Introduction: Science to Support Adaptive
Habitat Management, Overton Bottoms
North Unit, Big Muddy National Fish and
Wildlife Refuge, Missouri

By Robert B. Jacobson

Chapter 1 of
Science to Support Adaptive Habitat Management: Overton Bottoms
North Unit, Big Muddy National Fish and Wildlife Refuge, Missouri

In cooperation with the U.S. Fish and Wildlife Service

Scientific Investigations Report 2006—5086

U.S. Department of the Interior
U.S. Geological Survey



Contents

ADSTIACT oot R bbb bRt 3

Background and INtrodUCTION ...ttt 3

PUIPOSE @NA SCOPE .ttt ettt ettt ettt 6

Recent History of the Overton Bottoms NOrth UNit ........c.cceveivieiieieiesssseseesesissse e sssssesesaens 6

Previous Scientific INVeSTIGAtiONS .......ccccirieeccsrece et sttt saes s 6

Resource Management ISSUES ..ottt bbb naes 7

Overton Bottoms North Unit Case StUY .......cceeeeereereeerrreseesesesees et ssesesseenenes 8

SCIBNCE QUBSTIONS vttt bbbt 1

Surficial Geologic FramMEBWOIK ..ottt 1

YT 100 T OO 1

Selected Ecological RESPONSES ...ttt 12

The Role of Science in Adaptive Resource Management ...........covveeeneneeneieesnsensenseseesssessnsenns 12

(00741 1T T o] OO 13

REFEIENCES CItBM.....uieiececeeeiee et 14
Figures

1-2.  Maps showing—

1. The Lower MiSSOU RIVET ...ttt 4

2. The location of the Overton Bottoms North Unit ..........ccooeveecueeeecececeeceeeeeeeeeiaes 5

3. Hydrograph of the Missouri River at Boonville, Missouri, 1992-2005...........cccccocoeveerrrrnnee. 7

4. Map showing the locations of the side-channel chutes .......c.cccocveveevevcveeecscsseeeas 9

5. Map, photograph, and graphs of chute re-excavation .........ccccoevnrnrnneneseensreneeenes 10

6. Schematic showing conceptual model of water levels and tree growth.......................... 13

Tables

1. Types of rehabilitation activities in the Lower Missouri River corridor ......c.cooevevereeenees 8

Suggested citation:

Jacobson, R.B., 2006, Introduction—science to support adaptive habitat management, Overton Bottoms North Unit,
Big Muddy National Fish and Wildlife Refuge, Missouri, chap. 1 of Jacobson, R.B., ed., Science to support adaptive
habitat management—Qverton Bottoms North Unit, Big Muddy National Fish and Wildlife Refuge, Missouri: U.S.
Geological Survey, Scientific Investigations Report 2006-5086, p. 1-16.



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 km? (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 km?* (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 km? 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
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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, lowa 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).
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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:

1. This introduction.

2. Geologic and topographic context of the Overton Bottoms
North Unit.

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

4. Broad-scale vegetation community responses to altered
hydrology.

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

6. 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).

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).

e 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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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).

* 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,
20044a, 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).
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Table 1. Types of rehabilitation activities in the Lower Missouri River corridor
Type Objectives Approach
Intensively managed Provide specific wetland habitats and associated Construct leveed wetland compartments;
wetlands food sources at specific times of the year to manipulate interior drainage; pump or drain

support, mostly, waterfowl production.

Passive wetlands

Side-channel chutes

main channel.

Shallow-water within

channel along margins of main channel.

Provide general wetland habitats at least cost.

Provide off-channel aquatic habitats; increase
hydrologic connection of valley bottom to

Provide shallow, slow current-velocity habitat

as needed to optimize water levels; plant food
crops for water fowl

Remove levees to increase frequency of flooding

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

Increase top width; remove revetment and
allow lateral erosion; manipulate wing dikes to
achieve diversity of habitat.

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
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Figure 4.

(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

Locations of the side-channel chutes and features at Overton Bottoms North.

water 0 to 5 feet deep (0—1.5 m [meter]) and O 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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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:

e 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?

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

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

e 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):

1. Identification of management problems.

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

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

4. Testing and selection of management experiments through
the aforementioned models.

5. Design of actual field experiments.
6. Implementation of management experiments.

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

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

9. 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



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.
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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.
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Figure 6. 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.



