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ABSTRACT 
 

 This dissertation is a policy analysis of lateral connectivity issues on aging and 

manipulated river systems.  The research focuses on associated issues of ecosystem health and 

human impacts as illustrated in a case study of Alabama’s Black Warrior River.  The study area 

on the Black Warrior River, river mile 213 to 292, is representative of other manipulated river 

systems throughout the United States. 

The construction of two federally owned locks and dams within the study area created a 

multi-use inland waterway due to the formation of lentic environments upstream of the 

regulating structures.  The inland waterway’s historic management was largely one-dimensional 

and main channel-oriented.  This one-dimensional approach caused a significant deterioration 

of lateral connectivity.  Between 1965 and 2006, the number of open or marginally open 

entrances to off-channel areas declined from 251 to 119.  Open and marginally open off-

channel areas decreased 1,125 acres between 1965 and 2006, representing a 26 percent 

decline.  Overall, 643 off-channel acres, regardless of status (i.e., open, marginally open, or 

closed), were lost during this timeframe, representing a 15 percent decline, and the average 

and median size of off-channel areas also declined 30 and 53 percent respectively. 

The decline in lateral connectivity resulted in environmental impacts to the area’s 

fishery and differential effects to a range of stakeholder groups.  Policy alternatives were 

developed and their social impacts assessed to provide decision-makers within the study area 

and across the United States with options to address lateral connectivity issues. 
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PROBLEM STATEMENT 

 
Critics assert that public water resource management, specifically for aging and 

manipulated river systems such as inland waterways, has neglected certain stakeholders, 

decreasing these resources’ social and environmental benefits.  Accordingly, this research 

completes a policy analysis of lateral connectivity issues on aging and manipulated river 

systems.  The research focuses on associated issues of ecosystem health and human impacts as 

illustrated in a case study of Alabama’s Black Warrior River. 

In the United States, the U.S. Army Corps of Engineers maintains 230 lock and dam sites 

and their associated 12,000 miles of inland waterways.  A string of aquatic impoundments 

formed from the construction of these locks and dams provides valuable public resources 

(USACE 2005).  Since the formation of these impoundments, unforeseen problems developed.  

Decreased lateral connectivity between a river’s main channel and historically accessible off-

channel areas, such as lateral lakes, floodplain lakes, oxbow lakes, tributaries/streams, sloughs, 

and backwaters, is a concern on rivers with locks and dams, but limited research is available to 

detail the problem’s environmental implications and resulting social impacts.  Declining lateral 

connectivity is believed to stem from increased sedimentation associated with dams and 

subsequent river management, such as channelization.  

Authorities believe that declining lateral connectivity occurs to varying degrees on all 

regulated rivers in the United States.  Maintaining such connectivity has not been a priority of 

past river management, even though a river’s environmental and social services are thought to 
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decline as connectivity between a river and its creeks and backwaters decreases.  Reduced river 

services due to connectivity decline may include decreased carbon and biochemical cycling, 

hydrologic capacity, fish spawning habitat, and human access to productive fisheries and public 

waters.  Accurately documenting the problem’s extent, environmental impacts, and effects on 

stakeholders will enable responsible officials to make well-informed river management 

decisions. 

The proposed research will focus on the Black Warrior River in Alabama as a case study 

–specifically portions of the Demopolis and Warrior lakes.  The Black Warrior River is 

representative of numerous regulated river systems throughout the United States whose lateral 

connectivity is believed to be declining.  The human services provided by the Black Warrior 

River system include: a drinking water source, hydropower generation, an industrial process 

water source, commercial transportation, swimming, fishing, and boating.  The Black Warrior 

River case study will include the area from the Demopolis Lock and Dam (river mile 213) to the 

old Lock 8 area (river mile 292) to document: 

 historical lateral connectivity within the study area by using aerial photos, field 

observations, and information from knowledgeable individuals;  

 environmental impacts (particularly fishery health) related to connectivity by using 

historical fish sampling data; 

 affected stakeholders through secondary data, field observations and interviews; 

 past and current legal authority to address connectivity; and 

 historical river management and the level to which the management addressed lateral 

connectivity. 
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Based on these findings, the case study will develop policy alternatives for river management 

and the social impacts of each alternative.  The case study will also be placed within the larger 

context of the numerous regulated river systems throughout the United States in the interest of 

developing public policy options to address issues nationally. 
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LITERATURE REVIEW 

 
Regulated Rivers 

Water naturally flows from one location to another and from one state (e.g., liquid, gas, 

or solid) to another, making it a fugitive resource.  Challenges arise in managing, controlling, 

and allocating a fugitive resource such as water.  Water plays an extremely important role by 

being vital to all life and thriving economic activity.  Water resources, among other uses, are 

used for drinking, fish and wildlife habitat, industry, agriculture, transportation, an energy 

source, waste disposal/dilution, and outdoor recreation.  Humans have historically changed the 

character of rivers through constructing regulating structures (e.g., locks and dams) along rivers 

to decrease the water’s erratic and unsecure nature and increase the resource’s social benefits 

(Frederick and Sedjo 1986).  

Regulating structures or dams are frequently identified by their intended primary 

function, structure type, and/or size (USACE 2010d).  Dams intended to be used for navigation 

purposes are described as locks and dams.  These systems are usually low concrete gravity dam 

structures with locks that raise and lower vessels for navigation.  Locks and dams and the river 

environment created by their construction may have multiple uses beyond navigation such as 

hydroelectric power generation, water storage, water flow stabilization, irrigation, flood 

control, land reclamation, water diversion, recreation and aesthetics (Cech 2003).  

The manipulation of rivers to create inland waterways for the transportation of people 

and goods has occurred around the world for centuries.  In ancient Egypt, Greece, and China, 
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canals were constructed to aid the movement of commerce and people.  Locks or step-like 

structures were also constructed along rivers and canals to maintain a gradual elevation change 

for vessels.  The development of inland waterways in the United States (U.S.) began in earnest 

during the 1800s.  In the early 1800s only 100 miles of inland waterways existed in the U.S.  In 

1808 Albert Gallatin, the U.S. secretary of the treasury, submitted a report to Congress, known 

as the Gallatin Report, that proposed a comprehensive inland waterway expansion plan.  

Shortly thereafter, in 1824, Gibbons v. Ogden was heard by the U.S. Supreme Court.  The 

Court’s ruling found the federal government’s involvement in navigation improvements 

appropriate under the Interstate Commerce Clause of the U.S. Constitution.  Work was 

immediately authorized along the Mississippi and Ohio rivers to remove sandbars and snags for 

navigation.  Federally funded lock and dam construction began in the early 1900s along the 

Mississippi River and Ohio River.  Positive and negative alterations to the environmental and 

human dimensions eventually materialized due to the construction of these and other 

regulating structures (Cech 2003).        

 

Inland Waterways  

Inland waterways are created by the construction of a series of locks and dams that 

convert a river into a series of impoundments.  Within each impoundment, the primary 

management focus is to maintain adequate depth for commercial navigation.  Initially, after 

lock and dam construction, a river’s upstream aquatic surface expands allowing for uses beyond 

commercial navigation, such as fishing (Schramm Jr. et al. 2008). 

 



 

6 
 

National 

There are 25,000 miles of inland, intracoastal and coastal waterways and channels in the 

U.S.  The U.S. Army Corps of Engineers (USACE) maintain 12,000 miles of commercially active 

waterways (USACE Institute for Water Resources 2009).  The waterway system maintained by 

the USACE consists of 275 lock stations at 230 lock sites.  The Mississippi River, the Ohio River 

Basin, the Gulf Intracoastal Waterway, and the Pacific Coast systems are major commercially 

active waterways in the U.S. managed by the USACE (USACE 2005).  Strings of impoundments 

were created along these waterways due to the construction of locks and dams (Schramm Jr. et 

al. 2008).  

The Mississippi River system has three sections, the upper, middle, and lower.  The 

Upper Mississippi River (UMR) stretches from St. Anthony Falls, Minnesota to Alton, Illinois (i.e., 

at the confluence of the Mississippi and Missouri rivers).  The Middle Mississippi River (MMR) 

flows from Alton to Cairo, Illinois (i.e., at the confluence of the Mississippi and Ohio rivers).  The 

Lower Mississippi River (LMR) represents the portion of the Mississippi River that stretches 

from Cairo to the Head of Passes in Louisiana where the river branches into distinct sections, 

eventually emptying into the Gulf of Mexico (Schramm Jr. 2004).  The UMR consists of 29 locks 

and dams.  No locks and dams exist on the MMR and LMR (USACE 2005).  Several larger rivers, 

in addition to the Missouri and Ohio rivers, are manipulated by locks and dams and converge 

with the Mississippi River along its path from St. Anthony Falls to the Head of Passes.  The 

Illinois, Kaskaskia, Arkansas, and Ouachita rivers all maintain locks and dams and converge with 

the Mississippi River at various points along its path.  
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The Ohio River Basin consists of the Ohio River, which flows from Pittsburgh, Ohio to 

Cairo, Illinois where it converges with the Mississippi River, and several other manipulated river 

systems that include the Monongahela, Tennessee, Allegheny, Cumberland, Kanawha, Green, 

Kentucky, and Clinch rivers.  Sixty locks-and-dams are present throughout the Ohio River Basin.  

