natural levee (or engineered levees), 
and suspended load and bed load sediments will escape the 
channel and spread out onto the adjacent point bars to form a 
delta-type deposit known as a crevasse splay.  Point bars are 
typically terminated on their outer bend against a channel-fill 

allounit, and are defined on their inner side by a sharp surface 
that truncates other deposits and marks a change in ridge-and-
swale trend.  Channel fills record sedimentation in channels that 
have been abandoned from the active flow by local meander-bend 
cut off, or shifting of the entire channel to a new location on the 
flood plain (avulsion).  Channels will be cut off or avulse because 
a new location provides a steeper and more favorable course for 
channel flow.  Flow is strongest in the abandoned channel during 
the early parts of the abandonment phase.  Channel fills are thus 
generally floored with the coarse material typical of the bed load 
normally carried by the active river.  If the channel is abandoned 
abruptly, and active flow does not return, the remainder of the 
channel will fill with clay and silt deposits in an ox-bow lake 
setting.  If the channel is periodically reoccupied by the main 
channel, fill may be of any grain size carried by the river, and will 
alternate in grain size in direct proportion to flow strength during 
reoccupation.  Channel fills are recognized as long arcuate-to-
straight swales with widths equal to or less than the forming 
channel.  Channels with dimensions substantially less than the 
full size of the modern Missouri River, as well as contemporary 
channel fills, are identified as chute channels.  Apparent channels 
which follow ridge-and-swale topography, but are no wider than 
other swales, or include only silt and clay fill, are considered to be 
overbank-swale fills rather than channels.   
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N

EXPLANATION

Base from U.S. Geological Survey digital data 1:100,000 
1990 Universal Transverse Mercator projection, Zone 15 

grain size (as soil-textural class; Soil Survey Division Staff, 
1993), color, oxide and salt content, and organic components. 
Field work during the second season was performed as a class 
project at the University of Texas at Arlington, and entailed 
construction of a detailed surficial geologic map and two cross 
sections depicting allounits through the central part of the 
Overton Bottoms North Unit area (figs. 4–6). Cross sections 
were constructed from 36 hand-auger drill holes, and were 
used as the basis for refining the surficial map of the prior 
year. The cross sections were oriented to provide information 
useful to coordinated ground-water and vegetation studies.

Four sand samples were collected during the second year 
for optically stimulated luminescence (OSL) dating (figs. 4–6). 
We collected each sample from fine sand layers in the upper 
part of point-bar allounits using a Missouri sampler, a device 

Figure 3. Surficial deposits in the Rocheport, Missouri 7.5’ quadrangle.  Blue linear features 
record channel-fill allounits, and green records point-bar allounits.  Dark outlines define 
meander-loop allounits. (Nzewunwah and others, 2004)

specifically designed for collecting OSL samples from drill 
holes within the Missouri River Valley. The Missouri sampler 
attaches to the bottom of the Dutch auger system, and employs 
a check-valve system to retain saturated sand samples within 
an attached opaque PVC pipe, which is driven into and then 
extracted from the sediment at the bottom of the auger hole.  

OSL samples were processed at the University of 
Nebraska Luminescence Geochronology facility. Sample 
preparation was carried out under amber-light conditions. 
Samples were wet sieved to extract the 90–150 µm (microm-
eter) fraction, and then treated with acid to remove carbonates. 
Quartz and feldspar grains were extracted by flotation and 
treated again with acid. Samples were then resieved and the 
<90 µm fraction discarded to remove residual feldspar grains. 
The remaining etched quartz grains were mounted on 1 cm 

AREA OF FIGURE 4
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aluminum disks for analysis. Chemical analyses were carried 
out by Chemex Labs, Inc., Sparks, NV, using a combina-
tion of Inductively Coupled Plasma Mass Spectrometry and 
Inductively Coupled Plasma Atomic Emission Spectrometry. 
Dose-rates were calculated using the method of Aitken (1998) 
and Adamiec and Aitken (1998). The cosmic contribution to 
the dose-rate was determined using the techniques of Prescott 
and Hutton (1994).

OSL analyses were carried out on a Riso Automated OSL 
Dating System Model TL/OSL-DA-15B/C,1 equipped with 
blue and infrared diodes, using the Single Aliquot Regenera-
tive Dose technique (Murray and Wintle, 2000). A preheat of 
240oC for 10 seconds was used, with a cutheat of 160oC, based 
upon a preheat plateau test between 180 and 280oC on calibra-

Figure �. Overton Bottoms North Unit.  Blue linear units are channel-fill allounits, and green 
units are point-bar allounits.  Dark lines outline meander-loop allounits.  Dots on the map are 
locations of boreholes used for this study.  The location of cross sections A–A’ and B–B’ are 
indicated on the map by the equivalent trend of borehole locations.

tion sample UNL988 (table 1). A dose-recovery test (Murray 
and Wintle, 2003) on another sample (UNL985) recovered 
2.49±0.06 Gray (Gy, a measure of optical dose, or 1 J/kg, 
joules per kilogram) from an applied dose of 2.52 Gy. Thermal 
transfer for the same sample was 0.04±0.03 Gy. Examination 
of the growth curves for the samples showed the samples to be 
well below saturation. Optical ages were based upon a mini-
mum of 20 aliquots. Individual aliquots were monitored for 
quality control and those deemed unacceptable were discarded 
from the data set prior to averaging.

Base from U.S. Geological Survey digital data 1:100,000 
1990 Universal Transverse Mercator projection, Zone 15 

1 Any use of trade, product, or firm names is for descriptive purposes only and 
does not imply endorsement by the U.S. Government. 
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Results
The generalized map (fig. 3) shows approximately 21 

meander-loop allounits. Each meander loop is defined on the 
outside arc by a channel-fill allounit that wraps around a single 
point-bar allounit. The point-bar allounit typically has multiple 
smaller channel-fill allounits within it. These units represent 
fill in side-channel chutes or over-flow channels on point-bar 
swales. Channel-fill allounits within a point-bar allounit are 
typically oriented parallel to one another, but at angles to those 
in adjacent meander loops.  

The detailed map and cross sections of Overton Bottoms 
North offer a higher-resolution view of the surficial stratigra-
phy of the area (figs. 4–6). The thickest channel-fill allounits 
within any meander loop are those defining the outer arc of the 
loop. These may be up to 7 m thick, but are usually less than 5 
m. Channel fills crossing the point bar are generally thinner (< 
4 m), and incise the underlying point-bar surface. Channel fills 
tend to comprise mixtures of fine-grained sediments, grading 
from loam to loamy sand at the base, to clay to silt loam in the 
upper parts. Most channel-fill allounits also include a defin-
able stratigraphy with layers of contrasting and alternating 
grain sizes (figs. 5–7). In contrast to chute-channel fills, swale-
fills are substantially thinner (< 1.5 m), and drape point bars 
without local incision. In many cases swale-fills grade laterally 
into clayey, overbank units that cap point bars.  

Point-bar allounits are floored by well-sorted to slightly 
loamy cross-bedded fine sand (fig. 8). These units are thicker 
than our ability to auger and the total depth of the units is 
unknown. Point-bar allounits typically grade upward into loam 
and silt loam layers that are usually between 1–2 m thick. Silty 
layers are commonly capped abruptly by mud veneers com-
posed of clay and silty clay, or layers with highly mixed tex-
tures. Thickness of these capping units is highly variable, but 
is typically less than 2 m, and is mostly less than 1 m. These 
units constitute overbank, fine deposits which were combined 
with point-bar allounits for mapping purposes, as they gener-
ally are of insufficient thickness and extent to warrant map-
ping as a separate allounits. A large splay deposit is grouped 
with overbank fines and is indicated by a stippled pattern on 
the map (fig. 4). The splay is well defined topographically 
and the sandy sediment associated with it is apparent in cores, 

however it has been mixed with finer sediment, apparently 
through deep plowing, and does not have clearly definable 
stratigraphic contacts with underlying sediments.  

The detailed cross section A–A’ (fig. 5) is on the south 
and west side of the recently excavated side-channel chute, 
and crosses two meander-loop allounits. The meander loop 
closest to the valley wall is dated at 1.4 + 0.22 ka based on an 
OSL date from sand collected on the oldest preserved point-
bar remnants beneath the truncating channel of a younger loop 
at 5 m depth in borehole 62 (table 1). The channel-fill allounit 
bounding this meander loop is up to 7 m thick (boreholes 
59–60); it is composed mostly of loam and silt-loam sediment, 
with a 1 m thick unit at the base composed mostly of loam to 
sandy loam.  

Moving toward the present-day channel, the next mean-
der loop is bounded by a channel-fill allounit that is as much 
as 6 m thick (boreholes 62–67). This channel-fill allounit is 
dominantly loamy sediment, similar to the channel in bore-
holes 59–60, but it has a distinct clay unit between the loamy 
and sandy sediment (boreholes 62 and 63). This channel fill 
is separated on the surface from an adjacent and large chute-
channel fill (boreholes 70–72) by a segment of point-bar 
allounit (boreholes 68, 84, and 69; fig. 5). The chute-channel 
fill is only 4 m thick; it is dominated by clay and silty clay 
sediment, and merges upstream and downstream with the 
larger channel fill penetrated by boreholes 62 and 63 (fig. 4). 
The point-bar allounit is crossed diagonally by two narrow 
chute channels (fig. 5) of no more than 4 m thickness each 
that are dominated by sandy-loam sediments. The youngest 
part of this meander loop is dated in boreholes 64 and 66 at 
1.13 + 0.16 ka and 1.3 + 0.18 ka, respectively (fig. 5, table 1).  
The oldest part of this point bar is dated in borehole 82 within 
cross section B–B’ at 1.47 + 0.18 ka (fig. 6, table 1). The 
point-bar allounits in both meander loops are capped by < 2 
m of fine-grained silt-loam-to-clay overbank sediment. These 
capping sediments are stratified and include a layer of clay to 
silty clay overlain by a layer of highly mixed strata with vari-
able grain size. A topmost muddy unit above this mixed layer, 
which is not sufficiently thick to be distinguished on this cross 
section, overlies agriculturally disturbed soil horizons, and is 
probably overbank sediment from floods since 1993.  

Univ. of Nebraska 
Lincoln lab 

number

Univ. of Texas
Arlington 

field number

Burial 
depth

(m)

H2O*  
content 

(%)

K2O 
content  

(%)

U 
content
(ppm)

Th 
content
(ppm) 

Cosmic 
dose
(Gy)

Dose 
rate

(Gy/ka)

Equivalent 
dose 
(Gy)

Recup-
eration  

(%)
Age 

(ka +  2 s.d.)

UNL985 MOV OB-62 5.0 20.1 1.70 1.1 4.7 0.11 1.72±0.09 2.47±0.11 8.6 1.44±0.11

UNL986 MOV OB-64 3.7 13.0 1.87 1.3 5.2 0.13 2.06±0.09 2.67±0.11 7.5 1.30±0.09

UNL987 MOV OB-66 3.5 7.3 1.99 1.2 4.7 0.14 2.23±0.09 2.59±0.10 7.0 1.13±0.08

UNL988 MOV OB-82 3.7 6.5 1.82 1.1 4.3 0.13 2.06±0.08 3.02±0.11 4.4 1.47±0.09

Table 1. Optically stimulated luminescence results from Overton Bottoms North Unit. 

[m, meters; %, percent; ppm, parts per million; Gy, optical dose in grays; ka, thousands of years; s.d., standard deviation]

* In-place moisture content
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Cross section B–B’ crosses the excavated side-chan-
nel chute and continues north and east across the island that 
was formed by chute excavation (figs. 4, 6). The excavated 
side-channel chute roughly follows a 6–7 m thick channel-
fill allounit that marks the outer boundary of a meander loop.  
This channel-fill unit (boreholes 58 and 83) has a complex 
layered fill of clay- and loam-dominated sediment, and is con-
tiguous with two smaller branching chute channels (boreholes 
55 and 57) that cross the island. Observations in the chute 
walls indicate that over most of its length, the side-channel 
chute was excavated through the channel-fill sediments into 
underlying fine-to-medium point-bar sand.  The two smaller 
contiguous chute-channel units are approximately 3–4 m thick, 
respectively, and coarsen downward from loam to loamy sand. 
The unit in borehole 57 also has a prominent clay layer.

Another channel-fill allounit is prominent on the north-
west margin of the island (boreholes 50 and 51). This chan-
nel-fill unit is visible in cross section at the western end of 
the wall of the excavated chute (fig. 7). In the boreholes, this 
channel is filled by loam, but in the chute cross section it is 
seen to contain large amounts of silt- and clay-size sediment, 

illustrating the amount of spatial variability that can be seen 
within channel-fill allounits.  

Point-bar allounits on B–B’ have slightly different stratig-
raphy than those on cross section A–A’. The clay-rich over-
bank and the splay stratum capping point bars in cross section 
A–A’ are absent from B–B’. The meander loops in cross 
section B–B’ also cross cut the meander loops in cross section 
A–A’, and are therefore stratigraphically younger. Presence of 
pile dikes that were buried in these strata and exposed during 
2003 chute excavation support the idea that deposition of the 
sediments shown in section B–B’ was still in process during 
channel modification of the early 1900’s.

Some additional relations are apparent from these cross 
sections. The depth to generally well-sorted and permeable 
sand is highly variable across cross sections A–A’ and B–B’. 
Up to 7 m of fine-grained strata may be encountered in chan-
nel fills, but well-sorted sand is found generally about 2 m 
or less above point bars. Further, some relationship between 
topography and allounit is apparent. Cross section A–A’ was 
constructed near the access road, where some topographic 
highs have been beveled by road construction activities. The 

Figure �. The cross section A–A’ indicates channel-fill, point-bar, and meander-loop allounits mapped, and the grain-size and 
depositional environments which comprise these allounits.  Mixed splay and underlying deposits are indicated with a stippled 
pattern that overlaps other unit designations.  Splay deposits were not always clearly demarcated by contacts with underlying fine 
sediment, although particle size and topography indicated their presence.  Sandy splay deposits from multiple deposition events 
were probably mixed with underlying sediments by agricultural plowing.
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Figure �. The cross section B–B’ indicates channel-fill, point-bar, and meander-loop allounits mapped, and the grain-size and 
depositional environments which comprise these allounits.  

dotted profile on this cross section illustrates the trend of 
topography away from the road where the topography is more 
intact. This profile and the accompanying map illustrate a very 
subtle coincidence between channel-fill allounits and lower 
topography.  

Depositional Model for Surficial Strata

The surficial alluvium maps and cross sections at Overton 
Bottoms North provide insight into a general depositional 
model for this part of the Lower Missouri River Valley. 
Meander loops record point-bar growth and lateral shift of the 
channel, and thereby provide fundamental insight into river 
mechanics. Compared to surficial geology of the Lower Mis-
sissippi River Valley (for example, Fisk, 1944), Missouri River 
meander loops have lower amplitudes, are less sinuous, and 
are dominated by channel fills with coarser sediment. Missis-
sippi River meander loops more typically migrated until they 
reached a threshold amplitude, after which the channel would 

cut across the flood plain to leave an ox-bow lake that would 
fill with clayey sediment.  In contrast, meander-loop geometry 
of the Missouri River indicates that old channels mostly were 
abandoned gradually as new channels were formed by sub-
parallel chutes. This process permitted weakened flow to be 
maintained through old channels as flow was steadily lost to a 
newly forming chute. The fill of gradually abandoned chan-
nels is thus a mixture of grain sizes, reflecting the intermit-
tent flows. Local thick clay deposits (e.g., borehole 62 and 
63, cross section A–A’) record intervals where a channel was 
temporarily blocked at the neck, and filling occurred in waters 
that remained still for extended periods. Channels dominantly 
filled by such “still water” conditions are rare and were only 
confirmed at two locations on the Rocheport quadrangle (fig. 3).  

Dissection of point-bar allounits with numerous chute-
channel-fill allounits (figs. 3, 4) indicate that a multi-channel 
river with many islands existed during most of the time repre-
sented by deposition of these sediments (1.47 ka). No substan-
tial evidence for large in-channel bar formation typical of true 
braided rivers was found. Apparent islands record segments 
of previously developed point bars isolated between chute and 
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main channels. The system in the Overton area would thus not 
be a true island-braided system, but would better be character-
ized as a meandering system with abundant islands developed 
by side-channel chute initiation. This multi-channel form 
persisted up to historical documentation in the 1800’s (fig. 1). 
Flood-plain strata upstream near Carrollton, Missouri reveal 
a similar multi-channel form at that location that dates back 
to about 1.5 ka (Holbrook and others, 2005). However, older 
surficial alluvial deposits near Carrollton reveal varying domi-
nance of a single-thread channel form prior to 1.5 ka. Whether 
the river near Overton Bottoms had a single-thread pattern 
prior to 1.5 ka as well cannot be resolved because previous 
alluvial deposits have been eroded.

Point-bar units at Overton Bottoms North fine upward 
from fine-to-medium, clean, cross-bedded sand to loamy fine 
sand, and are covered in most places by a thin veneer of clay 
to silty clay of variable thickness (typically < 1.5 m). The 
sandy part of the fining-upward succession records active bar 
growth on the inside channel bend during channel migration 
(fig. 8). The silty interval at the top of the point-bar deposits 
sits directly atop this point-bar succession and records levee 
and overbank deposition coeval with point-bar growth. The 
mud veneers which cover these deposits in cross section 
A–A’ were deposited later during overbank flooding events. It 
appears that the younger, mostly historical-age strata in B–B’ 
have not experienced the extent of overbank flooding recorded 

by the layer of mud veneer above silty levee deposits in A–A’. 
This likely reflects the younger age and shorter flood history 
of point-bar deposits in B–B’.  

The stippled unit labeled as splay sand on top of A–A’ 
conforms with topographic expression of a large splay form, 
and overlaps with areas of known sand-splay deposition that 
resulted from the 1993 flood. Cross section boreholes did 
not reveal distinct contacts of sand units on overbank fines, 
however. This observation suggests that episodically deposited 
splay sand has probably been mixed with underlying fine sedi-
ment in overbank and channel-fill deposits by deep agricul-
tural plowing.  

Implications of Surficial Mapping for 
Environmental Management

Previous studies have described the surficial alluvium of 
the Missouri River Valley simply as 6–9 m of fine “top stra-
tum” overlying as much as 25 m of sandy and gravelly bottom 
stratum (Emmett and Jeffery 1969; Kelly and Blevins, 1995). 
Our study served to differentiate units within the surficial allu-
vium at a finer scale of resolution. The top stratum definition 
includes channel-fill allounits and the upper levee, overbank, 
and splay parts of point-bar allounits of this study. The lower 

Figure �. Cross section of a typical channel fill.  This cross section was cut at the west end of the 
excavated chute channel and records the channel drilled in boreholes 50 and 51, cross section B–B’. 
Height of the bank is about 4 m. 
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sandy parts of our point-bar allounits are part of the underly-
ing coarse “bottom stratum,” much of which is assumed to be 
Pleistocene outwash. The coarse and permeable bottom stra-
tum deposits form the alluvial aquifer deposit of the Missouri 
River Valley.  

The thickness of the top stratum is highly variable, and 
determined by local presence of point-bar or channel-fill 
allounits. Point bars have much thinner top-stratum caps 
whereas channel-fill allounits can be as much as 9 m thick.  
Where the top stratum forms a sufficient permeability barrier, 
and the water table impinges on its base, these finer units have 
the potential to confine the water table.  

Areas where this top-stratum is more permeable will 
be areas where the alluvial aquifer can be recharged directly 
from the flood-plain surface. Conversely, the ability of the top 
stratum to slow infiltration will determine the capacity of the 
flood plain to retain water on the surface. The capacity of the 
top stratum to inhibit infiltration is largely controlled by its 
thickness and texture, which is in turn controlled by allounit 
distribution.

Generally, channel-fill allounits will be better at retaining 
surface water than point-bar units. Channel fills are thick accu-
mulations of mostly low-permeability deposits; they are thick 
enough that they are unlikely to develop secondary perme-
ability from desiccation cracks or animal burrows that could 
connect to the underlying sand deposits. In addition channel 
fills tend to occur in topographic depressions and have internal 
bedding that is concave up, thereby increasing their ability to 
pond water (figs. 5–7).

In comparison, point-bar allounits comprise mostly 
permeable sand, and have thinner deposits of low-permeabil-
ity top stratum. Some of these point-bar units are capped by 
relatively impermeable mud-rich overbank deposits, but others 
are capped only by silty levee deposits that may not impede 
infiltration. Thin overbank mud deposits capping point-bar 
deposits may be breached by desiccation cracks or bioturba-
tion processes, however, and so may not always provide the 
infiltration barrier expected. Mud drapes can be expected to 
form on point-bar accretion surfaces during slower flows that 
follow major flooding events (figs. 2, 8). Such mud drapes, 
however, will tend to be of local occurrence and their con-
cave down orientation may not provide an effective barrier to 
infiltration. Point-bar units therefore are areas of enhanced 
recharge to the alluvial aquifer, especially where the overlying 
top stratum is thin, and the water table is not at the surface. 
Such areas do not have high potential for engineered wetlands, 
and they present opportunities for enhanced contamination of 
the aquifer in the event of chemical spills.

Because of their topographic position and low permeabil-
ity, channel-fill allounits have high potential for natural wet-
lands and would provide good opportunities for construction 
of engineered wetlands. Channel-fill units tend to occupy low 
areas on the flood plain inherited from their origin as channels. 
Thick sections of impermeable deposits within channel fills 

Figure �. Point bar deposits exposed in excavated chute 
beneath strata of the channel fill drilled in boreholes 58 and 83, 
cross section B–B’.  The section is of well sorted, planar cross-
bedded sand, except for one thick clay drape in the lower part of 
the section.  The location of the picture is approximately where 
cross section A–A’ would intersect the excavated chute, if A–A’ 
were extended toward the excavated chute.

can slow infiltration sufficiently to support ponding of surface 
water. 

Flood-plain biota can be highly affected by surficial geol-
ogy and its influences on distributions of water and nutrients.  
Because sediments in Overton Bottoms are extremely young 
(<1.5 ka), the texture, pH, and nutrient content of the soil will 
be strongly determined by the distribution of sediment parent 
material. Distribution of plants with strong affinities for spe-
cific soil conditions may therefore be controlled by the distri-
bution of allounits. Perhaps more important, allounit distribu-
tion can have a strong effect on biota distribution through the 
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effects on surficial water retention (for example, see Faust and 
others, this volume, chapter 5). Clearly, channel-fill allounits 
would be expected to retain water and enhance conditions 
for wetland plant species whereas point-bar allounits would 
be more conducive to comparatively xeric species. By exten-
sion, animals that depend on wetland habitats would also be 
expected to be associated with channel-fill units. The surficial 
geology thus strongly defines the mosaic of flood-plain habitat 
characteristics.