14 Science to Support Adaptive Habitat Management

References Cited

Allen, E.B., Covington, W.W., and Falk, D.A., 2001, Develop-
ing the conceptual basis for restoration ecology: Restoration
Ecology, v. 5, p. 275-276.

Bayley, P.B., 1995, Understanding large river-floodplain eco-
systems: BioScience v. 45, p. 153-158.

Blevins, D.W., 2004, Hydrology and cycling of nitrogen and
phosphorus in Little Bean Marsh—a remnant riparian wet-
land along the Missouri River in Platte County, Missouri,
1996-97: U.S. Geological Survey Scientific Investigations
Report, 2004-5171, 78 p.

Block, WM., Franklin, A.B., Ward, J.P. Jr., Ganey, J.L.., and
White, G.C., 2001, Design and implementation of monitor-
ing studies to evaluate the success of ecological restoration
on wildlife: Restoration Ecology, v. 9, p. 293-303.

Blumenthal, D., and Jannink, J.L., 2000, A classification of
collaborative management methods: Conservation Ecology,
v. 4, 21 p., accessed February, 2006, at URL http://www.
consecol.org/vol4/iss2/art13.

Bodie, J.R., Semlitsch, R.D., and Renken, R.B., 2000, Diver-
sity and structure of turtle assemblages—associations with
wetland characters across a floodplain landscape: Ecogra-
phy, v. 23, p. 444-456.

Bodie, J.R., and Semlitsch, R.D., 2000a, Spatial and tempo-
ral use of floodplain habitats by lentic and lotic species of
aquatic turtles: Oecologia, v. 122, p. 138—146.

Bodie, J.R., and Semlitsch, R.D., 2000b, Size-specific mortal-
ity and natural selection in freshwater turtles: Copeia,
v. 2000, p. 732-739.

Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eck-
ley, N., Guston, D.H., Jager, J., and Mitchell, R.B., 2003,
Knowledge systems for sustainable development: Proceed-
ings of the National Academy of Sciences, v. 100, 7 p.

Chapman, D.C., Ehrhardt, E.A., Fairchild, J.F., Jacobson, R.
B., Kelly, B.P.,, Mabee, W.R., Poulton, B.C., and Sapping-
ton, L.C., 2004, Ecological dynamics of wetlands at Lisbon
Bottom, Big Muddy National Fish and Wildlife Refuge,
Missouri: U.S. Geological Survey Open-File Report 2004-
1036, 160 p., accessed February, 2006, at URL http://www.
cerc.usgs.gov/pubs/MoRiver/OFR_2004-1036.htm.

Downs, P.W., Kondolf, G.M., Keough, M.J., Lake, P.S., Map-
stone, B.D., and Quinn, G.P., 2002, Post-project appraisals
in adaptive management of river channel restoration: Envi-
ronmental Management, v. 29, p. 477-496.

Ehrhardt, E., 1996, Abundance and distribution of waterbirds
of three habitats of Missouri River floodplain following
a major flood: Columbia, Mo., University of Missouri,
Master’s thesis, 111 pp.

Federal Interagency Stream Restoration Working Group, 1998,
Stream corridor restoration—principles, processes, practices:
Washington, D.C., USDA, Natural Reseources Conservation
Service, variously paginated.

Ferrell, J., 1995, Soundings—100 years of the Missouri River
navigation project: U.S. Army Corps of Engineers, U.S.
Government Printing Office, 1996-555-110, 171 p.

Funk, J.L., and Robinson, J.W., 1974. Changes in the channel
of the Lower Missouri River and effects on fish and wild-
life: Jefferson City, Mo., Missouri Department of Conserva-
tion, 52 p.

Galat, D.L., Kubisiak, J.F., Hooker, J.B., and Sowa, L.M.,
1997, Geomorphology, distribution, and connectivity of
Lower Missouri River floodplain waterbodies scoured by
the flood of 1993: Verh. Internat. Verein. Limnolo., v. 26,
p. 869-878.

Galat, D.L., Fredrickson, L.H., Humburg, D.D., Bataille, K.J.,
Bodie, J.R., Dohrenwend, J., Gelwicks, G.T., Havel, J.E.,
Helmers, D.L., Hooker, J.B., Jones, J.R., Knowlton, M.F.,
Kubisiak, J., Mazourek, J., McColpin, A.C., Renken, R.B.,
and Semlitsch, R.D., 1998, Flooding to restore connectivity
of regulated, large-river wetlands: Bioscience, v. 48,

p- 721-733.