The Ohio River contains 20 of these locks and dams.  The remaining locks and dams are found 

on the Monongahela and Tennessee with nine each, the Allegheny with eight, the Cumberland 

and Kentucky with four each, the Kanawha and Green with three each, and the Clinch with one.      

The Gulf Intercoastal Waterway (GIWW) and the Columbia River system are two more 

U.S. waterways.  The GIWW is made up of small rivers, navigable bayous and channels along 

the Gulf of Mexico.  The GIWW is not defined as well as river systems similar to the Mississippi 

and Ohio rivers, but the GIWW does contain ten locks and dams.  The Columbia River system is 

comprised of the Columbia, Snake and Willamette rivers.  The Columbia River system possesses 

eight locks and dams and is primarily located in Washington state and Oregon and eventual 

empties into the Pacific Ocean (USACE 2005). 

  

Regional 

Numerous river basins regulated for navigation are located in the southeastern U.S., 

also known as the Eastern Gulf Coast Region, which lies west of the Atlantic slope and east of 

the Mississippi River (Fenneman 1938).  The region’s major rivers (from west to east) that 

empty into the Gulf of Mexico include: the Pearl, Pascagoula, Mobile, Escambia-Conecuh, 

Choctawhatchee, Apalachicola, and Suwannee rivers.  These rivers and their associated 
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tributaries flow through a region consisting of a moderate climate, with warm summers, mild 

winters, and abundant rainfall (Ward, Harris, and Ward 2005).   

Human activities have impacted all of the major rivers in the Eastern Gulf Coast Region. 

Throughout history, these rivers represented a source of transportation, food, hydropower 

(mechanical and electrical), domestic agriculture, and industrial water supply.  Today, 

hydroelectric and navigation dams are numerous along these rivers.  The rivers’ main channels 

were deepened to aid navigation, establishing aquatic areas that resemble lentic (reservoir) 

environments instead of riverine environments.  The fauna associated with these areas also 

changed due to the creation of lentic environments (Ward, Ward, and Harris 1992).  

The Eastern Gulf Coast Region consists of several physiographic provinces which the 

region’s major rivers flow through.  The most southern province is the low gradient Coastal 

Plain.  Moving northward (i.e., upstream), an abrupt change in the terrain’s gradient occurs at 

the Fall Line which separates the Coastal Plain province from the Appalachian Highlands.  Falls 

and shoals frequented rivers along the Fall Line prior to human river regulation.  The Fall Line 

extends from mid-Georgia through Alabama into northeastern Mississippi.  The Piedmont, 

Appalachian Plateau, Valley and Ridge, and Blue Ridge physiographic provinces are found above 

(i.e., North or upstream) the Fall Line.  These four provinces are varied.  The Piedmont province 

is characterized by gently rolling upland, while the Appalachian’s terrain, consisting of canyons 

and steep slopes, has a higher gradient.  The Valley and Ridge province is characterized by 

folded terrain.  The Blue Ridge province provides the steepest terrain with an irregular 

sequence of mountains, ridges, and basins (Ward, Harris, and Ward 2005).  Figure 1 depicts the 

physiographic provinces of the eastern Gulf Coast region (Fenneman and USGS 1946).  
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Additionally, all of the major rivers in the eastern Gulf Coast region are located in the 

Temperate Deciduous Forest biome (Ward, Harris, and Ward 2005).  The rivers also drain four 

terrestrial ecoregions: the Southeastern Mixed Forests, Southeastern Conifer Forest, 

Appalachian Mixed Mesophytic Forests, and the Appalachian/Blue Ridge Forests (Ricketts et al. 

1999). 

Figure 1. Physiographic provinces of the eastern Gulf Coast region (figure 1 is from Fenneman 
and USGS 1946) 

 

 

Mobile River System 

The Mobile River Basin, located in the eastern Gulf Coast region, consists of a large 

portion of Alabama, northwest Georgia, southeastern Tennessee, and northeastern Mississippi.  

Seventy-one percent of the basin is located in Alabama.  The basin is the largest in the Eastern 

Gulf Coast Region and is one of the largest basins in North America.  North Georgia, north 

Alabama, and northeastern Mississippi contain the Mobile River system’s headwaters.  The 

Mobile River system starts in the Blue Ridge province and flows through the Appalachian 

Plateau, Piedmont, and Valley and Ridge provinces prior to dissecting the Coastal Plain and 

3. Coastal Plain 
4. Piedmont 
5. Blue Ridge 
6. Valley and Ridge 
8. Appalachian Plateaus 

4 
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eventually emptying into the Gulf of Mexico.  The Mobile River basin also contains all four 

terrestrial ecoregions found in the eastern Gulf Coast region. 

Seven main rivers make up the Mobile River system: the Tombigbee, Sipsey, Black 

Warrior, Cahaba, Coosa, Tallapoosa, and Alabama rivers.  Currently, the main channel of the 

Cahaba River and the Sipsey River are the only unregulated rivers within the Mobile River 

system.  The other five rivers comprising the Mobile River system contain regulating structures 

(e.g., locks and dams and/or hydropower dams) (Ward, Harris, and Ward 2005).  

The Alabama River, which forms at the confluence of the Coosa and Tallapoosa rivers, 

contains three locks and dams.  The Coosa and Tallapoosa rivers maintain several regulating 

structures north of their convergence, but these structures are primarily used for flood 

control/water storage, recreation, and hydropower.  None of these structures allows for 

longitudinal river navigation.  The Black Warrior-Tombigbee Waterway contains six locks and 

dams, all owned by the USACE South Atlantic Division’s Mobile District.  The Black Warrior River 

forms from the confluence of the Sipsey, Mulberry, and Locust forks.  Four of the six locks and 

dams on the Black Warrior-Tombigbee Waterway are found on the Black Warrior River prior to 

its convergence with the Tombigbee River at Demopolis, Alabama.  A lock and dam is situated 

near the confluence of the Black Warrior and Tombigbee rivers.  As the river flows south, one 

additional lock and dam is found prior to the river reaching Mobile, Alabama (USACE Mobile 

District 2007; USACE Mobile District 1971; USACE Operations Division Mobile District n.d.).  The 

Tennessee-Tombigbee Waterway, which opened for commercial traffic in January of 1985, 

connects the Tombigbee River north of Demopolis with the Tennessee River, at Pickwick Lake.  
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Ten locks and dams create the Tennessee-Tombigbee Waterway (USACE Tennessee Tombigbee 

Waterway Mobile District n.d.). 

The major environmental and social concerns within the Mobile River basin are water 

allocation and sedimentation.  The Alabama-Coosa-Tallapoosa (ACT) sub-basin in the Mobile 

River system and the Apalachicola-Chattahoochee-Flint (ACF) basin in Georgia and Florida have 

intensely debated water allocation since the early 1980s.  The environmental and social 

concerns surrounding the water allocation debate include whether reduced in-stream flows, 

due to water transfers from the ACT basin to the ACF basin for use by the city of Atlanta, 

Georgia, will impair downstream environments and human activities.  Additionally, 

sedimentation or siltation is a severe issue within the Mobile River system.  Non-point source 

agricultural runoff, urbanization and development, and point-source effluents coupled with 

sediment transport complications due to declining longitudinal connectivity from regulating 

structures has created environmental and social problems (Ward, Harris, and Ward 2005). 

 

Inland Waterway Characteristics 

Lentic Environment 

Locks and dams along inland waterways initially expand rivers’ upstream aquatic surface 

area and raise rivers’ water stage level, creating aquatic pools or reservoirs.  This has a 

significant impact on rivers’ hydrology and creates areas with lentic/lake-like characteristics 

(Pinter at al. 2010).  Extensive recreation opportunities, including fishing, are created due to the 

increase in lentic habitat (Schramm Jr. et al. 2008).  Figure 2 and figure 3 depict the impact a 

lock and dam can have on a river’s upstream characteristics.  Figure 2 shows the Black Warrior-
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Tombigbee River prior to the construction of the Demopolis Lock and Dam, and figure 3 shows 

the same area shortly after construction.  The increase in lentic habitat, upstream of the lock 

and dam, is visible. 

Figure 2. Black Warrior-Tombigbee River near Demopolis, Alabama in 1941 (Photo courtesy of 
University of Alabama Map Library)  

 
 
Figure 3. Black Warrior-Tombigbee River near Demopolis, Alabama in 1959 (Photo courtesy of 
University of Alabama Map Library) 

 
 



 

13 
 

Lateral Connectivity 

Hydrological connectivity operates on the four dimensions of fluvial hydro-systems: 

longitudinal, lateral, vertical, and temporal.  The longitudinal dimension represents the 

upstream-downstream gradient.  The lateral dimension represents the exchange between the 

main channel and off-channel areas such as backwaters and the floodplain.  Figure 4 depicts an 

example of an off-channel area that is laterally connected to a main river channel.  The vertical 

dimension represents the exchange between the surface and groundwater, and the temporal 

dimension represents the change occurring over a period of time, short and long (Amoros and 

Bornette 2002). 