Understanding of surficial geology may also provide 
improved guidance for design of off-channel aquatic habitat 
rehabilitation projects. Channel-fill allounits indicate areas 
where the active river once flowed as a side-channel chute 
or main channel. As such, they can serve as natural design 
templates for new channel excavation. A three-dimensional 
view of channel-fill geometry would also be useful in design 
to either minimize or maximize ground-water connection. For 
example, the recently excavated side-channel chute at Over-
ton Bottoms North Unit is excavated locally through the prior 
channel fill and into an underlying point-bar allounit, thereby 
potentially enhancing ground-water exchange between the 
chute and alluvial aquifer. Closer adherence to the thalweg of 
the old chute could have minimized connection with ground-
water if this were desired. Excavation into the easily erodible 
sand, however, should also enhance widening and channel 
migration.
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Chapter 3
Hydrologic Interactions Among Rainfall, Side-Channel 
Chutes, the Missouri River, and Ground Water at  
Overton Bottoms North, Missouri, 1���-200�
By Brian P. Kelly

Abstract
In 2000, the U.S. Army Corps of Engineers (USACE) 

constructed a side-channel chute at Overton Bottoms North, 
near Overton, Missouri, to provide shallow water habitat in 
the Missouri River for native fish. The U.S. Geological Survey 
collected hydrologic data between 1998 and 2000 before chute 
construction; between 2001 and 2002 after construction of the 
first-generation chute; and between 2003 and 2004 after con-
struction of a wider and deeper second-generation chute.

Rainfall during the study had little effect on ground water 
altitudes. Water flow in the first-generation chute occurred 
less frequently than in the second-generation chute. Depth to 
ground water was least for pre-chute conditions, greater for 
first-generation-chute conditions, and greatest for second-gen-
eration-chute conditions at most wells. Ground-water response 
depended on topography and distance from the chute or 
river. The median difference between ground-water and river 
altitude from pre-chute to second-generation-chute conditions 
at a low-lying wetland area near the chute increased 0.09 m 
(meter), but decreased -0.61 m, -0.89 m, and -0.49 m at three 
areas of higher land-surface altitudes, indicating lowering of 
the ground-water altitude relative to the river. 

Chute construction breached the levee at the chute inlet 
and outlet, allowed more frequent inundation of the area at a 
lower river stage, allowed more frequent surface recharge to 
the aquifer from flood inundation in low-lying areas, added 
another river channel in the study area more inland from the 
main river channel, decreased the difference between ground-
water and river altitude from pre-chute to second-generation-
chute conditions, increased the effect of river altitude changes 
on ground-water altitude, and increased ground-water altitude 
variability. During low river stages, lack of inundation and a 
lower ground-water altitude will decrease water available to 
wetlands. During high river stages more frequent flooding and 
recharge of the aquifer through the chute banks will increase 
water available to wetlands. Therefore, chute construction at 
Overton Bottoms North will make wetlands drier during low 
river stage and wetter during high river stage.

Introduction
Historically, the Lower Missouri River flood plain 

contained oxbow lakes, seasonally flooded wetlands, and 
wooded sloughs. These wetlands were continually created 
and destroyed by the unregulated meandering and flooding of 
the Missouri River. Channelization and flood-control projects 
have stabilized and narrowed the river, making the creation 
of new wetlands rare, thereby reducing flood-plain habitat 
for fish and wildlife (Funk and Robinson, 1974). In addition, 
levees and a series of upstream flood-control reservoirs have 
altered the historic flooding and sedimentation patterns that 
affect the flood plain.

Recent efforts to mitigate the effects of management 
of the Lower Missouri River have centered on techniques 
for reconnecting wetland habitats to the main channel. The 
techniques include purchasing and converting farmland into 
more-natural ecosystems by a range of engineered and pas-
sive approaches. Catastrophic damage resulting from the 
large magnitude Missouri River flooding of 1993 prompted 
an acceleration of mitigation activities as more land became 
available for purchase by conservation agencies. One of these 
tracts of land acquired is Overton Bottoms North in central 
Missouri (fig. 1).

The availability and distribution of surface water and 
ground water are important factors controlling the composition 
and spatial distribution of restored flora and fauna in the Mis-
souri River flood plain. The frequency, duration, and timing of 
flooding; amount and timing of precipitation; amount of runoff 
from local tributaries; amount of ground water lost or gained; 
evapotranspiration rates; ice thickness; and wetland water 
depth, exert strong controls on flood-plain and wetland eco-
system functions. These functions include sediment trapping, 
nutrient removal, flood-water storage, wildlife habitat, vegeta-
tive types, ecosystem stability, and water turbidity (Blevins, 
2004). The availability of various flood-plain habitats and 
wetland types affects the use, distribution, and habitat for fish 
and wildlife. The size, habitat diversity, and proximity to other 
habitat types affect migratory and resident wildlife use locally 
and regionally.
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Geology

The Missouri River flood plain is underlain by alluvial 
deposits of Quaternary age consisting of clay, silt, sand, 
gravel, cobbles, and boulders (Holbrook and others, this 
volume, chapter 2; Kelly and Blevins, 1995). These uncon-
solidated deposits overlie shale, limestone, and sandstone 
bedrock and form the alluvial aquifer. The nature and extent of 
the alluvial deposits have been greatly affected by numerous 
changes in discharge, sediment load, and river course during 
the Quaternary. The present course of the Missouri River in 
Missouri approximates the southernmost limit of continental 
glaciation.

Numerous investigations have presented lithologic cross 
sections showing a 6- to 9-m silt/clay cap that overlies the 
thick sand and gravel units in the middle of the alluvium in 
most parts of the Lower Missouri River flood plain (Emmett 
and Jeffery, 1968, 1969a, 1969b, 1970; Kelly and Blevins, 
1995). The cap of fine sediment (top stratum) in the study area 
is mostly about 2.5 m thick, although channel fills of 7–8 m 
thickness have also been documented (this volume, chapter 2). 
The top stratum may limit water flow between the land surface 
and the alluvial aquifer. Typically, a thin layer of sandy gravel, 
gravel, and boulders is at the base of the Missouri River allu-
vial aquifer.

Hydrology

The humid continental climate of the study area is char-
acterized by large variations and sudden changes in tempera-
ture and precipitation. The study area receives about 0.94 m 
of rainfall per year (Gann and others, 1971). The source of 
water is important to the ecological function of flood plains 
and flood-plain wetlands; the four potential sources of water 
are: direct precipitation, runoff from the surrounding uplands, 
flooding from the river channel, and ground water. Changes in 
wetland stage from direct precipitation are typically minimal 
and are limited by rainfall (Jacobson and Kelly, 2004). Runoff 
from the surrounding uplands can provide water to wetlands 
near the base of the river-valley walls where upland streams 
enter the flood plain or in wetlands located in or near drainage 
channels. Flooding from the river channel can affect the entire 
flood plain during infrequent large floods, but is most frequent 
in flood-plain areas unprotected by levees and nearest the river 
channel. Fluctuations in river stage cause changes in ground-
water levels in the Missouri River alluvium (Kelly, 2001). The 
movement of ground water into wetlands in response to rising 
river stage has the greatest effect on wetlands that are deep 
enough to intersect the water table.
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Study Area

Overton Bottoms is approximately 2,143 ha (hectares) 
of river bottom along the south bank of the Missouri River 
in Cooper and Moniteau Counties, Missouri, between river 
mile 188 and 177. The study area is the upstream portion of 
Overton Bottoms (Overton Bottoms North) between river 
mile 188 and 185 (fig. 1). The Overton Bottoms North Unit 
was purchased as part of the interagency Missouri River Fish 
and Wildlife Mitigation Project and is administered by the 
Big Muddy National Fish and Wildlife Refuge, U.S. Fish and 
Wildlife Service (USFWS; Jacobson, this volume, chapter 1). 

The Missouri River alluvial valley has generally sub-
dued topography in the study area (fig. 2); however, highway 
embankments along Interstate 70 and pre-existing levees are 
3–5 m above the surface of the alluvial valley in some areas. 
Total relief within the study area is approximately 10 m with 
the highest altitude between 182 and 183 m above North 
American Vertical Datum of 1988 (NAVD 88) near Interstate 
70 and along remaining tops of levees. The lowest altitude 
on the flood plain (about 173 m above NAVD 88) is along 
the south bank of the Missouri River. Low-lying areas collect 
surface runoff during wet periods causing standing water to 
remain for some time where soils are poorly drained.
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Hydrologic Investigations at  
Overton Bottoms North

Hydrologic data have been collected at numerous loca-
tions along the Missouri River from the Missouri-Iowa border 
to St. Louis, Missouri, during recent studies. Previous studies 
of the hydrology at Overton Bottoms North before and after 
construction of the side-channel chute (hereafter referred to as 
the chute) have provided information about the interaction of 
river stage, wetland stage, ground-water levels, and rainfall at 
the site (Kelly, 2001).

The USACE began designing a pilot chute at Overton 
Bottoms North in 1998. The primary design objective was to 
provide shallow water habitat accessible to native Missouri 
River fishes (fig. 1). The U.S. Geological Survey (USGS), in 
cooperation with the USACE, installed three monitoring wells 
(wells 1, 2, and 3; fig. 1) to provide ground-water level data, 
and a staff gage in a deep scour hole (NC-3; fig. 1) to provide 
stage data in support of the design and construction of the 
first-generation chute. In addition, a reference point located 
near Rocheport, Missouri, on a bridge over Moniteau Creek 
near the mouth was used to record Missouri River stage (from 
backwater on Moniteau Creek) to determine the slope of the 
Missouri River surface between the Boonville streamflow gage 

Figure 2. Land-surface altitudes for Overton Bottoms North, Missouri. 
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(USGS stream-gaging station number 06909000) and Overton 
Bottoms North (fig. 1). River stage, ground-water levels, and 
wetland stage data were collected monthly between June 1998 
and May 1999 to provide potentiometric surface maps for the 
area where the new chute was constructed. In 1999, a study 
by the USGS, in cooperation with the U.S. Environmental 
Protection Agency (USEPA), evaluated the hydrology of two 
wetlands (Kelly, 2001). One of the wetlands, TC-1, is located 
at Overton Bottoms North (fig. 1). River stage, ground-water 
levels, wetland stage, and rainfall were measured hourly 
at both wetland sites between June 1999 and July 2000 to 
characterize the spatial and temporal relations among river 
stage, ground-water levels, wetland stage, and rainfall. Well 
TC-1 was installed at Overton Bottoms North for this study. 
Study results indicated shallow wetlands were most affected 
by rainfall and flood inundation, whereas deeper wetlands and 
scours were most affected by ground-water fluctuations caused 
by river-stage changes below flood stage.

The USACE completed construction of the pilot chute in 
Spring 2001. This small first-generation chute was approxi-
mately 3,000-m long, 12-m wide, and 2-m deep. The inlet 
design elevation was 174 m, and the outlet design elevation 
was 172.8 m. Geomorphic evolution of the first-generation 
chute is documented in Jacobson and others (2004) and this 
volume, chapter 1. Water-level recorders were installed in 
wells TC-1, 1, 2, and 3, and stage recorders were installed in 
wetland TC-1 and NC-3 by the USGS, in cooperation with 
the USFWS to continue hydrologic monitoring at Overton 
Bottoms North between June 2001 and June 2002 after the 
first-generation chute was constructed. 

In 2003, the USACE modified the first-generation chute 
by shortening its length and increasing its depth and width to 
increase the duration of flow in the chute and prevent the accu-
mulation of large woody debris that had blocked the original 
first-generation chute by 2002 (fig. 1). This second-generation 
chute is approximately 2,500-m long, 21-m wide, and 6-m 
deep. The inlet elevation is 170.4 m and the outlet elevation is 
170.8 m. The potential change in hydrology of Overton Bot-
toms North caused by the large change in chute dimensions 
provided the impetus to continue assessment of the hydrologic 
interactions among water levels in the Missouri River, the 
chute, ground water, and adjacent wetlands.

Purpose and Scope

The hydrologic assessment at Overton Bottoms North 
is part of a multidisciplinary USGS effort to link hydrology, 
geology, and vegetative communities (this volume, chapter 1). 
The Overton Bottoms North Unit provided an opportunity to 
evaluate hydrologic effects of this rehabilitation design by 
comparing hydrologic functions in the flood plain before and 
after chute construction.

The objectives of the study were to measure and deter-
mine the characteristics of and relations among river stage, 
chute stage, ground-water levels, and rainfall; and to determine 

whether or not chute construction altered the hydrology at 
Overton Bottoms North. The purpose of this report is to pres-
ent the results of this study including river-stage and chute-
stage data, well hydrographs, potentiometric surface maps, 
depth to ground-water maps, and hydrologic cross sections for 
pre-chute, first-generation-chute, and second-generation-chute 
conditions. The data used were collected from 1998 to 2004.

Methods of Hydrologic Data  
Collection and Analysis

Rainfall, chute and river altitude, and ground-water 
altitude were measured at Overton Bottoms North from June 
1998 to May 1999, June 2001 to June 2002, and June 2003 to 
October 2004. These three periods correspond to pre-chute, 
first-generation-chute, and second-generation-chute condi-
tions.

Daily rainfall data for the study period were obtained 
from the National Weather Service site at New Franklin, 
Missouri, approximately 19 km (kilometers) upstream from 
Rocheport, Missouri (fig. 1) (National Oceanic and Atmo-
spheric Administration, 1998, 1999, 2000, 2001, 2002, 2003, 
2004). Hourly river stage at Overton Bottoms North was 
estimated using linear regression between river stages mea-
sured to the nearest 0.003 m at the USGS streamflow-gaging 
station at Boonville, Missouri (river mile 196.6) and monthly 
measurements of Missouri River stage at the Overton Bottoms 
North reference point on Moniteau Creek (Kelly, 2001; fig. 1). 
Twelve measurements at the reference point were compared 
to corresponding measurements at Boonville. The coefficient 
of determination (r2) of the linear regression is 0.979. The 95 
percent confidence interval for the estimated altitude is plus or 
minus 0.003 m. River stage at other locations in the vicinity 
of Overton Bottoms North was estimated using the regression 
equation and linear interpolation along the river between the 
river gage at Boonville, Missouri and the reference point at 
Moniteau Creek. Chute stage was estimated by linear inter-
polation of Missouri River stage between the upstream and 
downstream ends of the chute.

Wells TC-1, 1, 2, and 3 were installed during previous 
studies. Wells 4 and 5 were installed in March 2003 during the 
modification of the chute. Wells 6 and 7 were installed after 
chute modification in August 2003. Pressure transducers and 
data recorders were installed in wells TC-1, 1, 2, 3, 4, and 5 
in July 2003, and in wells 6 and 7 in September 2003. Water 
levels within wells were measured continually using a vented 
pressure transducer to 0.009-m accuracy (Global Water Instru-
mentation, Inc., 2002). Water levels were recorded hourly by a 
data logger and were checked with monthly manual measure-
ments made using an electric water-level measuring tape to 
the nearest 0.003 m. All well measuring points were surveyed 
from a nearby benchmark to 0.003-m accuracy with respect 
to NAVD 88. Water levels were converted to altitude above 
NAVD 88 and reported to 0.003-m accuracy. Well depth and 



Chapter 3 – Hydrologic Interactions   �1

summary of water-level measurement frequency are listed in 
table 1.

Topographic data were obtained from the USACE and 
were produced from aerial photography (USACE, written 
commun., 2003). The horizontal datum for this mapping is 
North American Datum of 1983 (NAD 83). The projection is 
Universal Transverse Mercator Zone 15. The vertical datum 
is National Geodetic Vertical Datum of 1929 (NGVD 29), 
and the units of measurement are feet. The vertical datum was 
converted to NAVD 88 for this study.

The potentiometric surface is defined by the altitude to 
which water will rise in a tightly cased well. Potentiometric 
contour maps were created using well water-level data and 
surface-water stage data. The potentiometric surface at wells 
where depth to water was measured was used to estimate the 

potentiometric surface in distant areas from measured wells, 
but with similar geologic and topographic characteristics.

Seismic refraction surveys were conducted with a 
Geometrics Geode Seismic module and a 12 geophone array. 
Small explosive charges were used to produce the signal 
source for the surveys. Geophone spacing was 7.5 and 10 m. 
Because of the short spacing, each survey array is considered a 
point assessment of seismic stratigraphy. Shot-point locations 
were surveyed with a hand-held Global Positioning System 
(GPS) unit. Analysis of seismic-refraction data using the 
SIPQC V4.0 software package1 (Rimrock Geophysics, Inc., 
1999) provided thickness and seismic velocities for subsurface 
layers.

Table 1. Well depths and summary of water-level measurement frequency.

[m, meters; -, no data]  
 

Well number 
(fig. 1)

Well depth
 (m)

Periods of monthly  
measurements

Periods of hourly  
measurements

Total period of  
measurements

TC-1 13.5 06/01/1998 to 05/17/1999
06/27/2001 to 06/10/2002
06/02/2003 to 10/04/2004

07/07/1999 to 07/06/2000
06/28/2001 to 06/13/2002
07/03/2003 to 08/13/2004

06/01/1998 to 07/06/2000
06/27/2001 to 06/13/2002
06/02/2003 to 10/04/2004

1 12.4 06/01/1998 to 05/17/1999
06/27/2001 to 06/10/2002
06/02/2003 to 10/04/2004

-
06/27/2001 to 12/28/2001
07/03/2003 to 08/13/2004

06/01/1998 to 05/17/1999
06/27/2001 to 06/10/2002
06/02/2003 to 10/04/2004

2 11.6 06/01/1998 to 05/17/1999
06/27/2001 to 06/10/2002
06/02/2003 to 10/04/2004

-
06/27/2001 to 12/28/2001
07/03/2003 to 08/13/2004

06/01/1998 to 05/17/1999
06/27/2001 to 06/10/2002
06/02/2003 to 10/04/2004

3 12.3 06/01/1998 to 05/17/1999
06/27/2001 to 06/13/2002
06/02/2003 to 10/04/2004

-
06/26/2001 to 12/28/2001
07/03/2003 to 08/13/2004

06/01/1998 to 05/17/1999
06/26/2001 to 06/13/2002
06/02/2003 to 10/04/2004

4 7.7 03/27/2003 to 10/04/2004 07/02/2003 to 04/28/2004 03/27/2003 to 10/04/2004

5 8.1 03/27/2003 to 10/04/2004 07/02/2003 to 08/13/2004 03/27/2003 to 10/04/2004

6 12.3 09/03/2003 to 10/04/2004 09/04/2003 to 12/19/2003 09/03/2003 to 10/04/2004

7 12.5 09/03/2003 to 10/04/2004 09/04/2003 to 04/28/2004 09/03/2003 to 10/04/2004

1 Any use of trade, product, or firm names is for descriptive purposes only 
and does not imply endorsement by the U.S. Government.
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Rainfall, River Altitude, and  
Ground-Water Altitude

Monthly rainfall from January 1998 to October 2004 
is shown in figure 3. Total rainfall, normal rainfall, and the 
departure from normal rainfall for pre-chute, first-generation-
chute, and second-generation-chute conditions are listed in 
table 2.

The hydrograph for the Missouri River at Overton Bot-
toms North and monthly ground-water-level measurement 
dates at Overton Bottoms North are shown in figure 4. Median 
river altitude was 173.9 m during pre-chute conditions, 172.2 
m during first-generation-chute conditions, and 171.9 m dur-
ing second-generation-chute conditions. Water-level data for 
the Missouri River and wells TC-1, 1, 2, and 3 for pre-chute, 
first-generation-chute, and second-generation-chute condi-
tions and water-level data for wells 4, 5, 6, and 7 for second-
generation-chute conditions are shown in figure 5. All data 
are digitally stored in the USGS National Water Information 
System (NWIS) database and are available at http://nwis.
waterdata.usgs.gov. For pre-chute, first-generation-chute, and 
second-generation-chute conditions, when hourly ground-
water altitude was recorded, the shape of the well hydrograph 
is a subdued image of the Missouri River hydrograph as 
ground-water altitude generally rose and fell with Missouri 
River altitude. Ground-water altitude for wells TC-1, 1, 2, 
and 3 consistently was above Missouri River altitude for 
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Figure 3. Monthly rainfall during pre-chute, first-generation-chute, and second-generation-chute conditions at or near 
Overton Bottoms North, Missouri, 1998-2004. 

Table 2. Total rainfall, normal rainfall, and departure from 
normal rainfall for pre-chute, first-generation-chute, and second-
generation-chute conditions.

[m, meters] 
 

Total 
rainfall

 (m)

Normal 
rainfall 

(m)

Departure from  
normal rainfall 

(m)

Pre-chute 
June 1998 to May 1999

1.41 0.94 0.47

First-generation chute
June 2001 to June 2002

1.24 1.08 .16

Second-generation chute
June 2003 to October 2004

1.57 1.46 .11

pre-chute conditions, except when river altitude rose rapidly 
on June 24, 1998. Ground-water altitude during first-genera-
tion-chute conditions, like pre-chute conditions, was normally 
above river altitude, except when river altitude rose rapidly 
on September 19, 2001. For second-generation-chute condi-
tions, ground-water altitudes for wells TC-1, 1, 2, and 3 also 
were above river altitude, except for several periods when river 
altitude rose rapidly. Ground-water altitudes for wells 4, 5, 6, 
and 7 were lower than for wells TC-1, 1, 2, and 3 for most of 
the period of measurement during second-generation-chute 
conditions; however, ground-water altitude for well 6 was less 
variable with change in river altitude than wells 4, 5, and 7.
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Figure �. Missouri River altitude and ground-water level measurement dates for pre-chute, 
first-generation-chute, and second-generation-chute conditions at Overton Bottoms North, 
Missouri, 1998-2004. 