Galat, D. L., and Lipkin, R., 2000, Restoring the ecological
integrity of great rivers—historical hydrographs aid in defin-
ing reference conditions for the Missouri River: Hydrobio-
logia, v. 422/423, p. 29-48.

Galat, D.L., Berry, C.R., Peters, E.J., and White, R.G., 2005,
Missouri River basin, in, Benke, A., and Cushing, C., eds.,
Rivers of North America: New York, Elsevier Academic
Press, p. 427-480.

Grady, J., Milligan, J., Chapman, D., Ehrhardt, E., Dieterman,
D., Galat, D., Hooker, J., Kubisiak, J., Delonay, A., Little,
E., Robinson, J., and Tibbs, J., 1999, Fishes of Missouri
River, chute, and flood-plain habitats, Chapter 4 of Hum-
burg, D.D., and Burke, V.J., eds., Initial Biotic Survey of
Lisbon Bottom, Big Muddy National Fish and Wildlife Ref-
uge: U.S. Geological Survey, Biological Resources Division
Biological Science Report, USGS/BRD/BSR-2000-0001,
76 p.

Grossman, B.C., Gold, M.A., Dey, D.C., 2003, Restoration of
hard mast species for wildlife in Missouri using precocious
flowering oak in the Missouri River floodplain: USA Agro-
forestry Systems, v. 2003, p. 3—10.

Harlan, J.D., and Denny, J.M., 2003, Atlas of Lewis and Clark
in Missouri: Columbia, Mo., University of Missouri Press,
152 p., accessed February, 2006, at URL http://lewisclark.
geog.missouri.edu/website/moriver1/viewer.htm.



Havel, J.E., Eisenbacher, E.M., and Black, A.A., 2000, Diver-
sity of crustacean zooplankton in riparian wetlands—coloni-
zation and egg banks: Aquatic Ecology, v. 34, p. 63-76.

Hesse, L.W., and Sheets, W., 1993, The Missouri River hydro-
system: Fisheries, v. 18, p. 5-14.

Hilderbrand, R.H., Watts, A.C., and Randle, A. M., 2005, The
myths of restoration ecology: Ecology and Society, v. 10,
11 p., accessed February, 2006, at URL http://www.
ecologyandsociety.org/vol10/iss1/art19.

Humburg, D.D., Graber, D.A., Havera, S.P., Fredrickson, L.,
and Helmers, D.L., 1996, What did we learn from the great
flood of 1993, in Ratti, J.T., ed., Proceedings of the 7th
international waterfowl symposium: Memphis, Tenn.,

p- 139-148.

Jacobson, R.B., Laustrup, M.S., Ehrhardt, E., Niebur, C,
Arvidson, R., 1999, Physical setting of Lisbon Bottom in
the Big Muddy National Fish and Wildlife Refuge, Chapter
1 of Humburg, D.D., and Burke, V.J., eds., Initial biotic sur-
vey of Lisbon Bottoms, Big Muddy National Fish and Wild-
life Refuge: U.S. Geological Survey Biological Sciences
Report USGS/BRD/BSR-2000-0001, p. 1-20, accessed
February, 2006, at URL http://www.cerc.usgs.gov/pubs/cen-
ter/pdfDocs/Lisbon.pdf.

Jacobson, R.B., and Heuser, J.L., 2002, Visualization of flow
alternatives, Lower Missouri River: U.S. Geological Survey
Open-File Report 02-122, unpaginated, accessed February,
2006, at URL http://www.cerc.usgs.gov/rss/visualize/visual-
ize.htm.

Jacobson, R.B., Laustrup, M.L., and Chapman, M.D., 2001,
Fluvial processes and passive rehabilitation of the Lisbon
Bottom side-channel chute, Lower Missouri River, in,
Dorava, J.M., Montgomery, D.L., Fitzpatrick, F.A., and
Palcsak, B.B., eds., Fluvial processes and physical habitat:
American Geophysical Union Water Science and Applica-
tion Series, v. 4, p. 199-216.

Jacobson, R.B., O’Connor, J.E., and Oguchi, T., 2003, Surfi-
cial geologic tools in fluvial geomorphology, in Kondolf,
G.M. and Piegay, H., eds., Tools in Fluvial Geomorphology:
New York, Wiley Interscience, p. 25-57.