Figure 4. An example of an off-channel area that is laterally connected to a main river channel 
(Photo courtesy of Alabama State Water Program and the USDA National Agriculture Imagery 
Program) 

 
 

The significance of large rivers’ longitudinal structure is explained by the River-

Continuum Concept (RCC).  The RCC explains that physical forces along the longitudinal length 

of a river impact a river’s physical and hydrologic structure.  The concept assumes energy for 

biological processes come from: 1) allochthonous inputs, 2) autochthonous production, and 3) 
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transport of organic material from upstream (Johnson, Richardson, and Naimo 1995).  The 

concept, however, neglects the effect floodplains, backwaters and lateral connectivity have on 

rivers.  Lateral connectivity creates off-channel areas such as side-arms, backwaters, cut-off 

braided channels, oxbow lakes, floodplain ponds and marshes (Amoros and Bornette 2002).  A 

river’s lateral connectivity and interactions with the floodplain and backwaters often dominate 

a river’s longitudinal characteristics (Junk, Bayley, and Sparks 1989).  Sedell, Richey, and 

Swanson (1989) state that lateral connectivity is “an integral part of carbon and biochemical 

cycling systems and of the fisheries ecology of rivers of all sizes.”  Floodplains and river channels 

are often described as a single unit due to their combined importance for fish survival (Junk, 

Bayley, and Sparks 1989).  A more robust and comprehensive view of river ecosystems are 

provided when accounting for lateral connectivity (Sedell, Richey, and Swanson 1989). 

The flood-pulse concept recognizes the importance of the productive backwaters and 

introduces a lateral dimension to river systems, expanding on the RCC (Johnson, Richardson, 

and Naimo 1995).  A river’s ecological integrity is driven by connectivity, longitudinal and 

lateral.  Riverine connectivity provides a higher degree of resilience for the system and for this 

reason should be a focus of river restoration (Jungwirth, Muhar and Schmutz 2002).  

 

Impairments 

 Numerous impairments may occur on inland waterways which include: erosion, 

sedimentation, and siltation; organic enrichment and low dissolved oxygen; excessive nutrient 

loading; pathogen contamination; abundant metals; high ammonia levels; pH alteration; 

pesticide and herbicide loading; and unlawful National Pollution Discharge Elimination System 
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(NPDES) discharges.   Increased sedimentation is frequently listed as the primary impairment of 

river systems throughout the U.S. (Alabama Department of Environmental Management et al. 

n.d.).  A few of the reasons for increased sedimentation are:  locks and dams decreasing main 

channel and off-channel water flows, creating upstream sediment traps; waterway 

management that constricts water flows to the main stem; commercial navigation traffic; and 

maintenance dredging (Schramm Jr. 2004; USACE 2005).    

Schramm Jr. et al. (2008) notes that “sedimentation is a significant threat to off-channel 

habitats in impounded river systems.”  As impounded or regulated systems age, the main river 

channel, littoral zone, and valuable laterally connected habitats can be temporarily or 

permanently altered due to sedimentation (Junk, Bayley, and Sparks 1989).  Sedimentation in 

off-channel areas occurs in altered and unaltered river systems.  In unaltered river systems 

sediment is frequently deposited in off-channel areas.  Some sediment-laden off-channel areas 

are eventually abandoned, while at the same time new off-channels are created.  Rivers altered 

for navigation are essentially locked in their channels unable to form new off-channels while 

older off-channels are slowly degraded by sedimentation.  A river’s natural equilibrium is lost 

(Schramm Jr. et al. 2008; Tockner, Schiemer, and Ward 1998).  Dredging the main channel for 

commercial navigation amplifies this problem through further channel constriction.  Channel 

constriction may also Increase flood heights by directly and indirectly cutting off lateral 

connections (Sparks 1995).  The river’s hydraulic capacity can decrease significantly due 

declining lateral connectivity caused by erosion, sedimentation, and siltation.  During flood 

events, floodwaters are forced into non-flood prone areas due to the river’s reduced hydraulic 

capacity (Alabama Department of Environmental Management et al. n.d.).  An additional result 
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of locks and dams and channel constriction may be the increase in off-channel sedimentation 

during low flows and the decline of scouring during high flows thus negatively affecting the 

sustainability of lateral connections (Schramm Jr. 2004). 

The UMR and the McClellan-Kerr Arkansas Navigation System (MKARNS) provide 

examples of the effects of sedimentation on off-channel areas (Upper Mississippi River Basin 

Commission 1982; Schramm Jr. et al. 2008).   Along the UMR, habitat loss, particularly off-

channel habitat loss, due to sedimentation has accelerated because of river impoundments and 

the system’s subsequent management, which includes channelization and dredge material 

disposal.  Sedimentation from bank erosion and navigation traffic, to a lesser extent, has also 

negatively impacted off-channel habitats.  The UMR’s impoundments formed due to the 

construction of 29 navigation structures between 1885 and the 1930s increased the aquatic 

surface area by 54 percent (Upper Mississippi River Basin Commission 1982).  Off-channel 

habitat loss was predicted for these impoundments, and 35 years after construction finished, 

25 percent of the off-channel habitats were lost (Schramm Jr. et al. 2008; Upper Mississippi 

River Basin Commission 1982).  Sedimentation is identified as one of the major causes of off-

channel habitat (e.g., backwater habitat) degradation on the UMR (Gent, Pitlo, and Boland 

1995).  The U.S. Geologic Survey (USGS) Upper Midwest Environmental Sciences Center (1999) 

states that: 

…sedimentation is among the most critical ecological problems in the UMRS.  The 
prediction that ecologically productive backwaters will fill and disappear in the next 50 
to 100 years is alarming and clearly identifies sedimentation as a major concern of 
natural resource managers. 
 
Similar off-channel habitat reductions have been reported on other U.S. inland 

waterways.  The off-channel habitats in the MKARNS, between 1973 and 1999, decreased by 
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15.6 percent or 2,279 hectares.  Additionally, the Tennessee-Tombigbee Waterway, which is a 

serial lock and dam navigation system in northeast Mississippi and southwest Alabama, saw 

reductions, although not quantified, in off-channel habitats due to sedimentation during the 

first 20 years after completion (Schramm Jr. et al. 2008).  

Other potentially adverse activities on inland waterways may include commercial 

navigation and maintenance dredging operations.  Commercial navigation traffic may increase 

sedimentation in addition to changing the currents’ velocity and direction, water levels, and 

scouring the river bed (USACE 2005).  The actual maintenance dredging operations may also 

adversely affect water quality, fish and wildlife, vegetation, and aesthetic values by re-

suspending sediments into the water column creating turbidity issues; however, the dredging 

impacts may be a short-term and localized problem with turbidity levels being in the natural 

ranges of rivers, except at the point of discharge.  It is believed that any localized adverse 

impacts decrease quickly downstream of the discharge (USACE Mobile District 1976). 

 

Inland Waterway Users and Economic Impacts 

Two main groups use USACE managed inland waterways: 1) waterborne shippers and 

carriers and 2) recreationists.  Waterborne shippers own and move cargo.  These waterborne 

shippers include coal, petroleum, grain, raw material, metal ores, stone and gravel, steel, 

cement, and chemical companies.  Carriers represent the transporters of cargo (e.g., the barge 

lines) (Hanson Professional Services, Inc. 2007; Waterways Council Inc. 2009; USACE Institute 

for Water Resources 2009).  About 630 million tons of cargo, valued at over $70 billion, are 
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transported annually on inland waterways managed by the USACE (USACE Institute for Water 

Resources 2010).  

Recreationists utilize resources at 419 USACE lakes in the U.S.  In 2006, over 372 million 

visits (person-trips) occurred at USACE managed areas.  These included picnickers, campers, 

swimmers, water skiers, boaters, sightseers, fisherman, hunters, and others. The number of 

visits per visitor category is depicted in table 1 (USACE 2006a). 

Table 1. Visits (person-trips) to USACE managed lakes (Data from USACE 2006a)  

Visitor Category Visits (person-trips) 

Sightseers 118,031,295 

Fishermen           93,532,881 

Boaters           81,990,529 

Other           69,153,976 

Swimmers           46,928,231 

Picnickers           42,026,050 

Water skiers           15,612,976 

Hunters             7,985,210 

Campers             5,338,943 

 
The 372 million visits to USACE lakes created $8.1 billion in visitor spending within a 30 mile 

radius of these lakes.  Sixty-two percent of the spending was captured by the local economy. 

With a multiplier effect, visitor trip spending accounted for an additional $7.8 billion and $3.9 

billion in value added (i.e., wages and salaries, payroll benefits, profits and rents and indirect 

business taxes).  Additionally, 104,811 jobs in local communities were supported by USACE 

lakes (USACE 2006a). 

Looking beyond USACE managed lakes and detailing the economic impacts of natural 

and recreation resources at the national-level further underscores the importance these types 

of resources have on the nation’s economy and social wellbeing.  For example, the total 

wildlife-related recreation expenditures in 2006 represented one percent of the Gross Domestic 
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Product while supporting hundreds of thousands of jobs and providing recreational activities 

for millions of U.S. residents. 

The U.S Fish and Wildlife Service’s 2006 National Survey of Fishing, Hunting, and 

Wildlife-Associated Recreation found that 87.5 million U.S. residents 16 years old and older 

participated in wildlife-related recreation.  Wildlife-related recreation includes sportspersons, 

defined as individuals who fished and/or hunted for recreation, and wildlife watchers, defined 

as individuals who take a special interest in wildlife around their homes or take a trip for the 

primary purpose of wildlife watching.  Table 2 categorizes these recreationists (U.S. Department 

of the Interior et al. 2007).  