��  Science to Support Adaptive Habitat Management

                 MISSOURI RIVER
                 WELL TC-1
                 WELL 1
                 WELL 2
                 WELL 3

                 WELL 7

                 WELL 4
                 WELL 5
                 WELL 6

Pre-chute conditions

170

171

172

173

174

175

176

177

178

179

First-generation-chute conditions

170

171

172

173

174

175

176

177

178

179

Second-generation-chute conditions

170

171

172

173

174

175

176

177

178

179

AL
TI

TU
D

E,
 IN

 M
ET

ER
S 

A
B

O
V

E
 N

A
VD

 8
8

06
/2

3

07
/2

3

08
/2

2

09
/2

1

10
/2

1

11
/2

0

12
/2

0

01
/1

9

02
/1

8

03
/1

9

04
/1

8

05
/1

8

06
/1

7

07
/1

7

08
/1

6

09
/1

5

10
/1

5

2003 2004

06
/1

3

07
/0

8

08
/0

2

08
/2

7

09
/2

1

10
/1

6

11
/1

0

12
/0

5

12
/3

0

01
/2

4

02
/1

8

03
/1

5

04
/0

9

05
/0

4

05
/2

9

06
/2

3

2001 2002

EXPLANATION

06
/0

1

07
/0

1

07
/3

1

08
/3

0

09
/2

9

10
/2

9

11
/2

8

12
/2

8

01
/2

7

02
/2

6

03
/2

8

04
/2

7

05
/2

7

1998 1999

Figure �. Missouri River at Moniteau Creek with wells for pre-chute, first-generation-chute, and second-
generation-chute conditions at Overton Bottoms North, 1998-2004. 
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Figure �. Missouri River altitude and chute inlet and chute outlet altitudes for first-generation- 
chute and second-generation-chute conditions at Overton Bottoms North, Missouri, 2001-2004. 
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Water flowed in the first-generation chute much less 
frequently than in the second-generation chute. The deeper 
and wider second-generation chute allows the Missouri River 
to enter the chute at a lower river stage. During first-genera-
tion-chute conditions, water entered the chute only during 
high Missouri River stage (fig. 6); design specifications were 
to allow flow into the inlet 30 percent of the time, and into 

the outlet about 53 percent of the time (Jacobson and others, 
2004). The inlet and outlet altitudes of the second-generation 
chute allows water to flow almost continuously and during 
second-generation-chute conditions, river stage at the second-
generation chute inlet always was above the bottom of the 
chute.
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Potentiometric Surfaces and  
Depth to Ground Water

Synoptic ground-water level and surface-water altitude 
data were used to prepare potentiometric surface maps for 
pre-chute, first-generation-chute, and second-generation-chute 
conditions to quantify and characterize changes in the poten-
tiometric surface caused by construction and deepening of the 
chute. Depth to ground-water maps were constructed by sub-
tracting the altitude of the potentiometric surface from land-
surface altitude. The depth to ground water depicted on the 
depth to ground-water maps was calculated from interpolated 
potentiometric surfaces. Because there is uncertainty in the 
creation of a potentiometric surface, there also is uncertainty 
in the depth to ground-water maps created using potentiomet-
ric surfaces; these maps are approximate in nature.

The potentiometric surface and depth to ground water for 
pre-chute conditions on June 24, 1998, October 22, 1998, and 
March 23, 1999, are shown in figures 7, 8, and 9. On June 24, 
1998, the low-lying areas of Overton Bottoms North, includ-
ing the area that would become the chute, were inundated 
(fig. 7); however, had the pre-1993 levee been intact flooding 
would not have occurred. River altitude increased about 3.5 m 
from the first week of June 1998 until June 24, 1998, when the 
river was at 177.19 m (fig. 3). Depth to ground water was 3 m 
or less for the entire study area and for more than one-half of 
the study area, depth to ground water was less than 1 m. The 
highest ground-water altitudes were near the river, and the 
lowest were near the southwest edge of the flood plain close 
to Interstate 70, the farthest distance from the river, indicat-
ing recharge to the aquifer from the river. Hydrologic section 
A–A’ (fig. 7) shows the potentiometric surface slightly sloping 
away from the river.

On October 22, 1998, Missouri River altitude was about 
175 m, and a larger part of Overton Bottoms North was inun-
dated (fig. 8). Missouri River altitude was decreasing from a 
peak of 178.8 m on October 7, 1998 (fig. 3). Depth to ground 
water was less than 3 m for most of Overton Bottoms North, 
and for more than one-half of the study area, depth to ground 
water was less than 1 m. The largest depths to ground water 
were along the bank of the Missouri River, where ground-
water altitudes were lowest and land-surface altitude was 
higher along the remnant levee. The highest ground-water alti-
tude was near the town of Overton, Missouri, and the lowest 
ground-water altitude was near the Missouri River. Hydrologic 
section A–A’ (fig. 8) shows the potentiometric surface sloped 
towards the river as river stage was decreasing and water 
drained from the aquifer into the river.

On March 23, 1999, the ground-water altitudes were 
substantially less than previous measurements, and less than 
land-surface altitude for the entire study area (fig. 9). Missouri 
River altitude decreased from about 175.28 m on March 10 
to 173.32 m by March 23, but remained stable for the week 

before ground-water level measurements made on March 23 
(fig. 3). Depth to ground water was between 1 and 5 m for 
most of the study area, and between 2 and 3 m for more than 
one-half of the study area. As of October 22, 1998, the highest 
ground-water altitudes were near the town of Overton; the 
lowest were near the Missouri River. The potentiometric sur-
face sloped towards the river along hydrologic section A–A’ as 
river stage was decreasing and water drained from the aquifer 
into the river.

The potentiometric surface and depth to ground water 
for June 28, 2001, September 5, 2001, and June 13, 2002 are 
shown in figures 10, 11, and 12 for first-generation-chute 
conditions. On June 28, 2001 (fig. 10), low-lying areas of 
Overton Bottoms North were still inundated from the Missouri 
River inundation on June 8, 2001, when the river was 179.02 m 
(fig. 3). Depth to ground water was less than 3 m for most of 
the study area, and less than 1 m for more than one-half of the 
study area. The highest ground-water altitude was located near 
the town of Overton and, although ground-water level was not 
measured, a ground-water mound most likely was centered on 
the island that was created with the construction of the first-
generation chute. A steep ground-water gradient is indicated 
by the closely spaced potentiometric contours on both sides 
and parallel to the first-generation chute compared to the slight 
gradient between the uplands and well 1. Hydrologic sec-
tion A–A’ (fig. 10) shows the potentiometric surface sloped 
towards the first-generation chute and the Missouri River as 
water drained from the aquifer.

On September 5, 2001, the depth to ground water was 
greater than 3 m for most of the study area and below the 
channel bottom of the first-generation chute (172.8 to 174 m) 
(fig. 11). The altitude of the Missouri River along the Over-
ton Bottoms North reach had decreased from about 173.4 m 
on August 27, 2001 to 172.38 m on September 5, 2001 (fig. 3). 
Depth to ground water was between 1 and 2 m below the bot-
tom of the first-generation chute. The highest ground-water 
altitude was near the town of Overton; the lowest was near the 
Missouri River. Hydrologic section A–A’ (fig. 11) shows the 
potentiometric surface sloped towards the river as river stage 
was decreasing and water drained from the aquifer into the 
river.

On June 13, 2002, the depth to ground water was greater 
than 1 m for most of the study area, but was between 0 and 
1 m near the first-generation chute and other low-lying 
areas near well TC-1. Water was flowing in the first-genera-
tion chute (fig. 12). The altitude of the Missouri River had 
increased from about 172.56 m on June 11, 2002 to 174.58 
m on June 13, 2002 (fig. 3). Highest ground-water altitude 
was near well 3; the lowest was near the Missouri River. The 
deflection of the potentiometric contours near the first-genera-
tion chute indicates ground water was draining from the aqui-
fer into the chute from both sides. The large space between 
potentiometric contours indicates a low ground-water gradient. 
Hydrologic section A–A’ (fig. 12) shows the potentiometric 
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surface sloped towards the first-generation chute and the Mis-
souri River as water drained from the aquifer, although the 
slope of the ground-water surface was very slight.

The potentiometric surface and depth to ground water 
for July 3, 2003, December 11, 2003, and June 23, 2004, 
are shown in figures 13, 14, and 15 for second-generation-
chute conditions. On July 3, 2003, the depth to ground water 
was greater than 3 m for most of the study area and greater 
than 4 m for more than one-half of the study area (fig. 13). 
The altitude of the Missouri River had decreased from about 
173.83 m on June 15 to 172.69 m by July 3 (fig. 3). Depth to 
ground water was less than 3 m for low-lying areas adjacent to 
the second-generation chute and well TC-1. Depth to ground 
water was less than 2 m along the upstream part of the old 
channel of the first-generation chute. Highest ground-water 
altitude was between well 3 and the edge of the flood plain to 
the southwest. A ground-water mound centered on the island 
created by the construction of the second-generation chute 
most likely formed during higher river-altitude conditions 
of June 2003. Lowest ground-water altitude, adjacent to the 
Missouri River and the second-generation chute, indicates 
drainage from the aquifer as river altitude decreased. The 
large distance between potentiometric contours indicates a 
low ground-water gradient across the study area. Hydrologic 
section A–A’ (fig. 13) shows the potentiometric surface sloped 
towards both the Missouri River and the second-generation 
chute as ground water drained from the aquifer.

On December 11, 2003, after a period of low river 
altitude, the depth to ground water was greater than 3 m for 
almost the entire study area, and greater than 5 m for more 
than one-half of the study area (fig. 14). The altitude of the 
Missouri River slowly had decreased from 172.19 m on 
November 19 to 170.68 m on December 9 then increased 
rapidly to 172.72 m on December 11, 2003 (fig. 3). Depth 
to ground water was between 2 and 3 m in most low-lying 
parts of the study area, and less than 2 m along the upstream 
part of the old channel of the first-generation chute. Highest 
ground-water altitude was adjacent to the Missouri River and 
the second-generation chute as water moved into the aquifer 
from the river. The two areas of low ground-water altitude 
were caused by the higher river altitude raising ground-water 
altitude near the river and the chute. Lowest ground-water 

altitude was on the south side of the study area near Interstate 
70, and a ground-water depression was centered on the island 
created by the construction of the second-generation chute. 
The large distance between potentiometric contours indicates 
a low ground-water gradient over most of the study area. The 
steeper gradient near the Missouri River and the second-gen-
eration chute indicates rapid recharge to the aquifer was occur-
ring as ground-water altitude adjusted to the rapid change 
in river stage. Hydrologic section A–A’ (fig. 14) shows the 
potentiometric surface sloped away from the Missouri River 
and the second-generation chute as surface water recharged 
the aquifer.

On June 23, 2004, the depth to ground water was less 
than 4 m for almost the entire study area, and less than 3 m for 
about one-half of the study area (fig. 15). The altitude of the 
Missouri River increased from 171.81 m on May 8 to more 
than 175.71 m on June 16, and decreased to 173.81 m on June 
23, 2004 (fig. 3). Depth to ground water was less than 2 m for 
low-lying parts of the study area. Highest ground-water alti-
tude was centered near well TC-1, and may indicate focused 
recharge near the wetland or low permeability resulting in a 
perched water table. A ground-water mound was centered on 
the island created by the construction of the second-generation 
chute most likely formed during higher river-altitude condi-
tions of May 2004. The large distance between potentiometric 
contours indicates a low ground-water gradient over most of 
the study area. The steeper ground-water gradient between 
well 1 and the second-generation chute was caused by the 
recent decrease in river altitude. Hydrologic section A–A’ (fig. 
15) shows the potentiometric surface sloped towards the Mis-
souri River and the second-generation chute as ground water 
drained from the aquifer.

Comparing depth to ground water and potentiometric 
surfaces for pre-chute, first-generation-chute, and second-gen-
eration-chute conditions shows the variability of the surface-
water/ground-water interaction at the study site. Although the 
effect of chute construction on ground-water flow is shown by 
the drainage of ground water into the chute, especially during 
second-generation-chute conditions, the constantly changing 
river stage, variable rainfall, and rapid response of ground 
water to these changes illustrate the constantly changing 
nature of ground-water flow at the study site.
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Figure �. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for pre-chute conditions, 
Overton Bottoms North, Missouri, June 24, 1998.
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Figure �. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for pre-chute conditions, Overton 
Bottoms North, Missouri, October 22 , 1998.
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Figure �. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for pre-chute conditions, 
Overton Bottoms North, Missouri, March 23, 1998.
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Figure 10. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for first-generation-chute conditions, 
Overton Bottoms North, Missouri, June 28, 2001.
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Figure 11. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for first-generation-chute conditions, 
Overton Bottoms North, Missouri, September 5, 2001.
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Figure 12. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for first-generation-chute 
conditions, Overton Bottoms North, Missouri, June 13, 2002.
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Figure 13. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for second-generation-chute 
conditions, Overton Bottoms North, Missouri, July 3, 2003.
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Figure 1�. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for second-generation-chute 
conditions, Overton Bottoms North, Missouri, December 11, 2003.
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Figure 1�. Potentiometric contours, depth to ground water, and hydrologic section A–A’ for second-generation-
chute conditions, Overton Bottoms North, Missouri, June 23, 2004.
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Seismic Analysis
A seismic refraction survey of the study area was 

conducted April 9, 2004, to determine the thickness of the 
silt/clay top stratum and the depth to the bedrock surface at 
seven sites (fig. 16). At all sites, an interface between a lower 
velocity layer and a higher velocity layer was encountered, 
generally between 5 and 15 m deep (fig. 17). A second inter-
face between layers of different velocity layer was detected at 
site 4 at about 20 m. At site 6, depth to an irregular interface 
between layers of different velocity ranged between 20 and 40 m.

The velocities of sound for the alluvial deposits expected 
to be encountered at Overton Bottoms North are listed in 
table 3. The range of velocity of sound in unsaturated mate-
rial generally is lower than the range for saturated material, 
although the velocity of sound in clay can exceed the velocity 
of sound for saturated sand and gravel. For most materials 
listed in table 3, the upper end of the velocity range is associ-
ated with more dense materials located at depth.

The silt/clay and sand materials have similar velocities 
of sound when unsaturated, and therefore cannot be reliably 
discriminated. The first interface detected for most seismic 
survey sites was probably the boundary between unsatu-
rated and saturated alluvial sand; the shallowest depths for 
the velocity interface are generally deeper than the average 
thickness for silt/clay top stratum documented in the same 
area (this volume, chapter 2, fig. 5). The average depth, depth 
range, and average altitude of detected velocity interfaces 
for each seismic survey site and the depth to and altitude 

of the water table measured in nearby monitoring wells on 
April 9, 2004, are listed in table 4. For sites 1, 2, 3, 4, and 7, the 
altitude of the first velocity interface is similar to the altitude 
of the water table measured at nearby wells. This indicates 
that the first velocity interface at these locations is most likely 
the water table, although a lithologic change also could be 
indicated. Site 5 and well 1 are at the same location. For site 
5, the altitude of the first velocity interface is 5.88 m below 
the altitude of the water table at well 1, indicating that the 
first velocity interface there is most likely a change in lithol-
ogy. Borehole 82, documented in Holbrook and others (this 
volume, chapter 2), was located adjacent to site 5; borehole 85 
ended in sand 3.7 m below the ground surface, well above the 
velocity interface.

For site 6, the altitude of the first velocity interface is 9.9 
m below the altitude of the water table at well 1, 9.8 m below 
the altitude of the water table at well 4, and 9.7 m below the 
altitude of the water table at well 5, indicating that the first 
velocity interface at site 6 most likely is a change in lithol-
ogy. A deeper velocity interface detected at sites 4 and 6 is at 
depths typical of bedrock beneath the Missouri River alluvial 
aquifer. At site 4 this may indicate a change in lithology within 
the alluvium and at site 6 the higher velocity (greater than 
4,800 m/s, meters per second) indicates the underlying mate-
rial is most likely limestone. If so, the aquifer is approximately 
20 to 35 m thick at site 6.

Table 3. Compressional velocity of sound in common Earth materials.

[m/s, meter per second; --, no data; modified from Haeni, 1986]

Material Unsaturated velocity 
(m/s)

Saturated velocity 
(m/s)

Weathered surface material 120–2101, 305–6102 --

Clay 915–2,7402 --

Loess silt and silty sand 230–7603 --

Alluvial sand 300–1,2203 610–1,8302, 1,070–1,8303

Alluvial sand and gravel 360–4901, 460–1,5253 1,220–1,8301, 1,525–2,2903

Water (sound velocity of saturated materials should be 
equal to or greater than sound velocity of water) 1,4601, 1,430–1,6802 --

Limestone 2,130–6,1002 --
1Clark (1966, p. 204).

2Jakosky (1950, p. 660).

3Koloski and others (1989).
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Figure 1�. Locations of seismic refraction sites at Overton Bottoms North, Missouri, April 9, 2004. 
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North, Missouri, April 9, 2004.



�0  Science to Support Adaptive Habitat Management

Table �. Comparison of seismic-velocity-interface data and water-level data at Overton Bottoms North, Missouri, April 9, 2004.

[m, meter; --, no data]

Site 
number
(fig. 1�)

Altitude 
(m)

First velocity interface Second velocity interface

Nearest 
wells

Depth to 
water table 
0�/0�/200� 

(m)
Altitude 

(m)

Average 
depth 

(m)

Depth 
range

(m)

Average 
altitude

 (m)

Average 
depth 

(m) 

Depth 
range 

(m) 

Average 
altitude 

(m)

1 178.2 4.0 2.8 to 6.6 174.2 -- -- -- Well 6 4.5 172.6

2 177.5 4.9 1.4 to 8.5 172.6 -- -- -- Well 6 4.5 172.6

3 177.9 4.8 4.3 to 5.3 173.1 -- -- -- Well 2 7.2 173.3

4 177.7 4.4 4 to 4.9 173.1 20.2 19.3 to 21.3 157.5 Well TC-1 9.1 173.3

Well 1 6.3 173.0

5 177.2      10.1 7.1 to 16.5 167.1 -- -- -- Well 1 6.3 173.0

6 175.7      12.7 11.1 to 17.1 163.1 29.3 19.2 to 38.9 146.5 Well 1 6.3 173.0

Well 4 7.8 172.9

Well 5 9.0 172.8

7 178.6 3.6 2.9 to 4.6 175.0 -- -- -- Well 3 6.9 173.5

Relations Among Chute Size, River 
Altitude, and Ground-Water Altitude

Ground-water altitude is closely related to river altitude 
at Overton Bottoms North (fig. 5). Well and river hydrographs 
for pre-chute, first-generation-chute, and second-generation-
chute conditions indicate the differences in the hydrographs 
for the three conditions. Although rainfall was slightly greater 
during pre-chute conditions (table 2), the difference in rainfall 
among pre-, first-generation-, and second-generation-chute 
conditions was assumed to be too small to greatly influence 
ground-water altitude. Recharge for the Missouri River allu-
vial aquifer has been estimated to be between 2 and 25 percent 
of rainfall (Fischel and others, 1953; Hedman and Jorgensen, 
1990). Compared to pre-chute conditions, rainfall was 0.31 
m less during first-generation-chute conditions and 0.36 m 
less during second-generation-chute conditions. Assuming 
recharge is 20 percent of rainfall, then 0.062 m less water 
recharged the aquifer for first-generation-chute conditions than 
for pre-chute conditions, and 0.072 m less water recharged the 
aquifer for second-generation-chute conditions than for pre-
chute conditions. Typical porosity values for alluvial deposits 
are 40 to 70 percent for clay, 35 to 50 percent for silt, 25 to 50 
percent for sand, and 25 to 40 percent for gravel (Freeze and 
Cherry, 1979). Dividing each recharge difference by a typical 
porosity for the aquifer (30 percent) estimates the decrease 
in ground-water level caused by the decrease in recharge. 
For first-generation-chute conditions, the ground-water level 
decrease caused by reduced recharge from rainfall could 
be as much as 0.21 m during 13 months, or 0.016 m/month 
(meter per month) relative decrease in ground-water level. For 
second-generation-chute conditions, the ground-water level 
decrease potentially caused by reduced recharge could be as 

much as 0.24 m during 17 months or 0.014 m/month decrease 
in ground-water level.

Water flow in the chute occurred less frequently during 
first-generation-chute conditions than during second-genera-
tion-chute conditions. During first-generation-chute condi-
tions, water flowed in the chute from upstream 11 percent of 
the time; it was in backwater (that is flowing in from only the 
outlet) 6 percent of the time and dry 83 percent of the time. 
During second-generation-chute conditions water flowed in 
the chute 96 percent of the time; it was in backwater 4 percent 
of the time and was never dry. The wider and deeper second-
generation chute increased the interaction between surface 
water and ground water at the study area, because it flowed 
most of the time and the bottom of the chute was below the 
water table.

Median river altitude was 173.9 m during pre-chute con-
ditions, 172.2 m during first-generation-chute conditions, and 
171.9 m during second-generation-chute conditions. A direct 
comparison of ground-water altitude of wells TC-1, 1, 2, and 3 
between pre-chute, first-generation-chute, and second-genera-
tion-chute conditions does not take into account the decrease 
in river altitude from pre-chute to second-generation-chute 
conditions and overestimates the effect of chute construc-
tion on the decrease in ground-water altitude. A comparison 
of the difference between ground-water altitude and river 
altitude among the three periods more closely indicates the 
relative effect of chute construction on ground-water altitude 
by partially removing the effect of river stage. In addition, 
variations in the pre-chute, first-generation-chute, and second-
generation-chute hydrographs introduce uncertainty into the 
analysis. When river altitude decreases, the difference between 
ground-water altitude and river altitude is greater because river 
altitude decreases faster than ground-water altitude responds. 
Similarly, when river altitude increases, the difference between 
ground-water altitude and river altitude is less. Falling, rising, 
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and steady river altitude conditions were determined based 
on the cumulative change in river altitude during the 5 days 
preceding the ground-water altitude measurement. The 5-day 
period and the amount of change in river stage were deter-
mined through trial and error to provide a period long enough 
to have an effect on ground-water altitude and ensure the 
amount of river altitude change was sufficient to measurably 
change ground-water altitude. If river altitude decreased more 
than 0.1 m during this period, river-altitude conditions were 
falling. If river altitude increased more than 0.1 m during this 
period, river-altitude conditions were rising. If river altitude 
did not change more than 0.1 m during this period, river-alti-
tude conditions were steady. The boxplots of the difference 
between measured ground-water altitude and river altitude for 
combined river-altitude conditions and for falling, rising, and 
steady river-altitude conditions are shown in figure 18.

The change in the difference between ground-water 
and river altitude from pre-chute to first-generation-chute to 
second-generation-chute conditions indicates the effect on 
ground-water altitude of chute construction at Overton Bot-
toms North. The change in median difference between chute 
conditions for wells TC-1, 1, 2, and 3 for each river-altitude 
condition are listed in table 5.