Jacobson, R.B. and Kelly, B.P., 2004a, Hydrology, in, Chap-
man, D.C., Ehrhardt, E.A., Fairchild, J.F., Jacobson, R.B.,
Kelly, B.P., Mabee, W.R., Poulton, B.C., and Sappington,
L.C., Ecological dynamics of wetlands at Lisbon Bottom,
Big Muddy National Fish and Wildlife Refuge, Missouri:
U.S. Geological Survey Open-File Report 2004-1036, p.
13-36, accessed February, 2006, at URL http://www.cerc.
usgs.gov/pubs/MoRiver/OFR_2004-1036.htm.

Jacobson, R.B., Johnson, H.E., Laustrup, M.S., D’Urso, G.J.,
and Reuter, J.M., 2004b, Physical habitat dynamics in four
side-channel chutes, Lower Missouri River: U.S. Geological

Chapter 1 — Introduction 15

Survey Open-File Report 2004-1071, 60 p., accessed Febru-
ary, 2006, at URL http://www.cerc.usgs.gov/pubs/MoRiver/
OFR_2004-1071.htm.

Junk, W.J., Bayley, P.B., and Sparks, R.E., 1989, The flood
pulse concept in river-floodplain systems: Canadian Special
Publication Fisheries and Aquatic Sciences, v. 106, p.
110-127.

Kelly, B.P., 2000, Effects of alternative Missouri River
management plans on ground-water levels in the Lower
Missouri River flood plain: U.S. Geological Survey Water-
Resources Investigations Report 2000-4052, 128 p.

Kelly, B.P,, 2001, Relations among river stage, rainfall,
ground-water levels, and stage at two Missouri River flood-
plain wetlands: U.S. Geological Survey Water Resources
Investigative Report 01-4123, 18 p.

Knowlton, M.E,, and Jones, J.R., 1997, Trophic status of Mis-
souri River flood plain lakes in relation to basin type and
connectivity: Wetlands, v. 17, p. 468—475.

Knowlton, M.F,, and Jones, J.R., 2000, Seston, light, nutrients
and chlorophyll in the Lower Missouri River, 1994-1998:
Journal of Freshwater Ecology, v. 15, p. 283-297.

Knowlton, M.E,, and Jones, J.R., 2003, Connectivity influ-
ences temporal variation of limnological conditions in Mis-
souri River scour lakes: Lake and Reservoir Management,
v. 19, p. 160-170.

Latka, D.C., Nesteler, J., and Hesse, L.W., 1993, Restoring
physical habitat in the Missouri River—a historical perspec-
tive, in Hesse, L.W., Stalnaker, C.B., Benson, N.G., and
Zuboy, J.R., eds., Proceedings of the symposium on restora-
tion planning for the rivers of the Mississippi River ecosys-
tem: National Biological Survey Report 19, p. 350-359.

Mazourek, J.C., 1998, Dynamics of seed bank and vegetation
communities in existing and potential emergent marshes in
the Missouri River flood plain: Columbia, Mo., University
of Missouri, Master’s thesis, 131 p.

McColpin, A., 2002, Waterbird use of lower Missouri River
floodplain wetlands: Columbia, Mo., University of Mis-
souri, Master’s thesis, 256 p.

National Research Council, 1999, Downstream—adaptive
management of Glen Canyon Dam and the Colorado River
Ecosystem: Washington, D.C., National Academies Press,
230 p.

National Research Council, 2002, The Missouri River eco-
system—exploring the prospects for recovery: Washington,
D.C., National Academies Press, 176 p.

National Research Council, 2003, Science and the greater
Everglades ecosystem restoration—an assessment of the
critical ecosystem studies initiative: Washington, D.C.,
National Academies Press, 87 p.



16 Science to Support Adaptive Habitat Management

Palmer, M.A., Bernhardt, E.S., Allen, J.D., Lake, P.S., Alex-
ander, G., Brooks, S., Carr, J., Clayton, S., Dahm, C.N.,
Follstad Shah, J., Galat, D.L., Gloss, S., Goodwin, P., Hart,
D.D., Hassett, B., Jenkinson, R., Kondolf, G.M., Lave, R.,
Meyer, J.L., O’Donnell, T.K., Pagano, L., and Sudduth, E.,
2005, Standards for ecologically successful river restora-
tion: Journal of Applied Ecology, v. 42, p. 208-217.

Rhoads, B.L., Wilson, D., Urban, M.L., and Herricks, E.E.,
1999, Interaction between scientists and nonscientists in
community-based watershed management—emergence of the
concept of stream naturalization: Environmental Manage-
ment, v. 24, p. 297-308.