Table 2. U.S. fishing, hunting, and wildlife-associated recreation participants (Data from U.S. 
Department of the Interior et al. 2007)  

Participant Type Number of Participants (millions) 

Sportspersons 33.9* 

Angler                                        30.0 

Hunter                                        12.5 

Wildlife Watchers   71.1** 

Around the home                                        67.8 

Away from home                                        23.0 

Total Participants                                        87.5 

*8.5 million both fished and hunted 
**19.7 million both wildlife watched around  the home and away from home 
 
The total U.S. fishing, hunting, and wildlife-associated recreation expenditures equaled $122.3 

billion in 2006. These expenditures are categorized by recreation activity type in table 3 (U.S. 

Department of the Interior et al. 2007). 
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Table 3. U.S. fishing, hunting, and wildlife-associated recreation expenditures (Data from U.S. 
Department of the Interior et al. 2007) 

Recreation Activity Type Expenditures ($billions) 

Sportspersons 76.7 

Fishing 42.0 

Hunter 22.9 

Unspecified 11.7 

Wildlife Watchers 45.7 

Around the home 67.8 

Away from home 23.0 

Total Expenditures                                   122.3 

 

 

Lateral Connectivity’s Significance  

Environmental Dimension 

Movement among habitats along a river system is an important aspect of fish 

population recruitment and sustainability.  River connectivity to off-channel areas such as 

tributaries, side channels, sloughs, and backwaters provides important spawning and nursery 

habitats that larval, juvenile, and adult fish populations depend on for survival (Sparks 1995; 

Bayley 1995).  Junk, Bayley, and Sparks (1989) note that the river-floodplain relationship is 

analogous to vehicles on a highway network.  Fish migrate within a river channel similar to 

vehicles traveling on a highway.  Fish and vehicles must frequently leave the river channel and 

highway respectively for sustenance.  Exiting the river channel allows fish to consume and 

transport resources, thus resembling resource consumption and transportation on a highway 

network (Junk, Bayley, and Sparks 1989).  Historical evidence from the UMR identified by Junk, 

Bayley, and Sparks (1989) also supports the idea that a high level of secondary production 
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requires a nearby center of primary production, rather the long-distance transport of organic 

matter from upstream sources via the main channel. 

Laterally connected areas may also serve as a refuge during natural and human induced 

disturbances (Amoros and Bornette 2002).  In temperate rivers, fish are prone to migrate to 

backwaters during the winter months to escape the low temperatures and currents.  Food 

supply and a fish’s metabolism are low during the winter months and backwaters provide 

shelter from expending energy (Sparks 1995).  Gent, Pitlo, and Boland (1995) documented the 

high utilization of backwater areas for overwintering habitat by largemouth bass on the UMR.   

Declining lateral connectivity limits fish species movements and creates detached 

populations. Fish species biodiversity, in some cases, may initially increase due to 

fragmentation producing an array of habitats, but as fragmentation progresses species 

biodiversity will decline as fragmented areas move towards geographical and temporal 

uniformity (Tockner, Schiemer, and Ward 1998).   

Declining fish populations were attributed to increased sedimentation and declining 

backwaters along the Illinois and Missouri rivers (Jackson and Starret 1959; Funk and Robinson 

1974).  Declines in yellow perch and largemouth bass populations were specifically linked to 

sedimentation in a backwater lake of the Illinois River.  The Lower Missouri River also realized 

fishery degradation as a result of habitat change, specifically the reduction of chutes and 

backwaters (Gent, Pitlo, and Boland 1995).  As previously mentioned, the off-channel habitats 

in the MKARNS, between 1973 and 1999, decreased by 15.6 percent or 2,279 hectares.  When 

analyzed, the vast majority of the off-channel habitat that remained was shallow water habitat, 

habitat that is less than 0.9 meters (2.95 feet).  Quality off-channel habitat is essential to 
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sustain fisheries and excessive amounts of shallow water may negatively impact fish 

populations.  The UMR’s loss of off-channel habitat, as previously noted and similar to the 

Lower Missouri River, reduced and in some cases eliminated fish populations dependent on 

those areas (Schramm Jr. et al. 2008).   

Another example of the impacts of reduced lateral connectivity due to river regulation is 

along the River Danube in Austria.  Annual short-term floods continue to transport fine 

sediments from backwater areas, but these occurrences are too short-lived to establish river 

habitats.  Short-lived flood events do not provide the adequate time for biological processes in 

the littoral zone to progress to backwaters (Tockner, Schiemer, and Ward 1998).  Additionally, 

lateral connectivity can help reduce the nutrient-loading to rivers by providing a natural 

filtration system (Sparks 1995).  The importance of lateral connectivity is further detailed in the 

1976 Black Warrior and Tombigbee River Final Environmental Impact Statement (FEIS):  

Flood control on the Black Warrior River reduces flood heights downstream, thereby 
reducing bank overflow.  This detrimentally affects the fisheries because high water is 
an important factor to the contribution of food to the stream and enrichment of the 
flood plain by the deposition of nutrient-rich silt.  It is an important factor in the life-
cycle of many animals and the organic detritus picked up by the stream contributes to 
the productivity of not only the river but its bay (USACE Mobile District 1976). 

 

Human Dimension 

Lateral connections between a river system’s main channel and off-channel areas 

provide numerous recreation opportunities to people, including access to productive fisheries 

(USACE Mobile District 1971).  Public access on USACE managed waters extends to laterally 

connected waters based on the Flood Control Act of 1944, as amended.  The Act’s amended  
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version pertaining to public access states: 

The water areas of all such projects shall be open to public use generally for boating, 
swimming, bathing, fishing, and other recreational purposes, and ready access to and 
exit from such areas along the shores of such projects shall be maintained for general 
public use, when such use is determined by the Secretary of the Army not to be contrary 
to the public interest, all under such rules and regulation as the Secretary of the Army 
shall deem necessary (USACE Mobile District 1971). 
 

36 C.F.R. § 327.3(c) (2010) also provides public access to laterally connected waters by stating 

that:  

Vessels or other watercraft may be operated on the project waters, except in prohibited 
or restricted areas in accordance with posted regulations, including buoys, and 
applicable Federal, state, and local laws, as regulated by authorized enforcement 
officials (36 C.F.R. § 327.3(c) (2010)).   
 

Project waters refer to all water areas of a USACE’s water resource development project 

without regard to ownership of the underlying land (36 C.F.R. § 327.1(c) (2010)).  

Lateral connectivity is often described in terms of small boat access channels when 

discussing its connections with the human dimension (Nielsen 1999).  Researchers have 

detailed why small boat access channels are generally important to the human dimension, but 

limited literature exists regarding the impacts changes to small boat access channels have on 

the human dimension.  Small boat access channels and their off-channel areas (i.e., sloughs, 

backwaters, etc…) and fisheries are public resources developed by the USACE through inland 

waterway construction.  It is contended that U.S. taxpayers paid for the development of the 

USACE civil water works projects, and thus the entire populace has ownership.  The USACE 

holds these resources in trust, as common property, for general public use (Nielsen 1999).  All 

environmental alterations to these public resources, specifically small boat access channels, 

directly impact the human dimension (Nielsen 1999; Harper 2008).  A river’s lateral connectivity 



 

24 
 

and the recreation activities that stem from its presence provide social, cultural, and economic 

benefits to the human dimension (Marmulla 2001). 

Adams et al. (1987) documented the impact sedimentation had on human activities 

along the UMR, specifically in Quincy Bay, and found that sedimentation was reducing boating 

access to adjacent sloughs and fish habitats.  Recreation resources were also impacted on the 

Illinois River’s backwaters and side channels, where over the past century 70 percent of the 

Illinois River’s backwaters and side channels filled with sediment (Marlin 1999).  Reduced public 

access in the Illinois River floodplain between 1880 and 1920 was also due to landowners, 

private hunting clubs, and drainage and levee districts restricting access.  Fences and levees 

were built across the bottomlands and sloughs of the river to decrease public access (Schneider 

1996).  Stakeholder frustration may result from this reduction in historical access (Maceina and 

Slipke 2005; Marmulla 2001; Marlin 1999).   

Gent, Pitlo, and Boland (1995) documented the restoration of a 453-acre backwater 

area on the UMR.  Both angler and fish access had deteriorated since the main channel’s 

impoundment.  During the restoration process, access canals to backwater areas were 

excavated.  Angler effort and total catch were estimated for two years after restoration.  

Estimated angler effort and total catch increased 58 percent and 117 percent, respectively, 

when compared to the two years prior to restoration (Gent, Pitlo, and Boland 1995).  Although 

access was not modeled, Arlinghaus (2006) found a significant positive correlation between an 

individual’s likelihood to angle and the percentage of freshwater area related to total area 

around an individual’s residence. 
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The overall condition of a river and its fisheries is dependent on maintaining the needs 

of humans (Marmulla 2001).  Modifications to a fishery, which is a non-portable resource, 

impact the way humans interact with the system.  Limiting access is one modification that may 

curtail human use of a fishery, thus decreasing the system’s benefits.  Schramm Jr. et al. (2008), 

based on the off-channel habitat loss occurring on the MKARNS, stated that:     

Losses of these habitats can be expected to adversely affect recreational fishing due, 
directly, to reductions in the area of habitats where anglers fish and, indirectly, to 
declines in quantity and quality of sport fishes.  The large extent of shallow water also 
impedes access, thereby diminishing the use of these areas to recreational fishing. 
 