The increase in the median difference between ground-
water and river altitude at well TC-1 from pre-chute to second-
generation-chute conditions for combined river-altitude condi-
tions was 0.09 m (table 5). For all river-altitude conditions, the 
median difference between ground-water and river altitude at 
well TC-1 was smaller during pre-chute conditions than during 
first-generation-chute conditions (fig. 18). This increase in the 
water level difference indicates that the first-generation chute 
either increased recharge to the aquifer or caused less drainage 
from the aquifer to the river near well TC-1. 

Because the first-generation chute was close to well 
TC-1, a more rapid ground-water altitude response to river 
stage at TC-1 (via the chute) would be expected when river 
water flowed in the chute, resulting in a smaller difference 
between ground-water and river altitude. However, chute 
construction allowed the Missouri River to inundate Overton 

Bottoms North more frequently, and at a lower stage, because 
the chute breached the levee that previously had protected the 
flood plain from flooding. The top of the breached levee was 
approximately 180 m. River altitude (fig. 3) exceeded land-
surface altitude (fig. 2) near TC-1 during most of June 2001. 
Well TC-1 is located in a low-lying wetland area of Overton 
Bottoms North, where flood water ponds and does not rapidly 
drain from the area as river altitude decreases. Inundation of 
the flood plain and topographic capture of flood waters in June 
2001 and high river altitude likely increased ground-water 
recharge and raised ground-water altitude. After this period 
of inundation, river altitude fell from June 2001 to January 
2002, and the median difference between ground-water and 
river altitude became large because the river altitude decreased 
more quickly than ground-water altitude could respond. 

For all river-altitude conditions, the median difference 
between ground-water and river altitude at well TC-1 was the 
same or larger during first-generation-chute conditions than 
during second-generation-chute conditions, and the median 
difference was smaller for pre-chute conditions than for 
second-generation-chute conditions. The path of the second 
generation chute is farther from TC-1 than the path of the first-
generation chute. Construction of the second-generation chute 
decreased the median difference between ground-water and 
river altitude for second-generation-chute conditions com-
pared to first-generation-chute conditions, most likely because 
the bottom of the second-generation chute intersects more 
transmissive sand deeper in the aquifer than the first-genera-
tion chute causing a quicker ground-water altitude response to 
river-altitude change. However, the flood plain was inundated 
several times in June and July 2004, and flood water and high 
river stage during these events increased ground-water alti-
tude. The increase in ground-water altitude compared to river 
altitude at well TC-1 during first-generation-chute and second-
generation-chute conditions indicates that inundation of the 
flood plain in the absence of protective levees and focused 
recharge in this low-lying area increased the ground-water 
altitude more than the drainage of the aquifer into the first- or 
second-generation chute decreased the ground-water altitude. 

 
River- 
altitude 
condition

Median ground-water altitude change (m)

Well TC-1 Well 1 Well 2 Well 3

Pre-
chute to 

first-
chute 

First-
chute to 
second-

chute

Pre-
chute to 
second-

chute

Pre-
chute to 

first-
chute 

First-
chute to 
second-

chute

Pre-
chute to 
second-

chute

Pre-
chute to 

first-
chute 

First-
chute to 
second-

chute

Pre-
chute to 
second-

chute

Pre-
chute to 

first-
chute 

First-
chute to 
second-

chute

Pre-
chute to 
second-

chute

Combined 0.25 -0.16 0.09 -0.22 -0.39 -0.61 -0.35 -0.54 -0.89 -0.20 -0.29 -0.49

Falling .18 -.14 .04 -.27 -.32 -.59 -.38 -.51 -.89 -.25 -.18 -.43

Rising .37 -.35 .02 -.22 -.46 -.68 .16 -.93 -.77 -.13 -.35 -.48

Steady .18 0 .18 -.11 -.27 -.38 -.12 -.29 -.41 -.12 -.21 -.33

Table �. Change in media difference between ground-water and river altitude for wells TC-1, 1, 2, and 3 for combined, falling, rising, 
and steady river-altitude conditions.  

[m., meter]
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Figure 1�. The maximum, 75th percentile, median, 25th percentile, and minimum of the difference between 
measured ground-water altitude and river altitude for combined, falling, rising, and steady river-altitude 
conditions, Overton Bottoms North, Missouri. 
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Although the second-generation chute decreased ground-water 
altitude from first-generation-chute conditions, the increased 
distance of well TC-1 from the second-generation chute 
decreased the rate of response of ground water to changes in 
river altitude and raised ground-water altitude at well TC-1.

Well 1 is 120 m from the chute and is, therefore, one of 
the best wells for characterizing chute effects on ground-water 
altitude near the chute. The change in median ground-water 
altitude at well 1 from pre-chute to second-generation-chute 
conditions for combined river-altitude conditions was -0.61 m 
(table 5). For all river-altitude conditions the median differ-
ence between ground-water and river altitude decreased from 
pre-chute to first-generation-chute and from first-genera-
tion-chute to second-generation-chute conditions for well 1, 
indicating the construction of the first-generation chute and the 
second-generation chute caused ground-water altitude to more 
closely follow changes in river altitude (fig. 18). Ground-
water recharge from flood inundation during pre-chute and 
first-generation-chute conditions did not have the large effect 
on ground-water altitude at well 1 as at well TC-1. Well 1 is 
located on higher ground than TC-1, and flood water typi-
cally drains from the area as river altitude decreases (fig. 2). 
The path of the first-generation chute and second-generation 
chute are identical near well 1. The decrease in the difference 
between ground-water and river altitude most likely occurred 
because the bottom of the second-generation chute intersects 
the more transmissive sand of the aquifer, allowing ground-
water altitude to more closely track river and chute altitude.

Well 2 is 1,350 m from the Missouri River, 875 m from 
the second-generation chute, and 820 m from the first-genera-
tion chute. The change in median ground-water altitude at 
well 2 from pre-chute to second-generation-chute conditions 
for combined river-altitude conditions was -0.89 m (table 5). 
For combined, falling, and steady river-altitude conditions, 
the median difference between ground-water and river altitude 
decreased from pre-chute to first-generation-chute and from 
first-generation-chute to second-generation-chute conditions 
for well 2, indicating the construction of the first-generation 
chute and then the second-generation chute caused ground-
water altitude to more closely follow changes in river altitude 
(fig. 18). However, for rising river-altitude conditions the 
median difference between ground-water and river altitude 
for well 2 increased from pre-chute to first-generation-chute 
conditions, and then decreased from first-generation-chute 
to second-generation-chute conditions. This is similar to the 
response of ground-water altitude for well TC-1 during all 
river-altitude conditions. Inundation of the flood plain in June 
2001 (fig. 5) recharged the aquifer and caused higher than 
normal ground-water altitude near well 2. High ground-water 
altitude and small increases in river altitude during first-gen-
eration-chute conditions caused the increase in the median 
difference between ground-water and river altitude at well 2 
between pre-chute and first-generation-chute conditions for 
rising river-altitude conditions.

Well 3 is 920 m from the Missouri River, 1,150 m from 
the second-generation chute, and 745 m from the first-genera-

tion chute. The change in median ground-water altitude at 
well 3 from pre-chute to second-generation-chute conditions 
for combined river-altitude conditions was -0.49 m (table 5). 
For all river-altitude conditions the median difference between 
ground-water and river altitude decreased from pre-chute to 
first-generation-chute, and from first-generation-chute to sec-
ond-generation-chute conditions for well 3. The construction 
of the first-generation chute and the second-generation chute 
caused ground-water altitude to more closely follow changes 
in river altitude (fig. 18). The response of well 3 to hydro-
logic changes at Overton Bottoms North is similar to that of 
well 1. Ground-water recharge from flood inundation during 
pre-chute and first-generation-chute conditions did not have 
the large effect on ground-water altitude at well 3 as it did 
for well TC-1 and well 2. Well 3 is on high ground and flood 
water drains from the area after inundation as river altitude 
decreases (fig. 2). The path of the second-generation chute is 
farther from well 3 than the path of the first-generation chute. 
The decrease in the difference between ground-water and river 
altitude most likely occurred because the bottom of the sec-
ond-generation chute intersects the more transmissive sand of 
the aquifer, allowing ground-water altitude near well 3 to more 
closely track river and chute altitude.

A transect constructed from wells 1, 4, and 5 perpen-
dicular to the axis of the second-generation chute illustrates 
the spatial and temporal variability of ground-water altitudes. 
Hydrologic section A–A’ (figs. 13 to 15) shows the potentio-
metric surface across this transect for selected times during 
second-generation-chute conditions. Hourly monitoring of 
ground-water levels in these wells measured the ground-water 
altitude response to changes in water-level altitude in the 
chute. The altitude of the water level in the chute, ground-
water altitude, water depth in the chute, depth from land 
surface to ground water, and the minimum, 25th percentile, 
median, 75th percentile, and maximum depth to ground water 
for wells 1, 4, and 5 from June 28, 2003 to August 21, 2004, 
are shown in figure 19. Median depth to ground water was 
5.04 m at well 1, 4.62 m at well 4, and 4.26 m at well 5.

Ground-water and river-altitude conditions were similar 
on March 23, 1999 (fig. 9) and June 23, 2004 (fig. 15). A 
comparison of hydrologic section A–A’ for these two times 
indicates the decrease in ground-water altitude caused by the 
second-generation chute near wells 1, 4, and 5. From pre-chute 
to second-generation-chute conditions, median ground-water 
altitude decreased 0.61 m at well 1. Wells 4 and 5 were not 
installed until the second-generation chute was constructed 
and pre-chute ground-water altitude data were not available. 
However, hydrologic conditions at well 1 are similar to wells 
4 and 5, and ground-water altitude most likely decreased a like 
amount. An estimate of median depth to ground water during 
pre-chute conditions at these wells can be made by subtracting 
the median decrease calculated for well 1 (0.61 m) from the 
median depth to ground water calculated from hourly ground-
water altitude measurements. The estimated median depth to 
ground water during pre-chute conditions was 4.43 m for well 
1, 4.01 m for well 4, and 3.65 m for well 5.
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The transect illustrates the fine-scale dynamics of ground-
water and surface-water interactions that can be expected in 
an alluvial flood-plain environment (fig. 19). Near simultane-
ous peaks for surface water and ground-water wells indicate 
rapid interaction through transmissive sediments. However, 
responses can also be spatially variable. For example, during 
low-water conditions June, 2003 to December, 2003, ground-
water altitudes adjacent to the chute in well 1 were higher than 
those in well 5, located about twice the distance from the chute 
on the island. During and after the April 2004 flood, however, 
the relative altitudes were reversed with ground water ponded 
under the island and presumably draining toward wells 4 and 
5. In general, ground water was mounded at shallower depths 
below the ground surface in the middle of the island (well 5) 
compared to wells adjacent to the chute (fig. 19). 

Chute construction has resulted in a decrease in the dif-
ference between ground-water altitude and river altitude in 
most areas of Overton Bottoms North. The decrease in the 
difference between ground-water and river altitude is most 
notable for second-generation-chute conditions. However, 
chute construction has allowed the Missouri River to inun-
date Overton Bottoms North more frequently, and at a lower 
stage, because the levee that previously protected the flood 
plain was breached at the chute inlet and outlet. If the levee 
was still in place, and no chutes existed, the Missouri River 
would not have inundated the flood plain at Overton Bottoms 
North during the study period. The construction of the chutes 
has resulted in more frequent surface recharge to the aquifer 
from flood inundation in low-lying areas. The increase in 
the difference between ground-water and river altitude was 
greatest during first-generation-chute conditions, when surface 
recharge from flood water caused ground-water altitude to 
increase more than drainage of the aquifer to the first-gen-
eration chute, and the Missouri River caused ground-water 
altitude to decrease.

The decrease in the difference between ground-water 
and river altitude from pre-chute to second-generation-chute 
conditions for most areas of Overton Bottoms North indi-
cates that ground-water altitude more closely corresponds to 
river altitude with the presence of a second-generation chute. 
Ground-water altitude in areas of the aquifer closer to the river 
typically respond to river-altitude fluctuations more rapidly 
than areas farther from the river. Rising river altitude causes 
ground-water altitude to increase as water goes into bank stor-
age, and falling river altitude causes ground-water altitude to 
decrease. At Overton Bottoms North, construction of the sec-
ond-generation chute added another river channel in the study 
area more inland from the main river channel. This increased 
the effect of river-altitude changes on ground-water altitude 
by adding more opportunity for exchange between surface and 
ground water, resulting in more variable ground-water altitude 
after the chute was constructed.

During low river stages, the decrease in ground-water 
altitude with respect to river altitude will most likely reduce or 
eliminate the effect of ground water on wetland recharge and 
drainage, especially those that are located near the second-

generation chute. However, the reconnection of the flood plain 
with the Missouri River caused by chute construction and 
removal of levee protection will increase the effect of high 
river stage on wetland stage by increasing flood frequency. 
More frequent flood inundation of low-lying areas combined 
with slow wetland drainage may increase the area occupied by 
wetlands during periods of high river stage. When river stage 
remains low, lack of inundation and a lower ground-water 
altitude will most likely reduce the water that is available to 
wetlands. Therefore, chute construction at Overton Bottoms 
North had the net effect of making wetlands drier during dry 
periods, and breaching of the levees caused the wetlands to be 
wetter during and immediately after flood periods.

Summary
Overton Bottoms North is located along the Missouri 

River near the towns of Rocheport and Overton, Missouri, 
and was acquired by the USACE after the floods of 1993 and 
1995. In 2000, the USACE constructed a chute at Overton 
Bottoms North to provide shallow water habitat in the Mis-
souri River for native fish. The USGS collected pre-chute 
hydrologic data between June 1998 and May 1999, and 
between June 1999 and July 2000. Hydrologic monitoring 
resumed at Overton Bottoms North after construction of this 
first-generation chute; data were collected between June 2001 
and June 2002. In 2003, the side-channel chute was deepened, 
widened, and realigned. Hydrologic data for this second-gen-
eration chute were collected between June 2003 and October 
2004.

The hydrology at Overton Bottoms North is affected 
by intermittent seasonal flooding, the interchange of water 
between the Missouri River and wetlands via ground-water 
flow during normal river stage, flow in the chute, and local 
precipitation. Shallow wetlands are most affected by rainfall 
and flood inundation, whereas deeper wetlands and scours are 
most affected by ground-water fluctuations caused by river- 
and chute-stage changes. Variability in rainfall during the three 
monitoring periods was considered to have a minimal effect on 
ground-water altitudes.

A seismic refraction survey of the study area was con-
ducted April 9, 2004, to determine the thickness of the silt/clay 
top stratum and the depth to the bedrock surface at seven sites. 
At all sites, an interface between a lower velocity layer and a 
higher velocity layer was encountered, generally between 5 
and 15 m deep; however, typical velocities and comparisons 
with borehole data indicated that this velocity interface prob-
ably resulted from the contrast between saturated and unsatu-
rated alluvium rather than a lithologic difference. Depth to a 
second velocity interface was detected at site 4 at about 20 m. 
At site 6, depth to a second irregular interface ranged between 
20 and 40 m. These velocity interfaces probably resulted from 
lithologic contrasts within the alluvium and the contact of 
alluvium on limestone bedrock.
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Comparing depth to ground water and potentiometric 
surfaces for pre-chute, first-generation-chute, and second-gen-
eration-chute conditions shows the variability of the surface-
water/ground-water interaction at the study site. Although the 
effect of chute construction on ground-water flow is shown by 
the drainage of ground water into the chute, especially during 
second-generation-chute conditions, the constantly changing 
river stage, variable rainfall, and rapid response of ground 
water to these changes illustrate the constantly changing 
nature of ground-water flow at the study site.

Ground-water altitude is closely related to river-stage 
altitude at Overton Bottoms North. Water flow in the chute 
occurred less frequently during first-generation-chute condi-
tions than during second-generation-chute conditions. The 
wider and deeper second-generation chute increased the inter-
action between surface water and ground water at the study 
area because it flowed most of the time, and the bottom of the 
chute was below the water table.

Effects of river altitude on ground-water altitude varied 
systematically with stage of chute construction. Depth to 
ground water was least for pre-chute conditions, greater for 
first-generation-chute conditions, and largest for second-gen-
eration-chute conditions at most wells. 

Ground-water response, however, also depended on 
topographic characteristics of a site and distance from the 
chute or river. For example, well TC-1 (located in a low-lying 
wetland area adjacent to the first-generation chute), showed an 
increase of 0.09 m in the median difference between ground-
water altitude and river altitude from pre-chute to second-
generation-chute conditions. In contrast, for wells 1, 2, and 3 
(located at higher land-surface altitudes), the differences were 
-0.61 m, -0.89 m, and -0.49 m, respectively, indicating overall 
lowering of the ground-water altitude relative to the river. In 
the case of TC-1, inundation of the flood plain by the Mis-
souri River in the absence of protective levees increased the 
ground-water altitude more than drainage of the aquifer into 
the first- or second-generation chute decreased ground-water 
altitude. For wells 1, 2, and 3, generally declining differences 
between ground-water and river altitudes pre-chute-, to first-
generation-chute-, to second-generation-chute conditions are 
attributed to enhanced drainage into the chutes. In particular, 
intersection of the bottom of the second-generation chute with 
the highly transmissive sand of the alluvial aquifer appears to 
have increased the hydrologic interaction between the chute 
and ground water.

A transect of three wells (1, 4, and 5) perpendicular to the 
axis of the side-channel chute confirmed the fine-scale vari-
ability of ground-water dynamics in the flood-plain environ-
ment. The data showed that ground-water altitudes responded 
rapidly to surface-water fluctuations, indicating flow through 
very transmissive sediment. Moreover, the data documented 
the tendency for ground-water depths to be slightly less in 
wells away from the chute. 

Chute construction has resulted in a decrease in the 
difference between ground-water and river altitude in most 
areas of Overton Bottoms North. However, chute construc-

tion has allowed the Missouri River to inundate the area more 
frequently and at a lower stage because the levee that previ-
ously protected the flood plain was breached at the chute inlet 
and outlet. If the levee was still in place, and no side-channel 
chutes existed, the Missouri River would not have inundated 
the flood plain at Overton Bottoms North during the study 
period. Chute construction has resulted in more frequent sur-
face recharge to the aquifer from flood inundation in low-lying 
areas.

The decrease in the difference between ground-water 
and river altitude from pre-chute to second-generation-chute 
conditions for most areas of Overton Bottoms North indicates 
that ground-water altitude more closely corresponds to river 
altitude after construction of the chutes. Construction of the 
second-generation chute added another river channel in the 
study area more inland from the main river channel. This 
increased the effect of river altitude changes on ground-water 
altitude resulting in more variable ground-water altitude after 
the chute was constructed.

During low river stages, the decrease in ground-water 
altitude with respect to river altitude most likely will dimin-
ish ground water recharge of wetlands, especially those that 
are located near the second-generation chute. However, the 
reconnection of the flood plain with the Missouri River caused 
by chute construction and removal of levee protection will 
increase the effect of high river stage on wetland stage by 
allowing more frequent flooding and recharge of the aquifer 
through the chute banks. More frequent flood inundation of 
low-lying areas combined with slow wetland drainage may 
increase the area occupied by wetlands during periods of high 
river stage. When river stage remains low, lack of inundation 
and a lower ground-water altitude will most likely decrease 
water available to wetlands. Therefore, chute construction at 
Overton Bottoms North had the net effect of making wetlands 
drier during dry periods and breaching of the levees caused 
wetlands to be wetter during and immediately after flood periods.
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Abstract

We evaluated multi-year trends in land cover to assess 
how vegetation communities have been affected by hydro-
logic alteration of the Missouri River flood plain near Overton 
Bottoms, Missouri. Landsat multispectral satellite image data 
were used to map seven general classes of the vegetation and 
land cover on five different dates between September 1994 
and September 2002. A supervised classification of the 2002 
Landsat image was performed first, and then verified in the 
field in early September 2004. These observations, ancillary 
aerial photographs and Ikonos image data were used to pro-
duce land-cover maps from each of the four remaining Landsat 
images. Ten maps were produced: 5 showing the land-cover 
classes for each year, 4 showing the change in those classes 
from one date to the next, and 1 showing the overall changes 
in the classes between 1994 and 2002. Area and edge mea-
surements and patch characteristics were calculated using the 
five land-cover maps.

The distribution and succession of land cover observed on 
Overton Bottoms from 1994 to 2002 are consistent with pat-
terns at other sites along the Lower Missouri River. The dis-
tribution of cottonwood and willow trees on Overton Bottoms 
between 1994 and 2002 demonstrates the relation between 
the spatial and temporal distribution of flood plain land-cover 
classes and flood-plain landforms. While the total area of cot-
tonwood and willow trees increased from 72 ha (hectares) in 
1994 to 702 ha in 2002, the increase was not uniform across 
Overton Bottoms, but generally limited to areas on the flood 
plain that are adjacent to the river, unprotected by levees, and 
undisturbed by human activities. They also demonstrated a 
preference for surficial geologic units mapped as channel-fill 
allounits (Holbrook and others, this volume, chapter 2). This 
suggests a strong relation between surficial Lower Missouri 
River stratigraphy and the distribution of specific types of 
Lower Missouri River land cover.

Introduction
The construction of levees, bank revetments, and wing 

dikes along the Lower Missouri River has resulted in a sub-
stantial reduction in the quantity (spatial and temporal extent) 
and quality (diversity) of terrestrial and aquatic habitats (Funk 
and Robinson, 1974; National Research Council, 2002). 
Efforts during the late 1990’s to rehabilitate the river corridor 
have included modifying the existing channel control struc-
tures, rehabilitating flood-plain wetlands, and constructing 
side channels (Galat and others, 1996; Chapman and oth-
ers, 2004; Jacobson and others, 2004). The success of these 
and other habitat rehabilitation and restoration efforts along 
the Lower Missouri River is dependent on an appreciation 
for the complexity of terrestrial riverine ecosystems. Ques-
tions regarding the interdependence of flood-plain processes 
and ecosystem structure and function are in the forefront of 
ecological research interests. The answers to these questions 
are important to natural resource managers practicing adaptive 
management along the Lower Missouri River.  

A critical component of flood-plain ecology is the spatial 
and temporal distribution of vegetation. Flood plains typi-
cally are dynamic surfaces that are continuously reshaped by 
erosion and deposition. These processes play an important 
role in the distribution of flood-plain vegetation within space 
and time (Hupp and Osterkamp, 1996; Kalliola and Puhakka, 
1998; Robertson and Augspurger, 1999). These spatial and 
temporal patterns of flood-plain vegetation are particularly 
complex along the Lower Missouri River where recent conver-
sion of agricultural land to conservation purposes has resulted 
in rapid changes.   