Ruhe, R.V., 1975, Geomorphology—geomorphic processes
and surficial geology: Boston, Houghton Mifflin Company,
246 p.

Sargent, J.C., and Galat, D.L., 2002, Fish mortality and phys-
iochemistry in a managed wetland along the Lower Mis-
souri River: Wetlands Ecology and Management, v. 10,

p. 113-119.

Sparks, R.E., Nelson, J.C., and Yin, Y., 1998, Naturalization
of the flood regime in regulated rivers: BioScience, v. 48,
p. 706-720.

Sparks, R.E., 1995, Need for ecosystem management of large
rivers and their flood plains: BioScience v. 14, p. 168—182.

Swanson, D.L., 1999, Avifauna of an early successional habi-
tat along the Middle Missouri River: Jamestown, N. Dak.,
Prairie Naturalist, v. 31, p. 145-164, accessed February,
2006 at URL http://www.npwrc.usgs.gov/resource/birds/
avihab/avihab.htm.

U.S. Army Corps of Engineers, 1998, Reservoir regulation
studies—daily routing model studies, in, Master Water Con-
trol Manual Missouri River Review and Update Study, v.
2A: Omabha, Nebr., U.S. Army Corps of Engineers, North-
west Division Missouri River Region, 139 p.

U.S. Army Corps of Engineers, 1999, Missouri River bank
stabilization and navigation fish and wildlife mitigation
project, definite project report with integrated environmen-
tal assessment—Overton Bottoms mitigation site, Volume 1:
Kansas City, Mo., U.S. Army Corps of Engineers, Kansas
City District, 53 p.

U.S. Army Corps of Engineers, 2002, Missouri River fish and
wildlife mitigation project, draft supplemental environmen-
tal impact statement: Kansas City, Mo., U.S. Army Corps of
Engineers, Kansas City District, 258 p.

U.S. Army Corps of Engineers, 2004a, Upper Mississippi
River system flow frequency study final report: Rock Island,
I11., 40 p. + appendices.

U.S. Army Corps of Engineers, 2004b, Missouri River shallow
water habitat report: Omaha, Nebr., U.S. Army Corps of
Engineers, Northwestern Division, 57 p.

U.S. Army Corps of Engineers, 2004c, Missouri River bank
stabilization and navigation project, fish and wildlife mitiga-
tion project, annual implementation report 2004: U.S. Army
Corps of Engineers, Omaha and Kansas City District, 63 p.

U.S. Fish and Wildlife Service, 2003, Amendment to the 2000
biological opinion on the operation of the Missouri River
Main Stem Reservoir system, operation and maintenance of
the Missouri River Bank Stabilization and Navigation Proj-
ect, and operation of the Kansas River Reservoir System:
Minneapolis, Minn., U.S. Fish and Wildlife Service, 308 p.

Walters, C., 1986, Adaptive management of renewable
resources: New York, Macmillan Publishers, 374 p.

Walters C., 1997, Challenges in adaptive management of
riparian and coastal systems: Conservation Ecology, v. 1, 22
p., accessed February, 2006 at URL http://www.consecol.
org/voll/iss2/artl.

Williams, A.K., Ratnaswamy, M.J., and Renken, R.B., 2001,
Impacts of a flood on small mammal populations of Lower
Missouri River flood plain forests: American Midland Natu-
ralist, v. 146, p. 217-221.

Wissmar, R.C., and P.A., Bisson, eds., 2003, Strategies for
restoring river ecosystems: sources of variability and
uncertainty in natural and managed systems: Bethesda, Md.,
American Fisheries Society, 263 p.



	Introduction: Science to Support Adaptive Habitat Management, Overton Bottoms North Unit, Big Muddy National Fish and Wildlife Refuge, Missouri
	Contents
	Abstract
	Background and Introduction
	Purpose and Scope

	Recent History of the Overton Bottoms North Unit
	Previous Scientific Investigations
	Resource Management Issues
	Overton Bottoms North Unit Case Study

	Science Questions
	Surficial Geologic Framework
	Hydrology
	Selected Ecological Responses

	The Role of Science in Adaptive Resource Management
	Conclusion
	References Cited

	Figures
	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.
	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.
	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).
	Figure 4 . Locations of the side-channel chutes and features at Overton Bottoms North.
	Figure 5 . 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.
	Figure 6 . 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.

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