Human dimensions researchers, Driver and Cooksey (1980), Fedler and Ditton (1994), 

and Chen, Hunt, and Ditton (2003), stress the importance of providing a diverse recreational 

experience, specifically for anglers.  As fishing pressure increases with human population, Chen, 

Hunt, and Ditton (2003) note that anglers are demanding diverse fishing opportunities and 

want a greater variety in the size and number of fish from their targeted species.  This is 

specifically the case for largemouth bass.  In order to maintain and improve stakeholder 

satisfaction, management activities need to reflect these desires.  By analyzing a Texas trophy 

largemouth bass fishery, Chen, Hunt, and Ditton (2003) uncovered the economic benefits 

attributed to such a fishery.  Chen, Hunt, and Ditton (2003) concluded that anglers are willing to 

pay additional costs to fish a lake that meets particular needs, and the local economy will 

benefit from an increase in non-local expenditures due to the provision of a unique fishing 

experience. 
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Inland Waterway Management 

General Jurisdiction 

The USACE maintains jurisdiction over navigable waters and adjacent wetlands of the 

U.S. under the River and Harbor Act of 1899 and the Clean Water Act (CWA).  Section 9 and 10 

of the River and Harbor Act of 1899 prohibits the construction of a dam or dike, the creation of 

any obstruction not authorized by Congress, and the construction of any wharf, pier, dolphin, 

boom, weir, breakwater, bulkhead, jetty, or other structures in any port, roadstead, haven, 

harbor, canal, navigable river, or other water of the U.S., outside established lines, or where no 

harbor lines have been established without authorization by the USACE.  Additionally, it is 

unlawful to excavate, fill, or in any manner alter or modify the course, location, condition, or 

capacity of any port, roadstead, haven, harbor, canal, lake, harbor, refuge, enclosure within the 

limits of any breakwater, or of the channel of any navigable water of the U.S. without 

authorization from the USACE (Rivers and Harbors Appropriation Act of 1899 as amended, 33 

U.S.C. §§ 401 and 403 (2007)).  Additionally, section 404 of the CWA requires the USACE to 

authorize the discharge of dredge or fill material into the United States’ waters (U.S. EPA and 

Department of the Army 2008).   

 

Jurisdiction and Management Authority of Lateral Connectivity 

The River and Harbor Act of 1899 provides a liberal definition of navigable waters 

stating that USACE’s jurisdiction extends “laterally over the entire surface of the waterbody”  
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(33 C.F.R. § 329.4 (2011)).  The 1899 Act’s definition of navigable waters is:   

…those waters that are subject to the ebb and flow of the tide and/or are presently 
used, or have been used in the past, or may be susceptible for use to transport 
interstate or foreign commerce.  A determination of navigability, once made, applies 
laterally over the entire surface of the waterbody, and is not extinguished by later action 
or event which impede or destroy navigable capacity (33 C.F.R. § 329.4 (2011)). 
 

Title 33 section 329.11(a) (2011) of the Code of Federal Regulations reinforces the lateral 

dimension of USACE’s jurisdiction over navigable waters of the U.S.  Title 33 section 329.11(a) 

(2011) states:  

Federal regulatory jurisdiction and powers of improvement for navigation extend 
laterally to the entire water surface and bed of a navigable waterbody, which includes 
all the land and water below the ordinary high water mark.  Jurisdiction thus extends to 
the edge of all such waterbodies, even though portions of the waterbody may be 
extremely shallow, or obstructed by shoals, vegetation or other barriers.  Marshlands 
and similar areas are thus considered navigable in law, but only so far as the area is 
subject to inundation by the ordinary high waters (33 C.F.R. § 329.11(a) (2011)). 
 

Title 33 section 329.11(a)(2) (2011) of the Code of Federal Regulations also clarifies that the 

ownership of lands inundated does not impact USACE’s jurisdiction of navigable waters.  The 

section states that:  

…private ownership of the underlying lands has no bearing on the existence or extent of 
the dominant Federal jurisdiction over a navigable waterbody (33 C.F.R. § 329.11(a)(2) 
(2011)). 
 

Section 404 of the CWA also asserts USACE’s lateral jurisdiction of U.S. waters.  Section 404 

requires the USACE to authorize the discharge of dredge or fill material into the United States’ 

waters.  The jurisdictional limits of the USACE’s authority under section 404 of the CWA include 

navigable waters which are defined as “waters of the United States including the territorial  
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seas” (33 C.F.R. § 328.1 (2011)).  “Waters of the United States” include:  

All waters which are currently used, or were used in the past, or may be susceptible to 
use in interstate or foreign commerce, including all waters which are subject to the ebb 
and flow of the tide (33 C.F.R. § 328.3(a)(1) (2011)).   
 

These waters are known as traditional navigable waters.  Under the CWA, the USACE also 

maintains jurisdiction over wetlands adjacent to traditional navigable waters, including those 

wetlands that do not have a continuous surface connection to traditional navigable waters.  The 

jurisdiction of the USACE under the CWA also extends to relatively permanent non-navigable 

tributaries of traditional navigable waters and wetlands with a continuous surface connection 

with such tributaries and not relatively permanent tributaries and their adjacent wetlands that 

have a significant nexus to traditional navigable waters (U.S. EPA and Department of the Army 

2008). 

Within its jurisdictional limits, the USACE maintains defined management authority 

according to numerous sources.  Section 4 (16 U.S.C. §§ 460(d) (2007)) of the Flood Control Act 

of 1944, as amended, provides authority to the USACE to: 

…construct, maintain, and operate public park and recreational facilities at water 
resource development projects under the control of the Department of the Army, to 
permit the construction of such facilities by local interests (particularly those to be 
operated and maintained by such interests), and to permit the maintenance and 
operation of such facilities by local interests (16 U.S.C. §§ 460(d) (2007)). 
 

Section 4 continues to state that: 

The water areas of all such projects shall be open to public use generally for boating, 
swimming, bathing, fishing, and other recreational purposes, and ready access to and 
exit from such areas along the shores of such projects shall be maintained for general 
public use, when such use is determined by the Secretary of the Army not to be contrary 
to the public interest, all under such rules and regulations as the Secretary of the Army 
may deem necessary,… (16 U.S.C. §§ 460(d) (2007)). 
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Section 207 of the Flood Control Act of 1962 (Flood Control Act of 1962, Pub. L. No. 87-874 (76 

Stat. 1195); 16 U.S.C. §§ 460(d) (2007)) amended section 4 of this Act by substituting references 

to “reservoir areas” for “water resource development projects,” and by authorizing the USACE 

to permit the construction, maintenance and operation of facilities by local interests.  This 

change broadened USACE’s authority to maintain lateral connectivity regardless of whether the 

project was originally authorized with recreation as a purpose (USACE Mobile District 1995). 

Regulations that govern the use of water resource development projects completed or 

under construction which are under the jurisdiction of the USACE are also found in section 327 

of Title 36 of the Code of Federal Regulations.  The section emphasizes the public use and 

interests rights.  36 C.F.R. § 327.1(a) (2010) states that: 

It is the policy of the Secretary of the Army, acting through the Chief of Engineers, to 
manage the natural, cultural and developed resources of each project in the public 
interest, providing the public with safe and healthful recreational opportunities while 
protecting and enhancing these resources (33 C.F.R. § 327.1(a) (2010)). 
 
In addition to Federal laws and regulations, management of recreation and 

environmental stewardship at USACE’s water resource development projects are also guided by 

the project’s master plan (MP) and operation and maintenance plans (OMP) (Demopolis Site 

Office staff including Larry Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon Smith, and 

Valencia Young, pers. comm.).  An MP’s goal is to provide an overall land and water 

management plan, resource objectives, and design and management concepts for the project.  

The OMP outlines the technical operation and maintenance requirements needed to meet the 

MP’s overall charge.  When developing MPs and OMPs, a portion of the USACE’s mission 

regarding recreation and environmental stewardship programs and activities is to be a steward 

of the lands and waters at USACE water resource projects; manage and conserve natural 
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resources, consistent with ecosystem management principles, while providing quality public 

outdoor recreation experiences to serve the needs of present and future generations; manage 

long-term public access to, and use of, natural resources; and integrate the management of 

diverse natural resource components such as fish, wildlife, forests, wetlands, grasslands, soil, 

air, and water with the provision of public recreation opportunities.  One specific program 

objective is: “to provide a quality outdoor recreation experience which includes an accessible, 

safe and healthful environment for a diverse population” (USACE 2008).  Within the Black 

Warrior-Tombigbee Waterway’s lakes OMP, navigation is identified as the priority purpose, but 

the plan also emphasizes, as another project purpose, the need to improve public access.  The 

OMP states that the “exploitation and despoilment of such values [public access] will not be 

permitted” (USACE Mobile District 1971).  The USACE continues to outline the importance of 

public access in its basic policies of outdoor recreation and environmental enhancement by 

stating management of water resource development projects should preserve and enhance the 

banks and shorelines while maintaining public access and preventing physical encroachments 

upon project waters (USACE 1985). 