Much of the flood plain of the Lower Missouri River, 
including Overton Bottoms (fig. 1), has been cleared for 
agriculture since settlement in the early 1800’s. The surface 
has been reworked by plows, row crops have replaced natural 
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Figure 1. Location of Overton Bottoms North Unit and South Unit conservation areas.
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vegetation, and construction of levees has disconnected the 
flood plain from the river. These modifications effectively sup-
pressed or substantially altered natural flood-plain biophysical 
processes. Since acquiring Overton Bottoms in the mid 1990’s, 
managers within the U.S. Army Corps of Engineers (USACE), 
U.S. Fish and Wildlife Service (USFWS), and the Missouri 
Department of Conservation (MDC) have allowed much of 
Overton Bottoms to return to more natural conditions. Levee 
failures associated with the flood of 1993 were not repaired, 
and a side-channel chute was constructed in 2000 (Jacobson, 
this volume, chapter 1). Consequently, much of Overton Bot-
toms has been subjected to seasonal flooding, and naturally 
occurring vegetation now occurs over much of the area, espe-
cially Overton Bottoms North Unit (fig. 1).

Remotely sensed imagery, which includes multispectral 
digital satellite image data and aerial photographs, are an ideal 
source for a retrospective analysis of land-cover changes on 
the Lower Missouri River flood plain. Nearly continuous mul-
tispectral satellite image data acquired since 1972 are avail-
able. Less regular aerial photographs acquired since the late 
1930’s also are available. These two types of data and associ-
ated analytical techniques provide an opportunity to map land 
cover over a large area like the Lower Missouri River flood 
plain, or at a specific area like Overton Bottoms. Two simple 
comparisons can be used to evaluate land-cover change on the 
flood plain: the measured increase or decrease in the total area 
of a specific land-cover class from one date to another, and the 
measured changes in their spatial patterns.  

Area and edge are two fundamental measures of terres-
trial landscapes. They typically are used to help characterize 
patterns of land cover. One of the simplest and most useful 
measures of a landscape is the total area of particular land-
cover type (or its proportional abundance across a specific 
place), and whether it increases or decreases with time. The 
total area of a particular land-cover type can be easily calcu-
lated, especially when the source of the measurement is raster-
image data. Once individual cells in the image are classified, 
the area of a particular class is calculated by multiplying the 
total number of cells by the area of a single cell. Changes 
with time can be determined by arithmetically comparing area 
measurements derived from one image to those derived from 
another.

Edges also are an important feature of most terrestrial 
landscapes. Their presence, complexity, and distribution 
provide an indication of the structure, abundance, and vari-
ability of habitats across a particular landscape. Although not 
as easily calculated as area, the total length of the edge of a 
land-cover type provides a useful landscape measure.

Purpose and Scope

The purpose of this report is to document the effects 
of altered hydrology and land use at Overton Bottoms on 
broad-scale characteristics of vegetation communities. The 
areal extent is the valley-bottom land within the boundaries 

of the Overton Bottoms North Unit, a part of the Big Muddy 
National Fish and Wildlife Refuge (managed by the USFWS) 
and the Overton Bottoms South Unit (managed by MDC). The 
time period under consideration is from 1994 to 2002. This 
period covers the adjustment of Overton Bottoms vegetation 
communities to breached levees and side-channel chute con-
struction after the 1993 flood.

Methods of Image Classification and 
Change Analysis 

A hybrid method of land-cover change analysis devel-
oped by Loveland and others (2002) was used to estimate the 
rates of land-cover change on Overton Bottoms since the flood 
of 1993. This method combines supervised image classifica-
tion and visual interpretation of Landsat multispectral satellite 
image data using aerial photographs, additional high resolu-
tion satellite imagery, and field observations. Seven general 
classes of land cover were defined and mapped for each of 5 
different dates between September 1994 and September 2002. 
The seven classes included water, bare ground, weeds/grasses/
forbs, cottonwoods/willows, mature trees, agricultural fields, 
and roads.  

Five Landsat images, three digital aerial orthophoto-
graphs and two Ikonos multispectral images were acquired. 
The Landsat data have an early September acquisition date 
(table 1). Four images (1994, 1996, 1998 and 2002) are 
Landsat 5 Thematic Mapper (TM) data. A suitable Landsat 5 
TM image for 2000 was not available, so a Landsat 7 image 
was used. Landsat 7 carries an improved TM sensor called the 
Enhanced Thematic Mapper (ETM+) that records the same 
seven bands as the TM sensor aboard Landsat 5, plus an addi-
tional sensor that records high resolution panchromatic data. 
The spatial resolution of bands one through five and seven of 
both the TM and ETM+ data is 30 m (meters), with a posi-
tional accuracy of +/-15 m. Although they are less than 30 m 
wide, roads could be mapped because of their distinct shape, 
distinct spectral signature, and high contrast with the land-
cover classes that they cross. The ancillary data that were used 
included digital aerial orthophotographs and Ikonos multispec-
tral and panchromatic image data. The orthophotographs were 
acquired in 1995, 2000, and 2003. The 1995 data are black and 
white, the 2000 data are natural color, and the 2003 data are 
color infrared.  The Ikonos data were acquired in 2000.

Table 1.  Landsat images. 

Sensor Scene ID Acquisition Date

TM-5 5025033009425710 September 19, 1994

TM-5 5025033009624710 September 3, 1996

TM-5 5025033009825210 September 9, 1998

ETM+ 7025033000025050 September 6, 2000

TM-5 5025033000224710 September 4, 2002
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A template was used to clip each of the five Landsat 
images to the extent of the Overton Bottoms conservation 
areas to limit the amount of processing and the extent of the 
analysis. A general center line of the Missouri River formed 
one side of the template, and a combination of the valley wall 
and the boundary of the Overton Bottoms conservation area 
formed the other. Training sets were defined for each of the 
seven classes by visually interpreting the TM scene, the ortho-
photographs, and the Ikonos imagery. A supervised classifica-
tion of the 2002 TM scene was completed using a maximum 
likelihood classifier. The classification was verified in the field 
in September 2004 and edited by the analyst using the ancil-
lary photographs and images. The overall thematic accuracy of 
the classification was 92.8 percent. The thematic accuracy was 
determined by following the procedures developed for the U.S. 
Geological Survey (USGS)/National Park Service Vegetation 
Mapping Program (USGS, 2005).  

Land-cover maps for each of the four remaining dates of 
Landsat imagery were produced by visually interpreting each 
Landsat scene, supplemented by the ancillary orthophoto-
graphs and imagery. For example, the September 2000 land-
cover data were collected by visually comparing the Septem-
ber 2002 land-cover map to the September 2000 Landsat scene 
and looking for land-cover changes that had occurred between 
September 2000 and September 2002. Any identified changes 
in land cover were manually digitized on-screen to produce 
a September 2000 land-cover map. The resulting land-cover 
map was then used as a starting point to interpret the 1998 TM 
scene, and so forth. Land-cover change estimates were calcu-
lated by comparing the area and the total perimeter length of 
each land-cover class from one year to the next. Patch char-
acteristics were derived from the land-cover maps using the 
FRAGSTATS program (McGarigal and Marks, 1995).1 

Land-Cover Changes at Overton 
Bottoms

Ten data sets were produced using the Landsat TM 
images: 5 maps showing the land cover for each year, 4 maps 
showing the change in those classes from one date to the next, 
and 1 map showing the overall changes in land cover between 
1994 and 2002. The area of each of the classes is summarized 
by year in table 2. More detailed information about the total 
area of change from one date to the next, and from the earliest 
to the latest date is provided in table 3. The total length of the 
perimeter, or edge of each of the classes for each year is sum-
marized in table 4.

The map of Overton Bottoms that was produced using the 
September 19, 1994 TM data is shown in figure 2. The total 
land area in conservation areas at Overton Bottoms is 2,017 
ha. The total area of the image, which includes a portion of 

the Missouri River channel, is 2,348 ha. The most abundant 
land-cover class in September 1994 was weeds/forbs/grasses, 
followed by agricultural fields (table 2). Before 1993, most 
of Overton Bottoms was being farmed, but by 1994, farming 
had been abandoned over large areas. Some areas, mostly in 
the northwest (Overton Bottoms North Unit), were covered 
with sand. A particularly large sand area extends away from 
Interstate 70 (I-70) towards the southeast; this deposit is a 
splay produced from scour under I-70 during the 1993 flood. 
The mature trees-community class is limited to the riparian 
corridor along the river, a large area just upstream of Hick-
man Island and an area adjacent to Tadpole Island extending 
upstream along an abandoned side channel. Most of the area 
classified as mature tree community is on the river side of the 
levees. The water class is limited to the main channel of the 
Missouri River, the abandoned side channel at Tadpole Island, 
and several flood-plain depressions. The most notable of these 
is the scour bisected by I-70 just west of the Missouri River. 
The cottonwoods/willows class is limited to very small areas, 
and other than roads, represents the least abundant land-cover 
class in 1994.

The map of Overton Bottoms that was produced using 
the September 3, 1996 TM data is shown in figure 3. The 
most notable difference between this map and the one gen-
erated using the 1994 TM data is the increased area of the 
cottonwoods/willows class. This class increased from 72 ha 
in 1994 to 248 ha in 1996. The total area of cottonwoods/wil-
lows in 1996 included 10 ha that had been bare ground, 162 
ha that had been weeds/forbs/grasses, and 4 ha that had been 
agricultural fields in 1994 (table 3). A map of the areas where 
the land cover had changed between 1994 and 1996 is shown 
in figure 4. Areas where the land-cover classes did not change 
are blank (gray-scale background image shows through); 
areas where the land cover did change are shown in the color 
of the land-cover class that they became. This figure clearly 
shows large areas where the land-cover class had changed to 
cottonwoods/willows. The largest contiguous areas of cotton-
woods/willows are Hickman Island, located near the mid-
point of Overton Bottoms, and Tadpole Island located at the 
southeastern end of Overton Bottoms. Both areas are delimited 
by abandoned river channels. A third, smaller area occupied 
by discontinuous polygons of cottonwoods/willows is on an 
unnamed island on the northeastern part of Overton Bottoms. 
The fourth area occupied by cottonwoods/willows is an area 
of small discontinuous polygons in the northwestern part of 
Overton Bottoms.  

The weeds/forbs/grasses class continued to be the most 
abundant land-cover class in September 1996 (table 2). Small 
discontinuous areas of bare ground or agricultural fields 
became weeds/forbs/grasses (fig. 4). These areas include a 
total of 38 ha that had been bare ground, and 24 ha that had 
been agricultural fields (table 3). Flooding in 1995 resulted in 
additional damage to agricultural land on Overton Bottoms. It 
also was during this time that ownership of Overton Bottoms 
was changing from private to public through the willing sale 
by private land owners to the USACE, MDC, and USFWS. 

1 Any use of trade, product, or firm names is for descriptive purposes 
only and does not imply endorsement by the U.S. Government.
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The total area of water, mature trees, and roads remained 
unchanged from September 1994 to September 1996.   

The map of Overton Bottoms that was produced using 
the September 9, 1998 TM data shows large continuous areas 
of cottonwoods/willows on the northwest, east, and southeast 
parts of Overton Bottoms (fig. 5). The total area of cotton-
woods/willows increased from 248 ha in September 1996, 
to 487 ha in September 1998 (table 2). The increased area 
included 16 ha that had been bare ground and 223 ha that had 
been weeds/forbs/grasses (table 3). Substantial change from 
bare ground and weeds/forbs/grasses to cottonwoods/willows 
can be seen along the northwestern and southeastern margins 
of Overton Bottoms by comparing figure 3 and figure 5.  A 
map of the change from one land-cover class to another is 
shown in figure 6.  In addition to the large continuous areas 
that became cottonwoods/willows between September 1996 
and September 1998, it is interesting to note small discontinu-
ous areas on the northwestern part of the bottoms west of Mis-
souri Route 98 that changed to cottonwoods/willows during 
the same time period. Equally interesting is the change that 
occurred along the western and southern margin of the large 
area of bare ground southeast of I-70. This area changed from 
bare ground to a patchwork of weeds/forbs/grasses and cotton-
woods/willows. The northern and eastern margin of the same 
area changed from bare ground to weeds/forbs/grasses (fig. 6). 
Elsewhere, 8 ha of agricultural fields changed to weeds/forbs/
grasses (table 3). The total areas of water, roads, and mature 
trees remained unchanged.

The map of Overton Bottoms that was produced using 
the September 6, 2000 ETM+ data shows additional areas 
of cottonwoods/willows (fig. 7). The total area of cotton-
woods/willows increased from 487 ha to 614 ha (table 2). The 
majority of change occurred on the northern end of Overton 
Bottoms and along the margin of the large area of bare ground 
southeast of I-70 (fig. 7). The total area of cottonwoods/wil-
lows also increased on Tadpole Island, and a new area of bare 
ground can be seen on the northern end of Overton Bottoms 
(figs. 7 and 8). This new area of bare ground is a side channel 
that was being constructed by the USACE in 2000. The con-

struction activity increased the total area of bare ground from 
66 ha in September 1998 to 90 ha in September 2000 (table 3).

In addition, a new road constructed on the northwest part 
of the bottoms west of Missouri Route 98 is shown on figures 
7 and 8. This new road increased the total area of roads from 
51 ha in September 1998 to 61 ha in September 2000. The 
total area of water increased by 1 ha because a small flood-
plain depression on the northwestern part of the bottoms was 
inundated when the ETM+ data were acquired. The construc-
tion of the side-channel chute by the USACE on the Overton 
Bottoms North Unit also reduced the total area of mature trees 
by 2 ha, which became bare ground or weeds/forbs/grasses. 
The weeds/forbs/grasses class continued to be the most abun-
dant land-cover class in September 2000 (table 2). A large area 
near the central part of Overton Bottoms that was classified as 
agricultural fields in September 1998 changed to weeds/forbs/
grasses in September 2000 (fig. 8). Similarly, 6 ha of bare 
ground, 2 ha of cottonwoods/willows, and 1 ha of mature trees 
changed to weeds/forbs/grasses between September 1998 and 
September 2000 (table 3).

The map of Overton Bottoms that was produced using the 
September 4, 2002 TM data (fig. 9) shows continued changes 
in land cover compared to the map of land cover in 2000 (fig. 7). 
A particularly interesting area is the long linear area of bare 
ground that borders agricultural fields through the central part 
of Overton Bottoms shown on figures 9 and 10. This area of 
bare ground is the result of the construction associated with 
the relocation of a levee by the USACE. Similarly, the area 
of bare ground shown in figures 7 and 8 that was cleared to 
construct the side-channel chute on Overton Bottoms North 
Unit changed to weeds/grasses/forbs. A second notable change 
is the increased area of cottonwoods/willows on the northern 
end of Overton Bottoms North Unit, and on Hickman and 
Tadpole Islands. There also are more cottonwoods/willows 
areas replacing weeds/forbs/grasses along the western margin 
of the bare ground area to the southeast of I-70 and occupying 
narrow linear areas along the western side of the northwestern 
part of the bottoms. Overall, the area of cottonwoods/willows 
increased from 614 ha in September 2000 to 702 ha in 2002 

Land-cover Class 1��� 1��� 1��� 2000 2002

(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Water 112 5 112 5 112 5 113 5 119 5

Bare ground 139 6 99 4 66 3 90 4 114 5

Weeds/forbs/grasses 1,276 54 1,167 50 969 41 907 38 854 36

Cottonwoods/willows 72 3 248 10 487 21 614 26 702 30

Mature trees 228 10 228 10 228 10 226 10 223 9

Agricultural fields 470 20 443 19 435 18 337 14 275 12

Roads 51 2 51 2 51 2 61 3 61 3

Total 2,348 2,348 2,348 2,384 2,348

Table 2.  Area totals and proportional abundance for each land-cover class by year.

[ha, hectare; %, percent]
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Water Bare 
Ground

Weeds/forbs/ 
grasses

Cottonwoods/
willows

Mature  
trees 

Agricultural  
fields 

Roads Totals

1��� 1���
Water (1994) 112 0 0 0 0 0 0 112

Bare ground (1994) 0 90 38 10 0 1 0 139

Weeds/forbs/grasses (1994) 0 9 1105 162 0 0 0 1,276

Cottonwoods/willows (1994) 0 0 0 72 0 0 0 72

Mature trees (1994) 0 0 0 0 228 0 0 228

Agricultural fields (1994) 0 0 24 4 0 442 0 470

Roads (1994) 0 0 0 0 0 0 51 51

Total (1996) 112 99 1,167 248 228 443 51 2,348

1��� 1���
Water (1996) 112 0 0 0 0 0 0 112

Bare ground (1996) 0 56 27 16 0 0 0 99

Weeds/forbs/grasses (1996) 0 10 934 223 0 0 0 1167

Cottonwoods/willows (1996) 0 0 0 248 0 0 0 248

Mature trees (1996) 0 0 0 0 228 0 0 228

Agricultural fields (1996) 0 0 8 0 0 435 0 443

Roads (1996) 0 0 0 0 0 0 51 51

Total (1998) 112 66 969 487 228 435 51 2,348

2000 1���
Water (1998) 112 0 0 0 0 0 0 112

Bare ground (1998) 1 54 6 5 0 0 0 66

Weeds/forbs/grasses (1998) 0 24 801 135 0 0 9 969

Cottonwoods/willows (1998) 0 11 2 474 0 0 0 487

Mature trees (1998) 0 1 1 0 226 0 0 228

Agricultural fields (1998) 0 0 98 0 0 337 0 435

Roads (1998) 0 0 0 0 0 0 51 51

Total (2000) 113 90 907 614 226 337 61 2,348

2002 2000
Water (2000) 113 0 0 0 0 0 0 113

Bare ground (2000) 0 42 42 6 0 0 0 90

Weeds/forbs/grasses (2000) 3 39 779 83 0 3 0 907

Cottonwoods/willows (2000) 0 1 2 611 0 0 0 614

Mature trees (2000) 0 3 0 0 223 0 0 226

Agricultural fields (2000) 3 29 31 2 0 272 0 337

Roads (2000) 0 0 0 0 0 0 61 61

Total (2002) 119 114 854 702 223 275 61 2,348

2002 1���
Water (1994) 112 0 0 0 0 0 0 112

Bare ground (1994) 0 32 29 77 0 0 1 139

Weeds/forbs/grasses (1994) 2 22 709 531 0 3 9 1,276

Cottonwoods/willows (1994) 0 0 0 72 0 0 0 72

Mature trees (1994) 0 3 1 1 223 0 0 228

Agricultural fields (1994) 4 56 116 21 0 273 0 470

Roads (1994) 0 0 0 0 0 0 61 51

Total (2002) 119 114 854 702 223 275 61 2,348

Table 3. Specific area total changes for each land-cover class per year on Overton Bottoms North. The columns list the land-cover 
class area total for one year; the rows list the land-cover class and area total for the previous year. For example, the total area of bare 
ground was 139 ha in 1994. By 1996, 90 ha remained bare ground, but 38 ha became weeds/forbs/grasses, 10 ha became cottonwoods/
willows, and 1 ha became agricultural fields. 
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Figure 2. Overton Bottoms showing land-cover classes derived from Landsat TM-5 data acquired September 19, 1994.
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Figure 3. Overton Bottoms showing land-cover classes derived from Landsat TM-5 data acquired September 3, 1996.
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Figure �. Overton Bottoms showing the change in vegetation and land-cover classes that occurred between 
September 19, 1994 and September 3, 1996.  Areas where the vegetation and land-cover classes did not change are 
uncolored.  Areas where they did change are shown in the color of the vegetation and land-cover class that they 
became.
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Figure �. Overton Bottoms showing seven vegetation and land-cover classes derived from TM-5 data acquired 
September 9, 1998.
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Figure �. Overton Bottoms showing the change in vegetation and land-cover classes that occurred between 
September 3, 1996 and September 9, 1998. Areas where the vegetation and land-cover classes did not change are 
uncolored.  Areas where they did change are shown in the color of the vegetation and land-cover class that they 
became.
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Figure �. Overton Bottoms showing seven vegetation and land-cover classes derived from ETM+ data acquired  
September 6, 2000.
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Figure �. Overton Bottoms showing the change in vegetation and land-cover classes that occurred between 
September 9, 1998 and September 6, 2000.  Areas where the vegetation and land-cover classes did not change are 
uncolored.  Areas where they did change are shown in the color of the vegetation and land-cover class that they 
became.
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Figure �. Overton Bottoms showing seven vegetation and land-cover classes derived from TM-5 data acquired  
September 4, 2002. 
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Figure 10. Overton Bottoms showing the change in vegetation and land-cover classes that occurred between 
September 6, 2000 and September 4, 2002.  Areas where the vegetation and land-cover classes did not change are 
uncolored.  Areas where they did change are shown in the color of the vegetation and land-cover class that they 
became.
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Table �. Total perimeter length for each land-cover class per year.

[values are in meters]

Land-cover Class 1��� 1��� 1��� 2000 2002

Water 50,400 50,400 50,400 50,700 53,820
Bare ground 27,360 19,860 21,060 26,700 35,280
Weeds/forbs/grasses 107,100 115,140 115,920 115,500 136,740
Cottonwoods/willows 28,320 57,540 86,220 103,620 119,820
Mature trees 62,220 62,220 62,220 61,860 60,780
Agricultural fields 28,380 27,900 27,840 29,700 31,740
Roads 31,200 31,200 31,200 37,620 37,620
Total 334,980 364,260 394,860 425,700 475,800

(table 2). Of the total, 6 ha had been bare ground, 83 ha had 
been weeds/forbs/grasses, and 2 ha had been agricultural fields 
in September 2000 (table 3).

The total area of water increased 6 ha from 113 ha in 
September 2000 to 119 ha in September 2002. This change 
occurred within the area on Overton Bottoms where the levee 
had been relocated. Weeds/forbs/grasses continued to be the 
most abundant land-cover class in September 2002 (table 2). Of 
the total, 42 ha had been bare ground, 2 ha had been cotton-
woods/willows, and 31 ha had been agricultural fields in Sep-
tember 2000 (table 3). The total area of mature trees decreased 
from 226 ha in 2000 to 223 ha in 2002, and the total area of 
agricultural fields was reduced from 337 ha in 2000 to 275 
ha in 2002. Changes in the total area of water, weeds/forbs/
grasses, mature trees, and agricultural fields were all associ-
ated with the relocation of the levee.

The most notable change in land cover that occurred on 
Overton Bottoms between September 1994 and September 
2002 was the increase in the total area of cottonwoods/willows 
from 72 ha in 1994 to 702 ha in 2002 (table 3; figs. 11, 12A, 
12C). Most of this change occurred on the northern part of 
Overton Bottoms, and on Hickman and Tadpole Islands (fig. 
11). Between September 1994 and September 2002, 77 ha of 
bare ground, 531 ha of weeds/forbs/grasses, 1 ha of mature 
trees, and 21 ha of agricultural fields changed to cottonwoods/
willows (table 3). Bottomland hardwood trees have also been 
planted in parts of Overton Bottom North and South, but these 
plantations were not developed sufficiently to be identified on 
the multispectral imagery.

The second major change is the reduction of agricultural 
fields from 470 ha in 1994 to 275 ha in 2002 (table 2). Most of 
this change occurred between 1998 and 2000 when 98 ha were 
converted to weeds/forbs/grasses, and between 2000 and 2002 
in association with the relocation of the levee. The third most 
notable change occurred with weeds/forbs/grasses. The total 
area of this class decreased from 1276 ha in 1994, to 855 ha 
in 2002. This change occurred across the entire bottom, with 
531 ha becoming cottonwoods/willows, and 22 ha becoming 
bare ground, the latter of which was largely because of the 

construction associated with the relocation of the levee by the 
USACE (table 3).  

Changes in perimeter–or edge length–have accompanied 
changes in area between 1994 and 2002 (table 4; fig. 12B). 
Overall, the total length of the perimeters increased from 
334,980 m in 1994 to 475,800 m in 2002. As with area, the 
length of the perimeters of weeds/forbs/grasses and cotton-
woods/willows changed the most. Both increased, although 
the cottonwoods/willows changed more. The total length of 
the perimeter of water increased slightly in 2000 and again in 
2002. The total perimeter of roads also increased slightly in 
2000 and again in 2002, whereas the total perimeter of mature 
trees decreased slightly in 2000 and again in 2002.

Processes and Implications of Land-
Cover Change at Overton Bottoms

The flood plain of the Lower Missouri River is a dynamic 
landform that has been shaped by a variety of natural pro-
cesses and human activities. Complex interactions among 
these processes and activities have affected the structure, 
dynamics, and composition of its habitats. In the absence of 
human activities, flood-plain vegetation classes will occupy 
sites suitable to their class-specific requirements. The distribu-
tion and succession of vegetative land cover observed on Over-
ton Bottoms from 1994 to 2002 are consistent with general 
patterns observable at other sites along the Lower Missouri 
River: bare ground is first occupied by weeds/forbs/grasses, 
and subsequently, depending on site-specific circumstances, 
by cottonwoods/willows and mature trees. Certainly, human 
activities affect the patterns of vegetative land-cover distribu-
tion or succession, such as the construction associated with the 
relocation of a levee by the USACE on Overton Bottoms. Bare 
ground replaced agricultural fields during construction, which 
was subsequently replaced by weeds/forbs/grasses after the 
construction was completed.



Chapter � – Land Cover  ��

Similarly, natural processes and associated landforms 
seem to affect the distribution or succession of vegetative land-
cover classes. Flood-plain depressions associated with channel 
meandering, abandonment, and filling are likely to support 
a much different assemblage of plants than natural levees or 
sand splays associated with channel avulsions (for example, 
Heimann and Mettler-Cherry, 2004; Hupp and Osterkamp, 
1996; Scott and others, 1996). The distribution of cotton-
woods/willows on Overton Bottoms between 1994 and 2002 
suggests a relation between the distribution or succession of 
vegetative land-cover classes and Lower Missouri River land-
forms. While the total area of cottonwoods/willows increased 
from 72 ha in 1994 to 702 ha in 2002, the increase was not 
uniform across Overton Bottoms, but limited to specific areas 
on the flood plain. Most notable are those areas that are adja-
cent to the river, unprotected by levees, and undisturbed by 
human activities.

A more specific example of the interdependence of the 
distribution of cottonwoods/willows and landform can be seen 
on the western side of Overton Bottoms. Along the valley wall 
northwest of I-70 there are a series of curvilinear polygons 
of cottonwoods/willows (figs. 7 and 8). Their location cor-
relates well with channel fill allounits mapped by Holbrook 
and others (this volume, chapter 2, fig. 3). The resolution of 
the satellite imagery is coarser than the typical width of these 
features. However, the shape of the polygons mimics the shape 
of several secondary channels mapped by Holbrook suggesting 
a land-cover/landform relation between cottonwoods/willows 
and filled channels.  

This relation likely is dependent on the structure and 
composition of the channel fill features. Channel-fill allounits 
tend to occupy low areas on the flood plain, and are U-shaped 
in cross section and filled with fined-grained low permeability 
strata with internal bedding that is concave up. This structure 
slows the infiltration of surface water sufficiently to cause 
water to collect at the surface. The cottonwoods/willows land-
cover class has expanded along these features since 1994. This 
preferential pattern of occupation can be seen by comparing 
the distribution pattern of cottonwoods/willows from 1994 
through 2002 to the surfical alluvium map of the area (this vol-
ume, chapter 2, fig. 2). 

Vegetation community distributions and locations of 
change also relate broadly to land-surface altitude, presumably 
through controls on ground-water availability. In the Overton 
Bottoms North Unit, low-lying land surfaces adjacent to the 
channel on the north and northwest consistently show shal-
lower depths to ground water compared to areas closer to I-70 
(Kelly, this volume, chapter 3, figs. 10–12). As shown in the 
land-cover maps, the lower areas have preferentially grown up 
in the cottonwoods/willows community while the higher areas 
with deeper ground water are dominated by the weeds/forbs/
grasses class (figs. 2, 3, 5, 7, 9, 11). 

The only locations with relatively deep ground-water 
table and cottonwoods/willows growth are curvilinaer channel-
fill areas (fig. 9) where depth to ground water is presumably 

less and water retention is probably greater than surround-
ing areas. Adjacent areas mapped as point-bar allounits have 
persisted in weeds/forbs/grasses presumably because point-
bar allounits are not as effective in retaining water near the 
surface. Point-bar allounits typically include inter-bedded and 
inclined permeable sand and mud that direct water down and 
away from the surface. Weeds/forbs/grasses appear to be more 
tolerant of this situation than cottonwood or willow seedlings. 
In each of his scenarios, Kelly’s figures 10–15 (this volume, 
chapter 3) show lower estimated depths to ground water adja-
cent to I-70 where it crosses Overton Bottoms.  

With time, cottonwoods/willows likely will occupy more 
of Overton Bottoms if trends of the last 10 years continue (fig. 
12). During 1994–2002 cottonwoods/willows expanded at 
the expense of weeds/forbs/grasses so now each class covers 
approximately one-third of the Overton Bottoms area (fig. 
12A). 

Mature forest community, agricultural land, bare ground/
sand, and water classes occupy the last one-third of area 
within the conservation areas. Rates of change of total area of 
cottonwoods/willows and weeds/grasses/forbs have slowed 
since 1998. As the area of cottonwoods/willows has increased 
at the expense of the weeds/forbs/grasses class, the total edge 
of these two classes has increased (fig. 12B). This trend is 
indicative of complex intergrowth of patches, in part result-
ing from preferential growth of cottonwoods/willows along 
arcuate channel fills. The trend in total core area (area within a 
30-m edge buffer around each patch) is similar to percent area 
in each class (fig. 12C). Mean core area per patch has been 
decreasing markedly for weeds/forbs/grasses and increasing 
modestly for cottonwoods/willows (fig. 12D).  

These changes in patch characteristics may have implica-
tions for habitat quality and quantity for wildlife at Overton 
Bottoms. Growth of flood-plain forest has been associ-
ated with increase of smaller, more scattered patches on the 
Wisconsin River flood plain (Freeman and others, 2003). 
These authors noted that increased core patch size is often 
associated with increased species richness of forest birds (for 
example, Robbins and others, 1989; Freemark and Merriam, 
1986, Yahner and Scott, 1988). However, similar to Overton 
Bottoms, the Wisconsin River example indicated that forest 
patches were growing in convolute shapes with abundant edge. 
While edge has often been considered to increase wildlife 
habitat value (Leopold, 1933; Logan and others, 1985), forest 
edges also have been associated with increased predation of 
some bird species (Paton, 1994). Hence, changes in patch 
size and shape at Overton Bottoms will probably continue 
to have substantial effects on habitat quality and availability, 
but assessment is required on a species by species basis. The 
underlying template of surficial geology and topography will 
likely continue to influence a complex spatial pattern of land-
cover patches.
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Figure 11. Overton Bottoms showing the change in vegetation and land-cover classes that occurred between 
September 19, 1994 and September 4, 2002.  Areas where the vegetation and land-cover classes did not change are 
uncolored.  Areas where they did change are shown in the color of the vegetation and land-cover class that they 
became.
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Conclusions
This investigation demonstrated that Landsat TM satellite 

image data can be used to map and monitor the spatial and 
temporal distribution of general land-cover classes along the 
Lower Missouri River. General patterns observed between 
1994 and 2002 are consistent with vegetation succession at 
other sites along the Lower Missouri River, and there appears 
to be a strong relation between physical processes and the 
distribution of vegetative-land cover on the flood plain. 

This study has also documented a relation between the 
distribution of flood-plain land cover and flood-plain land 
form. This is important to natural resource managers who are 
interested in rehabilitating or re-establishing specific flood-
plain habitats along the Lower Missouri River. This project 
has shown that land-cover distribution patterns are affected by 
underlying allostratigraphic structures. 

Knowing one can help predict the occurrence of the other. 
Approximately 25 years of TM data is available to map the 
spatial and temporal distribution of vegetation and general 
land use of the Lower Missouri River Valley. At sites like 
Overton Bottoms, land-cover changes can be mapped and 
analyzed, and used to monitor land-use management strate-
gies and practices, or combined with geologic and hydrologic 
data to identify sites that are suitable for habitat restoration or 
rehabilitation.

Additional studies, using higher resolution image data 
should be conducted to refine our understanding of the rela-
tionships between landform, landform processes, and land 
cover. Our understanding can be further refined by incorporat-
ing high-resolution terrain data to look at site-specific surface 
features, such as the surface expression of filled channels, or 
small meander-scroll depressions. It would also be useful to 
continue monitoring Overton Bottoms to determine if land-
cover trends conform to habitat management objectives. The 

Figure 12. Patch characteristics of Overton Bottoms land-cover classes.  A. Changes in area of cottonwoods/willows and 
weeds/forbs/grasses classes through time as percent of total area in conservation areas.  B. Changes in edges of cottonwoods/
willows and weeds/forbs/grasses classes through time as total edge length.  C. Changes in core area in cottonwoods/willows and 
weeds/forbs/grasses classes through time as total core area.  D. Changes in core area in cottonwoods/willows and weeds/forbs/
grasses classes through time as mean core area per patch. 
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increase in the total edge of the weeds/forbs/grasses and cot-
tonwoods/willows suggest increasing complexity of the edges 
of these land-cover classes. Additional monitoring is required 
to document trends in these relations and assess effects on 
wildlife.
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Chapter 5
Cottonwood (Populus deltoides) Growth Response  
to Hydrologic Alteration, Overton Bottoms North,  
Missouri River Flood Plain

bilitation actions may serve to enhance or diminish conditions 
conducive to survival. The constructed side-channel chute at 
the Overton Bottoms North Unit, Big Muddy National Fish 
and Wildlife Refuge, presented an opportunity to address the 
linkage between altered hydrology and effects on cottonwood 
growth in a relatively controlled field setting. In particular, we 
addressed the question of whether the chutes’ evident effect on 
ground-water altitudes serves to enhance or diminish cotton-
wood growth.

Background

Riparian vegetation communities are thought to be 
structured by fluvial dynamics–flooding, erosion, and sedi-
ment deposition–which affect all aspects of riparian species’ 
life-histories (Brinson, 1990; Mitsch and Gosselink, 2000; 
Decamps, 1997). Fluvial dynamics determine the type and size 
of regeneration sites, influence seedling and adult mortal-
ity, control water relations of the vegetation community, and 
influence availability of nutrients. In addition to dynamics 
associated with floods, riparian vegetation communities can 
also be stressed by lack of adequate moisture. This can occur 
during periods of natural drought (Reily and Johnson, 1982), 
because of anthropogenic changes in stream discharge (Rood 
and Mahoney, 1990; Segelquist and others, 1993), and due to 
changes in channel morphology (Scott and others, 2000).

Water stress has important implications for plant commu-
nities because it is probably the most limiting factor in plant 
growth (Kramer and Boyer, 1995). In riparian systems, water 
stress can be the result of both low- and high-water condi-
tions; in this paper we are concerned primarily with water 
stress induced by low-water conditions. Low-water conditions 
induce water stress in plants when ground-water depths fall 
below a plant’s rooting zone. This results in low levels of soil 
water potential. As soil moisture declines, water molecules 
adhere to themselves and soil particles, thereby hindering the 
continued flow of water into plants (Kozlowski and Pallardy, 
1997). 

 
 

Abstract
Cottonwood (Populus spp.) regeneration in arid and semi-

arid regions of North America is a major concern because 
of documented population declines in the species. Declines 
have been associated with changes in flow regulation, or the 
lowering of ground-water altitudes due to flow regulation, 
or changes in channel morphology. This study assesses the 
potential impact of a constructed side-channel chute on cot-
tonwood growth on the Missouri River flood plain in central 
Missouri. Dendrobands were placed on 75 trees across three 
transects and growth was measured each week June–Septem-
ber, 2004. Changes in growth rate were related to environmen-
tal attributes at each site. We hypothesized that an excavated 
side-channel chute would lower ground-water levels causing 
water stress in the cottonwood communities. Alternatively, we 
also hypothesized that the side-channel chute could provide 
enhanced ground-water recharge during periods of high river 
discharge. We found that increases in basal area were greater 
at sites closer to either the channel or the Missouri River, 
suggesting that the side-channel chute is affecting cottonwood 
growth by recharging ground-water levels during periods of 
high discharge. Temporal variations in growth rates were not 
apparent due to air temperature, solar radiation, or rainfall, and 
spatial variations did not relate to stand density.

Introduction
Declines in cottonwood communities throughout arid and 

semi-arid areas of the United States have prompted extensive 
research on the conditions necessary for regeneration and sur-
vival (Johnson, 2002; Shafroth and others, 2002). As obligate 
riparian species, cottonwood regeneration and survival have 
been linked to fluvial processes of erosion, deposition, flood-
ing, and drought stress. Changes in these processes by reha-
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Plant water stress potentially leads to several different 
responses. Most woody plants have an evolutionary strategy 
of desiccation avoidance with the most prevalent response 
in woody plants being the closure of stomata on leaves. This 
increases leaf water potential resulting in the decline of water 
movement through the plant. The reduction in transpiration 
comes at a physiological cost to the plant because carbon 
dioxide (CO

2
) also must enter the leaves through the stomata. 

The decrease of CO
2
 entering the plant results in the reduction 

of photosynthesis, which has important implications for plant 
survival, growth, and competition. Plants have been found to 
respond to changes in water status through changes in carbon 
allocation; species in regions with high drought stress have 
high ratios of root carbon to stem carbon (Keyes and Grier, 
1981).

The family Salicaceae, of which the genus Populus is a 
member, is thought to have evolved in response to the annual 
spring rise found on large rivers throughout the northern 
hemisphere (Karrenberg and others, 2002). Eastern cotton-
wood (Populus deltoides) is found throughout the midwest 
and southeastern U.S. along all major rivers and their tributar-
ies. They survive on deep infertile soils with ground-water 
altitudes typically 0.6–1.8 m (meters) below the surface and 
rarely occur as well-formed trees at altitudes more than 5–7 m 
higher than average stream stage. Cottonwood seedling disper-
sal starts in May in the South and June in the North, continu-
ing through mid-July in both regions (Burns and Honkala, 
1990). Cottonwoods are prolific seeders with over 48 million 
seeds estimated on one tree. Cottonwood seeds are light and 
can disperse seeds over 30 m through the air (Johnson, 1965), 
or over much greater distances by water. Cottonwood germina-
tion is thought to be dependent on flooding to provide a bare-
mineral soil substrate for the very shade-intolerant cottonwood 
seedlings (Karrenberg and others, 2002). The combination of 
seed-release coordinated with spring floods, large quantities 
of seedlings, high dispersal rates, and high shade intolerance 
is thought to be an evolutionary response to the depositional 
features created by the annual spring floods in most northern 
hemisphere rivers (Karrenberg and others, 2000).

Carbon allocation in cottonwoods is thought to be con-
centrated in roots (Woolfolk and Friend, 2003), at least in the 
early stages of life. Cottonwood seedling roots must grow to 
maintain contact with the ground water as the flood waters 
recede. Roots of first-year seedlings may grow as much as 1 
m by the end of the growing season (Segelquist and others, 
1993). As the seedlings develop, carbon allocation may be 
shifted to the stem (Coleman and others, 2004); as a shade 
intolerant species, competition for light requires rapid height 
growth. After the seedling stage, tree stem growth is a good 
measure of water stress because the stem receives the last 
investments of carbon allocation (Bloom and others, 1985).

Riparian cottonwood (Populus ssp.) communities 
throughout the arid and semi-arid west have undergone major 
shifts in species composition and areal extent, attributed to 

changes in hydrology (Rood and Mahoney, 1990; Johnson, 
1994; Scott and others, 1997, Johnson, 2002; Shafroth and 
others, 2002). Cottonwood survival appears to be limited 
by different mechanisms among the studied river systems 
(Segelquist and others, 1993). In northern climates, cot-
tonwood regeneration may be constrained by whether seeds 
are deposited high enough above the channel to avoid winter 
ice-scouring (Johnson, 1994; Scott and others, 1997; Auble 
and Scott, 1998). In other areas, cottonwood seedling sur-
vival is thought to be more strongly limited by decreased 
ground-water levels causing cavitation of the xylem (Rood 
and Mahoney 1990; Tyree and others, 1994). These authors 
provide evidence that the gradual decline of stream discharge 
after flooding allows the growing root system to maintain con-
tact with the ground water and avoid cavitation. Water man-
agement projects, such as diversion for irrigation, can result 
in rapid decreases in flow and ground-water altitudes, causing 
drought mortality both in seedlings and adults (Tyree and oth-
ers, 1994). Drought mortality can also have climatic causes. 
For example, Albertson and Weaver (1945) documented the 
effects of the 1930’s drought on riparian communities; they 
found over 80 percent mortality of cottonwoods along a small 
stream in Kansas.

Purpose and Scope

The engineered side-channel chute at the Overton Bot-
toms North Unit, Big Muddy National Fish and Wildlife 
Refuge (fig. 1), presents a field-based opportunity to investi-
gate the connections between ground-water and cottonwood 
growth. Ground-water dynamics are dependent on many 
factors such as the source of water, soil texture and stratifica-
tion, and site geomorphology. In the case of the side-channel 
chute at Overton Bottoms North, geomorphology has been 
dramatically changed by excavation of the side-channel chute 
(Jacobson, this volume, chapter 1). We hypothesize that con-
struction of the side-channel chute may have affected ground-
water/cottonwood community connections in two ways: 
(a) lowering of ground-water levels due to enhanced drainage 
to the chute may lead to increased moisture stress in the com-
munities adjacent to the chute (the “edge effect”), or (b) with 
high discharges, the chute may provide enhanced recharge of 
ground water with consequent increases of growth adjacent to 
the chute.  

This field-based investigation explores these hypotheses 
within the Missouri River valley-bottom landscape. The intent 
is to increase understanding of the relative effects of geo-
morphology, ground-water flow, surface-water flow, surficial 
geology, climatic events and intra-community competition on 
cottonwood growth. While this study is not intended to define 
relations with statistical rigor, we hope that the understanding 
developed will provide guidance for adaptive management 
decisions and motivation for more rigorous testing of these ideas.  



Chapter � – Cottonwood Growth   ��

Methods
Cottonwood growth was evaluated during summer 2004 

on transects aligned perpendicular to the Overton Bottoms 
North side-channel chute (fig. 1). Data collection was coor-
dinated with hydrologic and surficial geologic assessments 
in order to provide the most context to explain cottonwood 
growth rates.  

Sampling plots were laid out along three transects (fig. 1, 
table 1). These transects are labeled as west, central, and east; 
the east and central transects are on the island created by the 
chute, while the west transect is on the mainland. Plot loca-
tions were mapped in the field with a handheld global posi-
tioning system (GPS) unit with typical accuracy of ±5 m. Plots 
were evaluated for inclusion in the study based on the follow-
ing criteria: (1) the majority of the canopy had to be eastern 
cottonwood, (2) there were at least five cottonwoods with 
different diameters at breast height (dbh) ranging from 9–30 
cm (centimeters) within a 10 m2 (square meters) area, and (3) 
plots were located along the pre-determined transect. Fifteen 
plots were selected with nominal spacing at 100 m intervals 
(fig. 1, table 1); however, intervals were varied to ensure that 

plots were centered in cottonwood patches. For example, on 
the east transect spacing varied from 50 to 150 m to avoid 
patches of black willow (Salix nigra) trees.

Dendrobands were used to measure variation in cotton-
wood growth during the study. Dendrobands are simply thin 
stainless-steel bands that can be wrapped around a tree stem 
to measure variation in circumference over time (Cattelino 
and others, 1986; fig. 2). A spring keeps the dendroband under 
tension, and a caliper is used to measure changes in tree girth 
(circumference). Dendrobands were placed on five cottonwood 
stems per plot. Trees were selected based on three criteria: 
(1) the crown had to be in the canopy, (2) the trees had no 
signs of physical or insect damage, and (3) trees had a range of 
diameters. In addition, initial and final dbh were recorded on 
all trees selected for dendrobands.  

Dendrobands were measured each week from June 21, 
2004 to September 21, 2004, with a final measurement on 
October 5, 2004. The measurements were taken in an estab-
lished plot order between 7:00 a.m. and 1:00 p.m., with the 
exception of the first week when bands were being applied 

Figure 1. Location of the Overton Bottoms North Unit, Big Muddy National Fish and Wildlife Refuge, showing cottonwood 
growth-rate sampling transects, plot locations, and ground-water well and river-stage measurement locations.   
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Figure 2. Growth-rate measurements.  A. Typical plot showing 
density of cottonwood and trees selected for measurement.   
B. Dendroband and measurement with calipers. 

(8:00 a.m.–6:00 p.m.) and August 24 when access to the site 
was not available until the afternoon (12:00–6:00 p.m.).