The USACE’s Small Boat Access Channel Dredging Study clarifies and reiterates that the 

USACE is authorized to dredge historically open lateral connections (e.g., channels and sloughs 

to backwater areas) based on several Federal bills.  The Flood Control Act of 1944 serves as the 

basic authority to dredge historically open lateral connections/access channels to off-

channel/backwater areas for recreational purposes with USACE Operation and Maintenance 

funds (USACE Mobile District 1995).  Additionally, section 206 of the Water Resource 

Development Act of 1986, as amended, provides the USACE the authority to dredge access 
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channels if it improves environmental quality, is in the public interest, and is cost-effective.  

Section 206’s restoration program, known as aquatic ecosystem restoration, requires 35 

percent of the cost to come from non-federal interests.  Each fiscal year, there is $25 million 

appropriated to the program, and a single project maintains a $5 million Federal cost cap.  

Section 1135 of the Water Resources Development Act of 1986, as amended, also provides the 

USACE the authority to modify existing USACE projects to restore the environment and 

construct new projects to restore areas that were degraded by USACE projects.  For the project 

to be accepted for construction, a project investigation must show that it is technically feasible, 

environmentally acceptable, and provides cost-effective environmental benefits.  The 

maximum federal expenditure per project is $5 million.  Any project requiring federal funds in 

excess of $5 million must be authorized by Congress.  Section 1135 projects are funded on a 

cost share basis: 75 percent federal and 25 percent non-federal (USACE Walla Walla District 

n.d.; USACE Mobile District 1995).  Additionally, the section entitled “Contributions from Private 

Parties” of the Rivers and Harbors Appropriations Act of 1915 (33 U.S.C. §§ 560) allows the 

Corps to accept private funds for almost any dredging activities that are in the interest of 

navigation and a system’s maintenance dredging program (USACE Mobile District 1995).   

 

Historic Lateral Connectivity Management 

When authorized the priority of most USACE inland waterway development projects 

was the provision of a commercial transportation route.  Sparks (1995) maintains that 

environmental management agencies focused on water quality and management from a largely 

one-dimensional, channel-oriented perspective.  Floodplain dynamics and the importance of a 
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river’s lateral connectivity were initially recognized in the early twentieth century, but it wasn’t 

until the late 1970s and 1980s that the topic was revisited in-depth (Sparks 1995).  Although 

limited, a few inland waterways have included lateral connectivity management (Schramm Jr. 

2004).   

The Upper Mississippi River’s (UMR) 29 locks and dams constructed for commercial 

navigation initially increased the aquatic habitat area from 971 km2 to 1,495 km2 at low-water 

river stage.  This is a 54 percent increase (i.e., equivalent to 524 km2 or 129,483 acres or 202 

square miles).  The USACE is mandated to control flooding throughout the Mississippi River 

basin and to maintain a 9-feet deep, 300-feet wide navigation channel in the UMR.  Channel 

depth and alignment are maintained by wing dykes, closing dykes, bank revetment, and 

dredging.  Flood control and navigation dominate the management of the Mississippi River.  

Due to this primary mandate, the USACE manages the Mississippi River’s habitat and thus its 

fishery indirectly through flood control and navigation management practices.  Issues related to 

Mississippi River fisheries are usually linked to flood control and navigation management 

practices (Schramm Jr. 2004).  The USACE acknowledges the fish and wildlife habitat along the 

UMR has been declining in quantity, quality, and diversity for decades, and that the decline is 

connected to human activity which includes upland land use and development of the project’s 

navigation channel (USACE St. Paul District, Rock Island District, and St. Louis District 2010).  In 

addition to the USACE, ten state agencies also manage the Mississippi River fishery by 

establishing and enforcing harvest methods and limits.  These agencies also assist with 

providing boating and fishing access (Schramm Jr. 2004).  In 1986, the Upper Mississippi River 

Environmental Management Program (currently known as the Upper Mississippi River 
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Restoration Program) was authorized by Congress to complete habitat rehabilitation and 

enhancement projects and long-term resource modeling along the waterway.  The program is a 

partnership between the USACE, U.S. Fish and Wildlife Service, U.S. Geological Survey, and the 

States of Minnesota, Iowa, Wisconsin, Missouri, and Illinois.  The authorized program funding is 

$33.17 million annually.  Through fiscal year 2010, a total of about $400 million has been 

allocated to the program.  Habitat rehabilitation and enhancement projects combine various 

techniques to counteract the effects of an aging and impounded system.  Off-channel or 

backwater dredging is used as a management technique along with shoreline protection, island 

creation, water level control, secondary channel modification, and aeration.  Backwater 

dredging primarily consists of dredging channels and deepwater areas to improve fish, 

waterfowl, shorebird, and wading bird habitat.  As of October 2010, 53 habitat restoration and 

enhancement projects were completed that affected 95,100 acres.  Backwater dredging was 

completed on 30 of the completed projects affecting 53,330 acres.  Another 35 projects totaling 

80,810 acres are under construction or design, and 22 of these projects include backwater 

dredging that affects 53,060 acres (USACE St. Paul District, Rock Island District, and St. Louis 

District 2010).   

The McClellan-Kerr Arkansas Navigation System (MKARNS) is another prime example of 

a typical lock and dam commercial navigation system.  The MKARNS was completed in 1971 

and consists of 17 locks and dams.  The MKARNS created a series of impoundments whose 

lentic aquatic habitat developed into productive recreational fisheries while providing 

commercial navigation from the Mississippi River to Catoosa, Oklahoma.  To facilitate 

commercial navigation, 1,177 rock dikes were constructed to direct flows to the navigation 
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channel.  These dikes, in conjunction with shoreline revetments, reduced flows from secondary 

channels and closed off backwaters (Schramm Jr. et al 2008).  Figure 5 depicts a dike in the 

lower left corner along the MKARNS (USACE Little Rock District 2010). 

Figure 5. An example of a dike on the MKARNS (USACE Little Rock District 2010) 

 
 

Declining fish habitat, particularly backwater areas, became a concern along the MKARNS.  In 

an attempt to improve the aquatic habitat of the MKARNS, a dike and revetment notching 

program began in 2001.  The program was a partnership between the USACE and the Arkansas 

Game and Fish Commission.  The dike and revetment notching program established access 

areas or notches enabling water to flow freely from the main channel behind dikes and 

revetments.  The new habitat created behind the dikes and revetments improved spawning 

grounds for sport fish such as bass, crappie and bluegill.  Between 2001 and 2002, 47 notches 

were cut in dikes and revetments along the MKARNS.  The vast majority of the notches were 

large enough to give boats access; however, some were sized only to provide fish access 

(USACE Little Rock District 2010).  Figures 6 and 7 show examples of notched dikes on the 

MKARNS (USACE Little Rock District 2010). 
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Figure 6. An example of a dike being notched on the MKARNS (USACE Little Rock District 2010) 

 
 
Figure 7. An example of a notched dike on the MKARNS (USACE Little Rock District 2010) 

 
 

Decreased lateral connectivity is also becoming a recognized issue and a focus of 

restoration along waterways in the Netherlands and Austria.  Schropp and Bakker (1998) 

conducted an analysis of the importance of secondary channels as a basis for ecological 

rehabilitation in the rivers Rhine and Meuse in the Netherlands.  These rivers are highly 

regulated for navigation, which provides a great benefit but has decreased the rivers’ ecological 

diversity (Schropp and Bakker 1998).  The River Rhine changed from a meandering river to a 
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regulated and channelized system.  The habitat loss along the River Rhine was significant and 

the importance of reconnecting the river system was realized.  Pilot projects were implemented 

to reconnected isolated lakes to the river channel (Cals et al. 1998).  One benefit of improving 

lateral connectivity is the increase in the rivers’ cross-sectional area which will help reduce 

flood levels.  One lingering question raised is, “how many secondary channels make up a viable 

river ecosystem” (Schropp and Bakker 1998). 

In Austria, river regulation led to topographical stabilization of the main river channel 

and a reduction in the number of lateral aquatic connections.  A pre-restoration program began 

in 1990 on a portion of the Danube River in Austria to increase lateral river connectivity.  The 

restoration project intensified during the mid 1990s.  The restoration project included lowering 

riverside embankments, reopening former inflow channels, and reopening check dams that 

decrease lateral water movement.  Abiotic and biotic parameters were measured before, 

during, and after the restoration project (Tockner, Schiemer, and Ward 1998).   

 

Management Challenges 

Technical, political and institutional challenges are present with the maintenance of 

lateral connectivity.  The USACE notes that the main technical challenge facing lateral 

connectivity maintenance is limited manpower and equipment (USACE Mobile District 1995).  

River management issues are often assumed to be solvable by eliminating or minimizing the 

technical hurdles however, river management must recognize that it is about shifting patterns 

of access to and the allocation of a contested and scarce resource, in this case water, and is 

inherently a political process (Molle 2009).  Political and institutional challenges involve the 
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prioritization of management activities, management commitment, stakeholder diversity, 

funding, and the permitting process (Caldwell 1985; Cals et al. 1998; Food and Agriculture 

Organization of the United Nations 2003; Harper 2008; USACE Mobile District 1995; Demopolis 

Site Office staff including Larry Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon Smith, and 

Valencia Young, pers. comm.).   