Increases in circumference were measured and converted 
to basal area and basal area increments (BAI) were used to 
estimate the percentage of growth in the sampled cottonwoods. 
To estimate the weekly BAI, the starting dbh was converted 
to a tree circumference and the weekly increase or decrease in 
the dendroband was added to this circumference. The circum-
ference was then converted into the basal area for the tree that 
week and the previous week’s basal area was subtracted from 
it.

Because basal area growth can also vary with competi-
tion among trees for light, water, or other resources, we also 
assessed total basal area and number of trees/ha (hectare) for 
each plot with dendrobands. The variable area plot method 
was used with the plot center chosen to incorporate all trees 
with dendrobands. Plot-scale basal area was estimated with 
a 10X meter prism and number of trees/ha was recorded in a 
5-m radius plot (78.54 m2). Both basal area and trees/ha were 
recorded by species (table 2).

For comparison with tree-growth rates, we also collected 
information on geomorphology, surficial geology, ground-
water and surface-water hydrology, and climate.  Surficial 
geologic and ground-water information was compiled from 
data presented in Holbrook and others (this volume, chapter 2) 
and Kelly (this volume, chapter 3). Surface-water hydrologic 

 
Table 1. Location data for growth-rate plots. 

[UTM, Universal Transverse Mercator; NAVD 88, North American Vertical Datum; m, meters; cm, centimenter]

Transect Plot Label

East  
UTM  
(m)

North 
UTM 
(m)

Surface 
altitude, 
NAVD ��,

(m)

Distance 
to chute

(m)

Distance 
to river

(m)

Shorter 
distance 
to water

(m)

West 1W 536846 4312804 176.9 265 551 265

2W 536894 4312892 176.6 165 468 165

3W 536919 4312936 176.3 115 450 115

Central 1C 537579 4312798 176.4   75 765   75

2C 537615 4312892 176.8 175 665 175

3C 537651 4312985 177.0 275 565 275

4C 537686 4313079 177.0 375 465 375

5C 537722 4313172 176.9 475 365 365

6C 537758 4313265 177.0 575 265 265

7C 537794 4313359 176.9 675 165 165

East 1E 538064 4313096 176.4 465 285 285

2E 538068 4313046 176.2 415 335 335

3E 538075 4312946 176.1 315 415 315

4E 538086 4312796 176.7 160 505 160

 5E 538094 4312697 175.8   60 610   60
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data were compiled from Boonville, Missouri streamflow gage 
(USGS stream-gaging station number 06909000), 8-river km 
(kilometers) upstream; surface-water altitudes were extrapo-
lated to the study site based on regression models. Climatic 
data were compiled from the University of Missouri meteoro-
logical station at Sanborn Field, Columbia, Missouri, 20 km 
west of Overton Bottoms. The Sanborn Field site has a long, 
high-quality climatic record, but it is not a bottomland site; 
thus temperatures and solar radiation at Overton Bottoms may 
vary slightly from the values obtained from Sanborn Field.

Results and Discussion
The results of the study support the general hypothesis 

that ground-water changes associated with the side-channel 
chute can influence cottonwood growth. Generally synchro-
nous trends in growth rates, river discharge, and ground-water 
altitudes support the idea that water availability was a primary 
control on cottonwood growth (figs. 3, 4). Increased growth 
rates adjacent to the chute during the early part of the season 
when discharges were relatively high support the idea that the 
side-channel chute was a source for enhanced ground-water 
recharge that resulted in increased cottonwood growth (figs. 
5–8). Plots further from the channel had reduced growth rates 
during the same time period. Other spatial and temporal fac-
tors, including solar radiation, surficial geology, and density of 
stems in the plots, appear to have had secondary influences on 
growth rates.

Stem growth rates, averaged over all trees in the survey, 
showed an initial increase in late June, followed by a nearly 
steady decline toward an asymptote near zero, or slightly 
negative values, in early September (fig. 3A). The timing of 
the cessation of basal area growth is consistent with other 
studies that examined height growth in cottonwood seedlings. 
Pezeshki and Oliver (1985), for example, found that 88 per-
cent of height growth in black cottonwood (Populus tricho-
carpa) seedlings occurred by late July.  

The trend in decreasing growth rates is parallel to the 
general trend in decreasing river discharge and ground-water 
levels (fig. 3 and this volume, chapter 3). River discharge 
declined gradually throughout the summer. Water altitude 
in the side-channel chute averaged 174.2 m from June 21 to 
August 8, and the average declined to 173.2 m from August 8 
to September 21. Small floods interrupted this general trend; 
some of the floods were associated with local rainfall and 
some originated from rainfall upstream (fig. 3B). The most 
notable floods were in mid-June, just before we began to 
record growth rates, and August 24 to September 9 at the end 
of the experiment. Growth rates do not show any clear relation 
to air temperature or solar radiation events, which were highly 
variable during this time period. Incident solar radiation and 
average air temperature both show slight decreasing trends as 
would be expected from mid- to late-summer.

The three increases in growth rates during the study could 
correspond to transient increases in ground-water altitude or to 
local rainfall. It may be that the three distinct peaks in growth 
rates (G1–G3 on fig. 3A) are lagged responses to small rainfall 
and flood events (and subsequent ground-water recharge) in 

Table 2. Summary basal area and density data for growth-rate plots.

[m, meters; ha, hectare] 

Basal area (m2/ha) Number/ha

Cottonwood Boxelder
Black  

Willow Cottonwood Boxelder
Black  

Willow

Transect
Plot 

Label
Populus  

deltoides
Acer  

negundo
Salix  
nigra Total

Populus  
deltoides

Acer  
negundo

Salix  
nigra Total

West 1W  90  90 4,000    400 4,400

2W  70 10  80 2,700 4,700 7,400

3W  80 10  90 4,600 2,800 7,400

Central 1C 130 130 2,200 2,200

2C  80  80 3,200 3,200

3C  70  70 1,100 100 1,200

4C 120 10 130 1,100 600 1,700

5C 100 20 120 1,000 800 1,800

6C  70 10  80    800 600 1,400

7C 110 110 2,000 400 2,400

East 1E 160 160 4,700 4,700

2E 100 100 4,200 1,100 5,300

3E 110 110 3,600 3,600

4E 100 100 1,300 1,300

 5E 120   120 3,200   3,200
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Figure 3. Average cottonwood growth rates and environmental variables.  A. Total basal area 
increment and percent basal area increment weekly averages of all trees, all plots.  G1–G3 mark 
correlated cottonwood growth events.  B. River discharge at USGS stream-gaging station, number 
06909000, Boonville, Missouri (USGS, 2005), ground-water altitudes in wells 1 and 5 (Kelly, this volume, 
chapter 3), and daily precipitation at Sanborn Field, Columbia, Missouri (University of Missouri, 2005).  
H1–H3 mark specific hydrologic events.  C. Solar radiation and air temperature at Sanborn Field, 
Columbia, Missouri (University of Missouri, 2005).  
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mid-June, early-July, and early-August (H1–H3 on fig. 3B). 
Although it is impossible to separate the specific effects of 
local rainfall and river discharge in our dataset, the magni-
tude and timing of growth spikes appear to correlate better 
with river- and ground-water peaks than with local rainfall. 
A growth peak corresponding to the August 24–September 9 
flood is notably absent. The trees were probably finished with 
basal area growth by late August (Pezeshki and Oliver, 1985).

The transient increases in growth rates would be consis-
tent with the idea that cottonwood communities at Overton 
Bottoms North were undergoing water stress due to lowering 
of the ground-water altitude. Increased water stress led to 
lower basal growth rates as stomata closed and photosynthesis 
was limited by lack of CO

2
. Transient increases in ground-

water levels temporarily revived growth rates, as increased 
stomatal conduction allowed increased passage of CO

2
 into the 

leaves (Pallardy and Kolowski, 1981).
Ground-water levels never fell below expected maximum 

rooting depths of cottonwood trees during this experiment. 
Two-year old black cottonwood seedlings, for example, have 
been found to have rooting depths of over 3 m and maximum 
rooting depths probably exceed 7 m (Pregitzer and Friend, 
1996). These values are within the maximum depth of ground 
water (4.68 m) found at all well sites on the island at Overton 
Bottoms North (this volume, chapter 3). Although some roots 
probably maintain contact with ground water, trees typically 
have higher densities of roots in the upper levels of soil. For 
example, it is estimated that 80 percent of hybrid cottonwood 
roots were only 5 to 20 cm below the soil surface (Pregitzer 
and Friend, 1996). Thus it is probable that the higher ground-

water levels maintained adequate soil-water conditions in 
zones of higher root density, thereby allowing for higher water 
and carbon uptake.

Growth rates showed complex spatial and temporal 
relations to geomorphic position, surficial geology, and site 
hydrology (figs. 5–7). In all three transects, growth rates were 
increased closer to the water source (the side-channel chute 
or the Missouri River) during the early part of the experimen-
tal period, with the exception of 4C and 1E. During August 
and September, growth rates became more uniform and low 
along the transects, in some cases declining at sites closer to 
the water source. Temporal variability in growth rates is also 
evident when plot locations are evaluated by distance to the 
closest water source (side-channel chute or Missouri River, fig. 
8A–C). In general, these relations support the concept of an 
edge effect, in which the dominant influence of the side-chan-
nel chute is enhancement of tree growth through recharge of 
ground water during high river and chute discharge, and per-
haps diminished growth rates during periods of low discharge 
when the side-channel chute acts to increase ground-water 
drainage.

Changes in ground-water altitudes lag behind surface-
water altitudes and thereby tend to buffer surface-water 
influences (fig. 3B and this volume, chapter 3). During periods 
when surface-water altitudes in the side-channel chute and 
river were high, ground-water altitudes declined away from 
the river, possibly explaining the gradient of higher growth 
rates closer to the water source (fig. 6). In contrast, during 
periods when surface-water altitudes in the side-channel chute 
and river were low, ground water was “mounded” at higher 

Figure �. Growth rates of cottonwood by week for all plots on the central transect showing broadly synchronous trends.
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Figure �. East transect, showing water levels and weekly cottonwood growth rates (basal area increment as percent).  Section is 
oriented looking downstream.  Colors for water levels and growth rates generally correspond to date, with June water levels and 
growth rates depicted in cool (blue and green) colors, changing toward warm colors (yellow to red to black) for late summer to fall 
dates.  Silty-clay sediments indicated are fine channel-fill sediment from Holbrook and others, this volume, chapter 2.  Sediments 
between and below the silty-clay channel fills are dominantly sand.

altitudes in the alluvium, possibly explaining the lower growth 
rates of trees near the water source (figs. 6, 8).

Some of the spatial variation in growth rates may be 
explainable by variation in soils and surficial geology along 
the transects. As indicated in figures 5–7 and discussed in this 
volume, chapter 2, fine-grained (silt-clay) surficial geologic 
units (channel-fill allounits) occur preferentially in swales 
whereas sandy units (point-bar allounits) underlie ridges. 
The combination of surficial geology and spatially variable 
ground-water influence potentially confounds interpretation 
of the role of the side-channel chute. For example, elevated 
growth rates at the ends and in the middle of the central tran-
sect (fig. 6) could relate in part to fine-grained soils that would 
have higher moisture-holding capacity.  Surficial geologic 
controls are not as apparent on the east and west transects, 
however. We believe that the surficial geology is potentially a 
second-order influence on growth rates compared to ground-

water altitudes. The relative influence of these factors cannot 
be assessed further with our available datasets.  

The spatial trends in growth rate also do not appear to be 
the result of varying vegetation competition among the plots. 
There were two other tree species found on the plots: black 
willow and boxelder (Acer negundo). Basal area of all trees 
in the plot ranged from 70 m2/ha to 160 m2/ha, averaging 105 
m2/ha, with over 95 percent of this basal area cottonwood. The 
number of trees/ha ranged from 1,200 to 7,400 individuals/ha.; 
over 75 percent of these individuals were cottonwood. The 
mean number of trees/ha was 3,400. Growth rates gener-
ally increased as the number of trees/ha increased (fig. 5–9). 
The near-linear increase in growth rate with increase of stem 
density is inconsistent with intra- or inter-specific competition 
for light or other resources. This indicates that spatial variation 
in growth rates is unlikely to be related to variation in biotic 
interactions along the transects, and is much more likely to 
relate to site characteristics.  
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Figure �. Central transect, showing water levels and weekly cottonwood growth rates (basal area increment as percent). 
Section is oriented looking downstream.  Colors for water levels and growth rates generally correspond to date, with June water 
levels and growth rates depicted in cool (blue and green) colors, changing toward warm colors (yellow to red to black) for late 
summer to fall dates. Silty-clay sediments indicated are fine channel-fill sediment from Holbrook and others, this volume, chapter 
2.  Sediments between and below the silty-clay channel fills are dominantly sand.

 The association between cottonwood growth rates and 
ground-water levels might be explained in part by increased 
nutrient availability associated with the water rather than being 
a direct effect of water on transpiration. Several authors have 
suggested that nitrogen availability can be a substantial limit to 
cottonwood growth (Woolfolk and Friend, 2003; Coleman and 
others, 2004). Cottonwood growth in plantations, for example, 
has been found to correspond positively to nitrogen addi-
tions (Woolfolk and Friend, 2003). Under natural conditions, 
Harner and Stanford (2003) found that cottonwood grow-
ing in the gaining reach of a stream had twice the basal area 
of cottonwood growing in the upstream losing reach. They 
attributed this to greater nutrient concentration in the gaining 
reach where microbially-enhanced, nutrient-rich water came 
to the surface. We did not measure nutrients associated with 
surface and ground water for this study. Because the study 
transects are far from the valley wall and poorly connected to 
upland drainage by either surface- or ground-water flow paths, 

the Missouri River is the only substantive potential nutrient 
source. We believe that the generally high nutrient availability 
in midwestern rivers like the Missouri (Mitsch and others, 
2001) indicates that it is unlikely that nutrients are a limiting 
factor in cottonwood growth.

Another possibility is that growth rates responded to 
other variables that we did not measure. Consistency of time 
trends in growth rates among all plots (fig. 4) supports the idea 
that the primary factors affecting growth rate variability were 
relatively uniform across the plots. This broadscale consis-
tency points to hydrologic or climatic factors as the primary 
controls, although these broad-scale factors may be medi-
ated by plot-specific factors. However, the temporal patterns 
of growth were not clearly related to precipitation events or 
variability in temperature and solar radiation (fig. 3A, 3C). 
Spatial variations in growth rates relative to distance to water 
source support the inference that growth rates related directly 
to ground-water altitude. Ground water remains as the variable 
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Figure �. West transect, showing water levels and weekly cottonwood growth rates (basal area increment as percent).  
Section is oriented looking downstream.  Colors for water levels and growth rates generally correspond to date, with June 
water levels and growth rates depicted in cool (blue and green) colors, changing toward warm colors (yellow to red to black) 
for late summer to fall dates. Silty-clay sediments indicated are fine channel-fill sediment from Holbrook and others, this 
volume, chapter 2. Sediments between and below the silty-clay channel fills are dominantly sand.

most likely to explain both temporal and spatial trends we 
observed in cottonwood growth rates.

The effects noted in this field experiment should be inter-
preted within the context of the long-term hydrologic variabil-
ity of this portion of the Lower Missouri River. The summer of 
2004 was relatively wet and characterized by large fluctuations 
in discharge (fig. 10); the discharge was commonly greater 
than the long-term daily median and events in mid-late May 
and late-July exceeded the 10th percentile of flow for that time 
of year. Although our results indicate that the side-channel 
chute provided enhanced ground-water recharge and conse-
quent increases in cottonwood growth rates during this study, 
these results should not be extended to predict effects in a low-
discharge year. Low-water conditions during this study only 
occurred after significant growth had stopped, so the effects of 
low water during the early part of the growing season cannot 
be assessed.  Possibly, low water during the early part of the 
growing season might have had the opposite “edge effect” in 
which water stress and low growth would be more prevalent 

adjacent to the side-channel chute.  Alternatively, in years with 
extended periods of high discharge, the chute could reduce 
cottonwood growth due to root hypoxia, which limits water 
uptake in plants.  Results of ground-water monitoring over a 
multi-year timeframe (this volume, chapter 3) indicate that 
the overall trend has been for the side-channel chute to lower 
ground-water altitudes.  

Conclusions
The results from this study support the hypothesis that 

during periods of high-river flow, the side-channel chute 
recharges ground water and enhances cottonwood growth.  
Cottonwood growth was found to be higher in plots closer to 
the river or side-channel chute. Cottonwood growth followed 
the decline of river and ground-water altitudes, and periods of 
increased water height were followed by periods of increased 
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Figure �. Basal area incremental growth rates as a function of distance from the nearest water 
source, either the Missouri River channel or the side-channel chute.  Linear regression model lines 
are shown for approximately every other week to illustrate trend from higher growth rates nearest the 
water source early in the season to spatially uniform low rates late in the season.
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Figure �. Relation between growth rate and density of individual trees 
in plots.  The increase in growth rate with increasing density indicates a 
dominant site environmental control on growth rates rather than a light 
competition effect, which would have a inverse relation.

Figure 10. Missouri River discharge during 2004 compared to historical flow durations.  2004 was a relatively 
wet year, with daily discharges exceeding the 25 percent flow exceedance multiple times during the growing 
season.  
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cottonwood growth. In addition, variation in cottonwood 
growth could not be attributed to differences in air tempera-
ture, solar radiation, or competition for light.

Conclusions drawn from this study need to be considered 
in the context that the study occurred only for one, unusu-
ally wet season. The following year, 2005, the Missouri 
River basin experienced an extensive drought which could 
have altered the results of this study. For example, low river 
discharge may have resulted in the plots closest to the chan-
nel having the lowest growth rates due to the “edge” effect. 
However, the general conclusion that the side-channel chute 
is instrumental in altering ground-water levels and affecting 
cottonwood water relations would still be valid.

The side-channel chute was designed to provide more 
shallow-water habitat in the Missouri River flood plain, 
mainly to promote recovery of native and endangered aquatic 
species. While the alteration of ground-water flow has the 
potential to adversely affect riparian vegetation communi-
ties, this study indicates that there is not necessarily an acute 
trade-off between management of aquatic and riparian species. 
In this case, it is apparent that a side-channel chute can alter 
flood-plain hydrology in ways that have positive effects on 
growth rates of riparian cottonwood communities.
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Implications for Adaptive Habitat Management of the 
Overton Bottoms North Unit, Big Muddy National Fish  
and Wildlife Refuge, Missouri
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Abstract 
Integrated, landscape-scale investigations of ecologi-

cal responses to hydrologic reconnection of the flood plain 
at Overton Bottoms, Missouri, demonstrate the value of 
multidisciplinary approaches to adaptive management of 
flood-plain restoration. Surficial geologic mapping at Overton 
Bottoms North Unit documented the foundation of materials 
and topography that influence the spatial distribution of water 
on the flood plain. Surface and subsurface hydrologic inves-
tigations documented the temporal variability of hydrologic 
events affecting the flood plain, and how surficial geology 
and excavation of a side-channel chute influenced the spatial 
distribution of water. Decade-scale monitoring of vegetation 
community responses in flood-plain areas reconnected to the 
flood plain documented trends of increasing cottonwood/ 
willow patch area at the expense of weeds/forbs/grasses area. 
Comparison of trends in cottonwood/willow expansion with 
surficial geologic and hydrologic characteristics suggests  
patterns of colonization are systematically controlled by 
hydrology, and mediated by surficial geology and topography. 
A season-long experiment quantifying cottonwood growth 
rates adjacent to the chute demonstrated annual-scale sensi-
tivity of vegetation communities to hydrologic alterations of 
the valley bottom. During a season of relatively high flow, 
cottonwood growth rates adjacent to the chute were frequently 
as much as two times faster than those located several hundred 
meters from the chute, presumably because ground-water 
recharge from the chute prevented soil moisture from being 
a growth-limiting factor. The integrated, landscape-scale 
understanding gained from these studies should provide useful 
information to guide design and management of similar  
rehabilitation projects in flood plains for large rivers. 

Introduction
The Overton Bottoms area, Missouri, presented an 

opportunity to evaluate ecosystem responses of flood-plain 
rehabilitation in a field-scale experiment. The flood-plain area 

was opened to the Missouri River when levees broke in 1993, 
and subsequent excavation of a side-channel chute increased 
the hydrologic connection between the flood plain and main-
stem channel. This report presented an integrated analysis 
of interactions among geologic, hydrologic, and vegetation 
characteristics at the site. As a case study, the project provided 
some new insights into functions of flood-plain ecosystems; 
these insights will hopefully be tested, replicated, and refined 
at other sites. In addition, the studies provided specific infor-
mation that should be useful for performance evaluation of 
the Overton Bottoms restoration project. In general, the study 
illustrated the value of scientific information in design and 
management of flood-plain rehabilitation projects. 

Surficial Geologic Framework

Underlying sediments and topography determine much 
about how the river interacts with its flood plain, including 
how often it is flooded and how efficiently it retains water. 
Chapter 2 in this report documented the surficial flood-plain 
stratigraphy of the Overton Bottoms North Unit, evaluated 
geologic effects on physical and biotic processes, and sug-
gested some implications for bottomland management. The 
results show that surficial geology of Missouri River valley 
bottoms presents a three-dimensional mosaic of sharply con-
trasting material properties that would be expected to have a 
strong effect on hydrologic characteristics, ecosystem pro-
cesses, and habitat potential.

Detailed mapping and cross sections at Overton Bottoms 
North also provided understanding to inform models of how 
the Missouri River has changed during the late Holocene. 
Models of historical river changes can help define reference 
conditions to guide restoration activities. They also provide 
a conceptual framework for extending geologic mapping 
to other areas. Unlike wide valley segments upstream, the 
bedrock-bounded reach of the Missouri River in the Overton 
Bottoms area records only deposits from a relatively young, 
low-sinuosity, island-braided system. This recent geologic 
view of the river adds three-dimensional understanding of the 
reference condition to sparse historical information.
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The distribution of contrasting channel-fill and point-bar 
units identified at Overton Bottoms North has a potentially 
strong influence on interaction of surface and ground water. 
Generally, channel fills (channel-fill allounits) will be better at 
retaining surface water than point-bar allounits because they 
are relatively impermeable and occur in topographic depres-
sions. Fine-grained, low-permeability strata in channel fills, 
however, can also diminish infiltration of surface water and 
recharge of the alluvial aquifer. Because of their topographic 
position and low permeability, channel-fill allounits have high 
potential for natural wetlands and would provide good oppor-
tunities for construction of engineered wetlands. 

Where overlying top strata are thin, point-bar allounits 
can be areas of enhanced recharge to the alluvial aquifer. 
These units also are more prone to rapid infiltration and drain-
age, and will tend toward comparatively xeric species. Point-
bar units do not have high potential for engineered wetlands, 
and they may present risks of increased contamination of the 
aquifer in the event of chemical spills.