Environmental management policy often becomes muddied in politics because of the 

varying impact it has on a range of constituent groups (Harper 2008).  Specifically, inland 

waterway management sometimes falls victim to short sightedness, and maintaining political 

commitment to river fisheries management has proven especially challenging.  This lack of 

commitment may stem from power differences among stakeholder groups.  These power 

differences may influence management practices and/or impact stakeholder involvement in the 

policy and/or management development process (Cals et al. 1998; Food and Agriculture 

Organization of the United Nations 2003).  Additionally, the implementation of policy directives 

from upper management by district level agencies (e.g., the USACE) can be highly influenced by 

local political pressures. Traditionally, policy implementation at the USACE’s district level has 

been driven by the development-minded constituents. However, recent pressure from pro-

environmental constituents has attempted to balance the traditional approach (Caldwell 1985).  

Strong and sustained political and institutional commitment to all stakeholders is needed to 

improve benefits received from river resources (Cals et al. 1998; Food and Agriculture 

Organization of the United Nations 2003). 

   The limited funds received by the USACE for lateral connectivity maintenance compared 

to the funds requested and the low priority given to lateral connectivity maintenance makes it 
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difficult to maintain a river system’s off-channel characteristics (Demopolis Site Office staff 

including Larry Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon Smith, and Valencia Young, 

pers. comm.).  USACE site offices submit annual budget proposals to upper management two 

years in advance of receiving funding.  Proposed budgets are developed across all functional 

areas of a site office.  An inland waterway site office manager must prioritize funding requests, 

due to their being no assurance of funding.  Specific operation and maintenance projects are 

outlined in budget proposals.  Channel depth maintenance for commercial navigation and lock 

maintenance usually take priority over lateral connectivity maintenance.  As site office budget 

proposals progress through the USACE chain of commands, proposed projects are continually 

reanalyzed and reprioritized.  As federal funding is appropriated to the USACE, each site office 

receives its share dependent on the amount appropriated by Congress and USACE upper 

management.  The site office then maintains some discretion to which projects actually get 

funded within its area due to needs potentially changing since the start of the budgetary 

process (Demopolis Site Office staff including Larry Dixon, Harvey Hawkins, Benjamin Sherrod, 

Brandon Smith, and Valencia Young, pers. comm.).        

The USACE Civil Works program, which funds inland waterway projects, receives funding 

through annual appropriation bills, such as Energy and Water Development Appropriations 

Acts, Continuing Appropriations Resolutions, Omnibus Appropriations Acts, etc… (Cater and 

Stern 2011).  The appropriations may be sourced from the General Fund, Harbor Maintenance 

Trust Fund, Inland Waterways Trust Fund, and Special recreation user fees.  Additional funding 

may be received from non-federal cost-sharing contributions (e.g., River and Harbor 

Contributed Funds), the Coastal Wetlands Restoration Trust Fund, and permanent 



 

39 
 

appropriations, among other sources (Office Assistant Secretary of the Army (Civil Works), 

USACE 2010).   

The President’s budget request for the USACE Civil Works program is annually submitted 

to Congress for approval.  The President’s budget request incorporates input from USACE 

headquarters, divisions, and districts and the Office of Management and Budget.  The 

President’s budget request is often a starting point for congressional action, and based on 

historical appropriations and input from USACE representatives.  It closely characterizes what 

the final budget will be for the USACE Civil Works program as appropriated by Congress (U.S. 

General Accounting Office 2010; Eugene Pawllik (USACE Washington D.C. Public Affairs 

Specialist), pers. comm.). 

The USACE Civil Works program’s historic annual and supplemental appropriations, by 

fiscal year, are depicted in table 4.  Supplemental appropriations are designated for specific 

activities such as expenses related to hurricanes and floods.  In fiscal year 2009, supplemental 

appropriations included $4.6 billion received through the American Recovery and Reinvestment 

Act (U.S. General Accounting Office 2010; USACE 2011). 

Table 4. USACE Civil Works Program annual and supplemental appropriations (Data from U.S. 
General Accounting Office 2010; USACE 2011)  

Fiscal Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Annual ($billion) 4.6 4.6 4.7 5.3 5.6 5.6   5.4 5.4 5.1 

Supplemental ($billion) 0.1 - 0.8 6.6 3.4 3.4 11.2 - - 

 
The USACE Civil Works program’s appropriations are divided between several business 

programs: navigation (NAV), flood risk management (FRM), environment (ENV), hydropower 

(HYDRO), recreation (REC), water supply (WS), regulatory (REG), emergency management (EM), 

executive direction and management, and Army Secretariat oversight.  The environmental 
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business program is subcategorized for aquatic ecosystem restoration, environmental 

stewardship, and the Formerly Utilized Sites Remedial Action Program (FUSRAP).  The 

navigation, environmental, and recreation business programs are the programs most associated 

with lateral connectivity management.  According to USACE,  

The navigation program is responsible for providing safe, reliable, efficient and 
environmentally sustainable waterborne transportation systems for the movement of 
commercial goods and for national security need. The program seeks to meet this 
responsibility through a combination of capital improvements and the operation and 
maintenance of existing infrastructure projects (USACE 2010b). 
 

As noted above, the environmental program is subcategorized for aquatic ecosystem 

restoration, environmental stewardship, and FUSRAP.  The aquatic ecosystem restoration and 

environmental stewardship are the sub-programs most related to lateral connectivity. 

The aquatic ecosystem restoration sub-program helps  

…restore aquatic habitat to a more natural condition in ecosystem whose structures, 
functions and dynamic processes have become degraded.  The emphasis is on restoration of 
nationally- or regionally-significant habitat where the solution primarily involves modifying 
the hydrology and geomorphology (USACE 2010b). 
 

The environmental stewardship sub-program, which also falls under the environmental 

program, 

…focuses on the management, conservation and preservation of natural resources on 11.5 
million acres of land and water at 456 multipurpose USACE projects (USACE 2010b).  
 

The USACE’s recreation program recognizes the outdoor and recreation benefits provided by its 

flood risk management and navigation projects.   

USACE’ recreation program provides quality outdoor recreation experiences in accordance 
with it three-part mission: 1) serve the needs of present and future generations; 2) 
contribute to the quality of American life; and 3) manage and conserve natural resources 
consistent with ecosystem management principles (USACE 2010b).  
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Detailed and publicly available annual budgets (i.e., business program allocations) are provided 

by the Civil Works Assistant Secretary of the Army’s Office.  These business program allocations 

are projections, prior to Congressional budget approval, but provide a good indication of the 

expected funding levels of the various business programs.  Projected business program 

allocations for the 2011 budget are depicted in table 5 (USACE 2010b).   

Table 5. USACE Civil Works fiscal year 2011 budget (Data from USACE 2010b) 

 FRM HYDRO NAV ENV REG REC EM WS EX ASA(CW) 

$(Millions) 1,545 207 1,653 824 193 280 43 4 185 6 

% of Total       31    4      33   17    4     6   1 <1     4 6 

*EX equals expenses and ASA(CW) equals Assistant Secretary of the Army for Civil Works 
 
Each business programs’ 2011 percent of total allocation is representative of historic USACE 

Civil Works budgets.  Within the environmental business program, the aquatic restoration sub-

program is allocated $586 million or 12 percent of the total allocation and the environmental 

stewardship sub-program is allocated $108 million or 2 percent of the total allocation (USACE 

2010b). 

Permit requirements may also hinder lateral connectivity maintenance and associated 

dredging activities.  Section 401 of the Clean Water Act (CWA) requires the USACE to obtain 

state 401 water quality certification for any discharges of dredge or fill material into waters of 

the U.S.  An inland waterway’s long range maintenance dredging and disposal plan may include 

a list of lateral connections or small boat access channels to be dredged.  Every five years the 

state 401 water quality certification for potential dredging and disposal activities listed in long 

range plan requires recertification.  If a lateral connection or small boat access channel is not 

listed in the plan, then a new public notice and certification request must be submitted and 

obtained from the state (USACE Mobile District 1995).  Lateral connection/small boat access 
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channel dredging requests, in non-certified areas, are frequently received by the USACE 

(Demopolis Site Office staff including Larry Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon 

Smith, and Valencia Young, pers. comm.). 

 

Policy Development 

Developing management policy solutions to environmental problems requires an 

interdisciplinary approach which may incorporate the areas of biology, ecology, geology, 

geography, sociology, psychology, political science, and law (Caldwell 1985; Bryan 2008).  All 

environmental actions to some degree have social effects, and considering aspects beyond a 

system’s ecological integrity such as human attitudes and social institutions that incorporate 

the environmental system’s societal watershed is imperative to understanding the system’s 

health and developing effective management policies (Taylor, Bryan, Goodrich 2004; Meyer 

1997).  Identifying what society values in or from an environmental system and incorporating 

those values into a management policy is essential to improving ecosystem health.  An 

environmental system’s failure to meet society’s needs and expectations is a system that is not 

maintaining its ecosystem health.  A system’s intrinsic value (i.e., the inherent value of a system 

independent of its value to humans) may also need consideration during policy development 

(Meyer 1997). 