Hydrologic Framework and Responses to 
Reconnection of the Flood Plain

Hydrologic assessment at Overton Bottoms North Unit 
(Chapter 3) quantified the effects of reconnection of the flood 
plain to the mainstem Missouri River. The Overton Bottoms 
reach provided a unique opportunity to evaluate hydrologic 
functions in the flood plain before and after side-channel chute 
construction, and after subsequent adaptive re-excavation of 
the chute. The objectives of the study were to quantify rela-
tions among river stage, chute stage, ground-water levels, and 
rainfall; and to quantify how hydrologic reconnection due to 
chute construction altered the hydrology at Overton Bottoms. 

Monitoring of ground-water altitudes after the initial 
reconnection in 1993 demonstrated that ground water varied 
closely with river altitude at Overton Bottoms North. This 
is probably an inherent feature of Missouri River bottom-
lands resulting from the high permeability of sandy deposits, 
and would tend to occur even in bottomlands surrounded by 
levees. Breaching of levees and chute construction, however, 
served to enhance the coupling of surface and ground water. 
Because of a conservative initial design, water flow in the 
first-generation chute occurred less frequently than in the 
second-generation chute. Hence, effect of the first-generation 
chute on ground water was measurable, yet modest. The wider 
and deeper second-generation chute increased the interaction 
between surface water and ground water because its geometry 
allowed water to flow through it most of the year and because 
the bottom of the chute was excavated into permeable sand 
units below the water table. Depth to ground water and vari-
ability of depth to ground water generally increased from the 
pre-chute condition, to the first-generation-chute conditions, 
and was greatest for second-generation-chute conditions at 
most monitoring wells. Between pre-chute and second-gen-

eration-chute conditions, the median water level at several 
observation wells decreased 0.5–0.9 m. 

When water flows in the river were relatively high, 
the chute construction allowed the Missouri River to inun-
date Overton Bottoms more frequently and at a lower stage 
compared to the pre-chute condition. Prior to breaching of the 
levee, water flowed onto the flood plain about once every 10 
years. After the levee was breached, water flowed onto the 
flood plain about three days per year on average. And, since 
construction of the second-generation chute, flow is present 
through the chute about 345 days per year. Increased hydro-
logic connection increased inundation of low-lying areas, 
recharge to wetlands, and variability of the ground-water 
table. During low-water conditions, however, the chute served 
to drain adjacent wetlands. Therefore, chute construction at 
Overton Bottoms North had the net effect of making wetlands 
drier during dry periods and wetter during and immediately 
after flood periods. 

Land Cover Responses to Hydrologic 
Reconnection

Breaching of levees at Overton Bottoms during the 1993 
flood and eventual conversion of much of the agricultural 
land to conservation purposes during 1993–2002 provided an 
opportunity to evaluate how valley-bottom vegetation commu-
nities would adjust to hydrologic reconnection under minimal 
management intervention (chapter 4). Landsat Thematic Map-
per (TM) multispectral satellite image data were used to map 
generalized classes of vegetation and land cover on five differ-
ent dates between September 1994 and September 2002. Ten 
mapped data sets documented how the vegetation communities 
changed over time: 5 classified images showed the land-cover 
classes for each year, 4 images showed the change in those 
classes from one date to the next, and 1 image documented the 
overall changes in the classes between 1994 and 2002. Each 
classified image also was analyzed for spatial characteristics 
of the vegetation classes to characterize patch dynamics. 

The dominant change observed at Overton Bottoms 
1994–2002 was expansion of willows and cottonwoods at 
the expense of former agricultural land that had grown into 
weeds/forbs/grasses. While the area of cottonwoods and wil-
lows increased by a factor of 10 (72 ha to 702 ha) during this 
period, the increase was not uniform. Growth was most pro-
nounced in low-lying areas adjacent to the river where depth 
to ground water was shallow and soils were relatively moist. 
In these low-lying flood-plain areas surficial geologic units 
seemed to have little control on the size and shape of cotton-
woods/willows expansion areas.

On higher alluvial surfaces, growth of the cottonwoods/
willows class was more strongly controlled by surficial 
geology. Cottonwoods/willows growth was concentrated in 
channel-fill allounits as identified and mapped in chapter 2. 
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The channel fills presumably have greater retention of soil 
moisture than surrounding point-bar areas, and therefore 
provide somewhat more amenable conditions for germination 
and growth of cottonwoods/willows seedlings. In contrast, the 
permeability and structure of adjacent point-bar allounits in 
this area limits water availability. 

The documented temporal trends suggest that the cot-
tonwoods/willows class will continue to increase in area, 
although at a decreasing rate. Trends of patch characteristics 
also suggest that mean core area and total edge will continue 
to increase. As discussed in chapter 4, these patch character-
istics may affect habitat quality for wildlife. The correspon-
dence between cottonwoods/willows patches and channel-fill 
geologic units suggests that the surficial geology template will 
lead to persistent, arcuate patches of cottonwoods/willows if 
natural colonization processes are not interrupted. 

Cottonwood Growth Responses to Hydrologic 
Alteration

The study in Chapter 5 assessed the direct effect of 
the second-generation side-channel chute on cottonwood 
growth at the Overton Bottoms North Unit. Growth rates 
were assessed using dendrobands that were placed on 75 trees 
across three transects oriented perpendicular to the chute. 
Growth was measured each week June–September, 2004, 
during a period characterized by somewhat wetter-than-usual 
conditions. The experimental design was intended to explore 
the question of whether the chute’s evident effect on ground-
water altitude (as documented in chapter 3) serves to enhance 
or diminish cottonwood growth. 

Cottonwood growth was found to be higher in plots 
closer to the river or side-channel chute. Moreover, growth 
appeared to fluctuate with hydrologic condition: periods of 
increased water flow were associated with periods of increased 
cottonwood growth. During the latter part of the growing 
season, cottonwood growth followed the decline of river and 
the ground-water table. Although the period of monitoring was 
relatively short, these results support the hypothesis that dur-
ing periods of high river flow, the side-channel chute recharges 
ground water and enhances cottonwood growth. Variation in 
cottonwood growth could not be attributed to differences in 
other factors like air temperature, solar radiation, or competi-
tion for light.

The side-channel chute was designed to provide more 
shallow-water habitat in the Missouri River corridor, mainly 
to promote recovery of native and endangered aquatic species. 
While the alteration of ground-water flow has the potential 
to adversely affect riparian wetland communities during dry 
periods, this study indicated that during wet periods the oppo-
site can happen. Hence, the results suggest that there is not 
necessarily an acute trade-off between management of aquatic 
and riparian species in which enhancement of habitat for one 
necessarily diminishes habitat for the other. Monitoring over 

a longer period would be necessary to establish long-term 
effects of the chute on growth rates and woody community 
structure. 

Scientific Investigations and Adaptive 
Management of the Missouri River 
Flood Plain

Our scientific investigations at Overton Bottoms oppor-
tunistically used a flood-plain rehabilitation project as a 
field-scale quasi-experiment. The experiment yielded new 
insights into landscape-scale ecological responses and gener-
ated hypotheses for additional testing. The experiment, in 
turn, also provided new understanding that should be highly 
applicable to adaptive management of rehabilitation projects 
in the Missouri River flood plain. In particular, the experiment 
demonstrated how surficial geology and hydrology create the 
fundamental mosaic of habitat potential on a typical bottom-
land. Documentation of how hydrology, vegetation patterns, 
and cottonwood growth rates have been altered and continue 
to change as a result of rehabilitation indicates how the project 
has performed and whether it is likely to meet long-term proj-
ect objectives. We believe that this integrated understanding 
also will be useful to inform land acquisition decisions, and 
design and management of similar projects. 

Surficial alluvium and its topographic expression mediate 
the distribution of water (and therefore energy and nutrients) 
in the Overton Bottoms flood plain. It follows that understand-
ing of the geologic, topographic, and hydrologic framework 
of a bottomland site provides substantial information on the 
characteristics of habitat that can be supported on the site. For 
example, surficial alluvium maps depict the spatial distribu-
tion of sediments with a wide range of potential for inunda-
tion, and for transmitting and retaining water. Recognition 
of the characteristics and spatial patterns of these sediment 
units could be useful in design of wetlands and alignments of 
side-channel chutes. In the case of wetlands, design of wetland 
cells along water-retaining channel-fill allounits would result 
in arcuate wetland areas that would mimic those of the natural 
flood plain and would be inherently more efficient at retaining 
water than cells arcuated across permeable units. In the case 
of side-channel chute alignments, recognition of locations, 
sediment characteristics, and thickness of channel-fill allounits 
should provide useful information for alignments and channel 
dimensions. In particular, understanding of sediment distribu-
tions would be important for designing whether water in the 
chute is purposefully isolated from adjacent valley-bottom 
alluvium, or whether excavations extend into permeable sedi-
ments to enhance transmission of water into the alluvial aqui-
fer. Understanding of the distribution of sediment properties 
would also be useful in predicting costs of chute construction 
and whether a side-channel chute is likely to migrate rapidly 
or slowly.  For example, if the design objective for a chute is to 



112  Science to Support Adaptive Habitat Management

promote dynamic aquatic habitats by encouraging rapid lateral 
erosion and migration, the alignment should avoid channel-fill 
allounits that would have sediment with higher resistance to 
erosion compared to point-bar allounits.

Hydrologic responses to reconnection of Overton Bot-
toms North with the Missouri River demonstrate some of the 
trade-offs inherent in side-channel chute constructions. In the 
pre-chute condition, Overton Bottoms North was connected 
to the river through breached levees during overbank flooding 
events. Without a chute to enhance ground-water and surface-
water drainage, ground-water altitudes remained high and 
water drained slowly from the flood plain whenever overbank 
floods occurred. The first-generation chute increased aquatic 
habitat availability in the chute itself and increased the number 
of flow events that connected with the flood plain. At the same 
time, the first-generation chute also decreased ground-water 
altitudes during low-flow conditions, resulting in enhanced 
drainage of wetlands. This affect was increased for the deeper, 
wider second-generation chute. This result indicates that land 
managers should be aware of the potential trade-off between 
gains to aquatic habitats and losses of wetlands. 

Integrated effects of hydrologic reconnection and the 
surficial alluvium framework were observed in the retrospec-
tive analysis of vegetation community classes. The remotely 
sensed observations from 1994–2002 captured mainly effects 
of relatively passive vegetation management wherein natural 
processes of succession and expansion were allowed to occur. 
This passive approach would presumably minimize cost to 
land managers, but may not achieve specific management 
goals such as habitat enhancement for particular species or 
elimination of invasive species. The results document that 
the cottonwoods/willows class increased in extent, core area, 
and total edge, especially in low-lying areas adjacent to the 
river channel, whereas in higher parts of the valley bottom, 
the cottonwoods/willows class expanded preferentially into 
areas mapped as channel-fill allounits. Under passive manage-
ment, arcuate patches of cottonwoods/willows will probably 
continue to expand along ancient channel fills in the higher-
elevation parts of the Overton Bottoms North, increasing 
total area of this vegetation class and total edge habitat. The 
cottonwoods/willows class has been slower to expand in point-
bar allounits between the channel fills, presumably because of 
lower soil moisture in these landscape positions. This observa-
tion indicates that managers could target point-bar units pref-
erentially to establish more xeric grass or tree species, while 
retaining channel fills for wetlands and mesic species. 

The single-season study of cottonwood growth rates was 
a more specific assessment of the trade-off between aquatic 
habitat enhancement and potential degradation of terrestrial 
habitat: did the hydrologic gradients created by the side-chan-
nel chute have a measurable effect on growth rates of trees 
adjacent to the chute? Although it was hypothesized that the 
increased ground-water drainage adjacent to the chute would 
decrease growth rates, the opposite effect was documented as 

cottonwoods grew faster adjacent to the chute during the wet, 
early part of the growing season. Other potential factors–such 
as surficial geology and stand-density dependent growth–were 
discounted as insignificant. Although growth rates were actu-
ally increased as a result of the chute during this relatively 
wet season, declines in growth rates adjacent to the chute 
later in the season when river flows decreased also indicated 
that growth rates could be sensitive to low flow conditions 
as well. These results confirm that woody vegetation growth 
can be affected by side-channel chutes, although the effect is 
not always negative. The implication for adaptive manage-
ment of bottomland resources is that side-channel chutes can 
be expected to alter hydrologic gradients in ways that can be 
significant to adjacent vegetation communities. Chute align-
ments that minimize depth and excavation in highly transmis-
sive sediment would minimize this effect. 

The studies presented here may also be useful in set-
ting a baseline for continued monitoring and evaluation of 
responses to rehabilitation. Long-term evaluations of rehabili-
tation projects are rare (Bernhardt and others, 2005; Downs 
and Kondolf, 2002) and the existing level of documentation 
at Overton Bottoms may be unprecedented. The hydrologic 
drivers at Overton Bottoms North can be expected to change 
over time as the morphology of the second-generation side-
channel chute adjusts to the discharge and characteristics of 
its bed and banks. The second-generation chute is relatively 
young (created in 2003) and geomorphic monitoring indicates 
that it is actively eroding and widening (Jacobson and others, 
2004; Robert Jacobson, oral commun., 2005). Adjustments 
to the chute morphology will alter its effects on ground-water 
and surface-water connections and wetland distributions, as 
well as directly affecting flood-plain habitats by eroding and 
depositing new sediments. Changes to morphology also can 
be expected to change the hydrologic gradients adjacent to 
the chute, with consequent effects on vegetative growth rates 
and community structure. In addition, as shown in chapter 4, 
vegetation community classes are continuing to change total 
extent and shape, and these successional and colonization 
trends can be expected to continue. 

Whether these changes will be consistent with long-term 
management goals of the Overton Bottoms area is difficult to 
predict. However, these studies documented that the Overton 
Bottoms North ecosystem (as measured by physical habitat 
and vegetation variables) is continuing its dynamic trend of 
change that began in 1993. Continued monitoring of selected 
characteristics of this site would provide managers with addi-
tional information on what to expect as similar rehabilitation 
sites adjust to hydrologic reconnection. Such information may 
prove useful in aligning management goals with the inherent 
habitat potential of the landscape.

One important piece of information that would come 
from such monitoring are the typical rates of ecological 
change and consequently how long monitoring should be 
maintained. Design of effective long-term monitoring needs 



Chapter � – Implications for Management  113

to balance information content and cost (Palmer and others, 
2005). We recommend continued monitoring of fundamen-
tal drivers (hydrology) and first-order effects (geomorphic 
changes to the chute) complemented with monitoring of 
selected biological indicators. Biological indicators should 
have clear importance to management goals or ecosystem 
processes, and they should be chosen to minimize errors asso-
ciated with sampling variability. Remotely sensed mapping 
of vegetation community changes is a relatively cost-effective 
means to monitor broad scale changes, although at modest 
spatial (30-m) and temporal (annual) resolution. 

The USGS Lower Missouri River Central Region 
Integrated Science Program (CRISP) project was carried out 
to contribute integrated scientific assessments to adaptive 
management in the Missouri River corridor. The project has 
documented: (1) the fundamental role of surficial geology in 
determining habitat potential of the valley-bottom landscape, 
(2) connections among surface water, ground water, and 
wetlands, (3) influence of surficial geology and topography on 
vegetation community colonization patterns in passively man-
aged bottomlands, and (4) enhancement of cottonwood growth 
rates adjacent to the constructed side-channel chute. This 
information is directly applicable to pressing management and 
policy decisions, including strategies for acquisition of conser-
vation land and design of habitat restoration projects. 

The project was designed to incorporate geologic, 
hydrologic, geographic, and biologic disciplinary expertise 
to develop a comprehensive assessment of how management 
actions have affected habitats of a part of the Big Muddy 
National Fish and Wildlife Refuge, and how results of that 
assessment can be incorporated back into management and 
design decisions. The results have demonstrated the synergy 
of integrated science by uncovering landscape-scale rela-
tions affecting patterns and dynamics of flood-plain habitats 
that would not be apparent as a result of single-discipline 
approaches. We believe that the results of this study will 
contribute to the continued involvement of science in adap-
tive management, and should prove beneficial to the design of 
similar rehabilitation projects on the Lower Missouri River. 
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A

Allostratigraphic Allostratigraphy defines 
map units based on recognition and delinea-
tion of their bounding discontinuities (for 
example, channel scours, valley scours,  
traceable soil horizons). 

Allounit A mapping measurement unit 
derived from allostratigraphic techniques. 

Alluvium Clay, silt, sand, gravel, or other 
particulate material deposited by a river or 
stream.  Alluvial valley fill refers to these 
sediment deposits. 

Aquatic habitat The native environment or 
specific surroundings where a plant or animal 
naturally grows or lives in, on, or near the 
water. 

Anthropogenic Derived from human  
activities. 

Avulsion A relatively sudden shift of the 
river channel to a new location leaving an 
abandoned channel.

B

Basal area The cross sectional area of a  
tree trunk or stem at breast height.

C

Cavitation Applied to tree physiology, the 
blockage of the sap column by a large nega-
tive water potential resulting in the infiltration 
of air into the xylem. 

Channel Fill Alluvial sediments that have 
been deposited in a former river channel.

D

Deposition The accumulation of sediments 
because of slowing movement of transporting 
water. 

Digital Elevation Model (DEM) A digital 
representation of elevation data in a raster 
form (see raster below).  DEMs consist of 
a sampled array of elevations at regularly 
spaced intervals. 

E

Erosion The wearing away and removal 
of earth materials by weathering, solution, 
corrosion, or transportation by running water, 
waves, moving ice, and wind currents. 

Evapotranspiration The combined processes 
by which water is transferred from the earth’s 
surface to the atmosphere through evaporation 
of water, the capillary fringe of the ground- 
water table, and the transpiration of ground 
water by plants whose roots tap the capillary 
fringe of the ground-water table. 

Fluvial Refers to topics related to flowing 
water. 

G

Geochronology The science of determining 
the age of rocks, fossils, and sediments using 
a variety of dating methods. 

Geomorphology The study of landforms, 
including their origin and evolution, and the 
processes that shape them. 

H

Holocene Epoch A geologic time extending 
from about 10,000 years ago to the present.  

Hydroperiod The seasonal and cyclical pat-
tern of water in a stream, river, or wetland. 

L

Lithofacies A mappable subdivision of a 
designated stratigraphic unit based on physical 
sedimentary characteristics, including miner-
alogy and particle size distribution.  

Lithology The study, description, and clas-
sification of the physical character of a rock, 
sediment, or geologic formation. 

Landsat Thematic Mapper (TM) A satellite 
instrument that detects and records electro-
magnetic radiation from the earth; used for 
mapping land cover distributions.

M

Meander loop allounit An allostratigraphic 
unit comprising a point bar and bounding 
channel-fill allounits. Interpreted to record 

Glossary
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lateral migration of a single point bar during 
development of a single river meander. 

Mississippian period In geologic time, the 
period from 360-325 million years ago.  

Multi-spectral digital satellite image Sat-
ellite-based images composed from multiple 
bands of the visible or infrared region of 
electromagnetic radiation.  

Optically stimulated luminescence (OSL) 
dating A method of establishing the age of 
sediments based on time elapsed since their 
last exposure to light prior to burial.  

O

Orthophotographic image An image that has 
been rectified to remove distortion.

P

Paleozoic Era The geologic eras extending 
from 544 to 248 million years ago.  

Panchromatic image An image constructed 
from many discrete wavelength bands rather 
than individual bands; typically used to 
describe images produced from dedicated 
equipment aboard earth observation satellites. 

Pedology The scientific study of soils, their 
origins, characteristics, and uses. 

Pleistocene Epoch In geologic time, 1.8 
million to approximately 10,000  years ago. 

Point bar Landform on the inside of river 
bends where sediment accumulates as the 
bend migrates laterally across the valley.

Potentiometric surface Surface that repre-
sents the static head of water in an aquifer; it 
is defined by the altitude to which water will 
rise in tightly cased wells from a given point 
in an aquifer. 

Pressure transducers Instrumentation used 
to measure water levels in ground-water level 
monitoring wells.

Q

Quaternary Period In geologic time, from 
1.8 million years ago to the present, encom-
passing the Holocene and Pleistocene epochs.

Quasi-experiments Systematic experiments 
with controls and treatments, but lacking com-
plete randomization.

R

Raster image data Spatial data acquired by 
a remote sensing device and expressed as a 
matrix of cells or pixels (an abbreviation for 
picture element). 

Riparian Relating to the banks of a river or 
stream, and to associated plant and animal 
communities.

S

Sedimentology Study of the history and pro-
cesses of sediment transport and deposition.

Seismic refraction survey A geophysical 
survey that utilizes the refraction of seismic 
waves on geologic layers and rock/soil units  
in order to characterize the subsurface geo-
logic conditions and geologic structure. 

Side-channel chute Secondary river  
channels that typically cut across a river bend.

Siliciclastic bedrock formations Rock  
units composed primarily of silicate mineral 
fragments. 

Splay A typically sandy deposit formed 
when river water flows overbank and expands 
laterally, dropping its sediment.

Stochastic Characterized by random prob-
ability.

Stomata Pores in the epidermis of a leaf or 
stem through which gases and water vapor 
pass.  

Strata A layer of sedimentary rock or sedi-
ment with relatively uniform composition. 

Stratigraphy The branch of geology con-
cerned with the formation, composition, 
ordering in time, and arrangement in space of 
sedimentary rocks and sediments.  

Substrate Topmost layer of sediment at the 
bottom of a river or lake. 

Surficial geology The study of sediment and 
soils at and near the land surface.

T

Transmissivity The rate of water transmis-
sion through a unit width of porous sediment 
or rock. 

Transpiration The process by which water 
vapor escapes from plants through the leaves 
to enter the atmosphere. 
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Trophic level The position occupied by an 
organism in a food chain. 

Xeric plant species A plant that requires 
little moisture or a habitat containing little 
moisture.

X

Xylem Supporting and water-conducting  
tissue of vascular plants.

Acronyms

BAI Basal area increments

DEM Digital elevation model

DBH Diameter at breast height

GPS Global Positioning System

MDC Missouri Department of Conservation

NAD �3 North America Datum of 1983

NAVD �� North America Vertical Datum of 1988

NGVD 2� National Geodetic Vertical Datum of 1929

NWIS National Water Quality Information System

OSL Optically stimulated luminescence

SWH Shallow water habitat

TM Thematic mapper 

USACE U.S. Army Corps of Engineers

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey
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