Cairns Jr. (1972) notes the need for a multiple use approach in river management.  This 

approach consists of multiple stakeholders using the river without infringing upon each other’s 

rights.  This utopian situation may not be completely achievable, but steps can be taken along 

all river systems to move closer to stakeholder equality (Cairns Jr. 1972).  An environmental 
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system’s stakeholders may have a range of demands since they are in competition for a static, if 

not declining, resource.  Overlooking stakeholder groups can have negative effects on 

ecosystem health.  Knowing a stakeholder’s preferences and behaviors allows policymakers to 

implement management schemes that cater to desired needs while minimizing stakeholder 

conflicts.  The diversity of stakeholders associated with environmental systems may make it 

challenging to accurately identify societal values, but accurate identification is essential since 

policy is a stakeholder’s vehicle to environmental resource management demands (Bryan 

2008).    

Young, Charles, and Hjort (2008) emphasize the importance of considering aspects 

beyond a system’s ecological integrity such as social and political factors when developing 

environmental management policy.  They maintain that the presence of social and political 

factors can create numerous management complexities such as multiple and conflicting 

objectives; multiple user groups and conflict among them; complex social structures, and socio-

cultural influences on the environmental system; institutional structures and interactions 

between users and regulators; and interaction with the socioeconomic environment and the 

larger economy (Young, Charles, and Hjort 2008).  Not addressing these factors and potentially 

associated complexities can lead to management failures thus reducing an environmental 

system’s social value (Young, Charles, and Hjort 2008).  Considering and integrating the human 

and ecological dimensions into natural resource management is a challenging process but 

important since mismanagement of one aspect may create unsustainable and deceasing 

benefits to humans (Dobson, Riley, and Gaden 2005; Nielsen 1999). 
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BLACK WARRIOR RIVER CASE STUDY 

 

Overview and Objectives 

Lateral connectivity and off-channel entrances, often called lateral connection or small 

boat access channels, are declining along the Black Warrior River, specifically between river 

miles 213 and 292.  This 80 mile stretch of the Black Warrior River encompasses portions of the 

Demopolis and Warrior lakes which are utilized by an array of stakeholders.  Maps of the Black 

Warrior River, Black Warrior-Tombigbee Waterway, Demopolis Lake, and Warrior Lake are 

provided in appendices A through E.  This case study is a policy analysis of lateral connectivity 

and its associated issues of ecosystem health and human impacts.  The case study details the 

historical change of lateral connectivity along the Black Warrior River, identifies the study area’s 

stakeholder groups, specifies how the various stakeholder groups are differentially impacted by 

the historical change of lateral connectivity, develops river management policy alternatives 

specifically related to lateral connectivity, and identifies the social effects/impacts of the policy 

alternatives.  The case study goes beyond previous research in its granular analysis of lateral 

connectivity, coupled with an integrated focus on the environmental and human dimensions of 

public policy. 
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Site Selection 

The Black Warrior River between river miles 213 and 292, which includes portions of the 

Demopolis and Warrior lakes, is selected for this case study.  Demopolis Lake was formed from 

the Demopolis Lock and Dam which was constructed in 1955, and Warrior Lake was formed 

from the construction of Armistead I. Selden or Warrior Lock and Dam in 1962 (USGS 2006).  

These locks and dams form a portion of the Black Warrior-Tombigbee Waterway.  The study 

area is highlighted in appendix C.  The site selection was based on three main factors.  First, the 

location of the Black Warrior River, which is west-central Alabama, is close to the researcher’s 

university, which makes it convenient for conducting field research and information collection.  

Additionally, the USACE’s Black Warrior-Tombigbee/Alabama-Coosa Project Management 

Office is located in Tuscaloosa, Alabama on the banks of the Black Warrior River.  The Project 

Management Office is responsible for all civil works activities along the Black Warrior-

Tombigbee and the Alabama-Coosa waterways.  Two of the four regional Site Offices are 

located in Tuscaloosa and Demopolis, which provide site specific administration to navigation 

and recreation management activities respectively.  The convenient placement of the Black 

Warrior River’s local and regional management authorities eases access problems to essential 

information sources.  Second, the Black Warrior River and selected study area contain 

numerous attributes that resemble other regulated river systems throughout the U.S.  Third, 

numerous stakeholders have made assertions regarding the Black Warrior River’s declining 

lateral connectivity, particularly on the Demopolis and Warrior lakes.  These three factors 

create an ideal study area for conducting a policy analysis of lateral connectivity on an aging 

and manipulated river system.    
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Historical Lateral Connectivity Management 

Various River and Harbor Acts from 1884 through 1960 authorized the development of 

the existing Black Warrior-Tombigbee Waterway by the USACE (USACE Mobile District 1987).  

The Black Warrior-Tombigbee Waterway project was initially authorized to “afford a water-way 

for transportation of coal in barges from the Warrior coal-fields by a slackwater system of locks 

and fixed dams” (USACE 1887).  The original 17 locks and dams were completed by 1915.  The 

1907 and 1909 River and Harbors Acts authorized the replacement of outdated locks and dams 

along the river system.  Coffeeville Lock and Dam replaced locks 1, 2, and 3; Demopolis Lock 

and Dam replaced locks 4, 5, 6, and 7; Armistead I. Selden Lock and Dam replaced locks 8 and 9; 

William Bacon Oliver Lock and Dam replaced locks 10, 11, and 12; Holt Lock and Dam replaced 

locks 13, 14, 15, and 16; and John Hollis Bankhead Lock and Dam replaced lock 17 (USACE 

Mobile District 1987).  These replacement structures were completed between 1939 and 1966.  

Between 1966 and 1980, spillway rehabilitation and lock replacement occurred at John Hollis 

Bankhead Lock and Dam, and in 1991 a new William Bacon Oliver Lock and Dam was 

completed.  The six locks and dams created a 255 feet lift over about 408 miles from 45 miles 

North of Mobile to the vicinity of Birmingham (USACE 2010c).  Appendix F shows the six locks 

and dams, and appendix C depicts the 255 feet lift created by the locks and dams.   

The construction of the replacement locks and dams created six main lentic 

environments upstream of the structures that resemble other U.S. inland waterway systems.  

The six lakes formed by federally owned locks and dams on the Black Warrior-Tombigbee 

Waterway, beginning with the most upstream lake, are the:  1) Bankhead Lake formed by the 

John Hollis Bankhead Lock and Dam and powerhouse which encompasses 9,245 surface acres; 



 

47 
 

2) Holt Lake formed by the Holt Lock and Dam and powerhouse which encompasses 3,300 

surface acres; 3) Oliver Lake from by the William Bacon Oliver replacement Lock and Dam which 

encompasses 790 surface acres; 4) Warrior Lake formed by Armistead I. Selden Lock and Dam 

which encompasses 7,800 surface acres, 5) Demopolis Lake formed by the Demopolis Lock and 

Dam which encompasses 10,000 surface acres, and 6) Coffeeville Lake formed by Coffeeville 

Lock and Dam which encompasses 8,500 surface acres (USGS 2006).  The surface areas 

provided for each lake are frequently cited and do not necessarily account for the loss of lateral 

connectivity since impoundment. 

The USACE Mobile District identifies the Black Warrior and Tombigbee rivers as a 

navigable water of the U.S., thus the USACE maintains jurisdiction over the Black Warrior and 

Tombigbee rivers (USACE Mobile District n.d.).  Past management of the Black Warrior-

Tombigbee Waterway and other inland waterway systems primarily focused on maintaining 

sufficient water depth and channel width for commercial navigation (Nielson, Sheehan, and 

Orth 1986; USACE Mobile District 1976).  The 1976 Final Environmental Impact Statement for 

the Black Warrior-Tombigbee Waterway identified the operation and maintenance of a shallow 

draft channel of 9 feet deep by 200 feet wide from the mouth of the Tombigbee River, 45 miles 

above Mobile, to the vicinity of Birmingham, Alabama at river mile 430.4 on the Sipsey Fork, 

mile 429.6 on the Mulberry Fork, and mile 407.8 on the Locust Fork for commercial and 

pleasure craft needs (USACE Mobile District 1976).  

The formation of lentic environments from the locks and dams creates unique 

management opportunities.  The USACE manages facilities on two main waterways in Alabama 

– the Alabama-Coosa Waterway and the Black Warrior-Tombigbee Waterway.  Within these 
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two waterways the USACE manages a total of 32,339 land acres; 75,465 water acres; and 2,829 

shoreline miles.  Specific to the Black Warrior-Tombigbee Waterway, the USACE manages 

19,551 land acres; 40,115 water acres; and 1,737 shoreline miles.  A range of facilities are 

present along the Alabama-Coosa Waterway and Black Warrior-Tombigbee Waterway.  Table 6 

depicts these various facilities (USACE 2006b). 

Table 6. Recreation facilities on Alabama’s USACE managed waterways (Data from USACE 
2006b) 

Facilities Alabama-Coosa Black Warrior-Tombigbee Total 

Recreation areas   66   60 126 

Picnic sites 314 312 626 

Camping sites 575 308 883 

Playgrounds   21   14   35 

Swimming areas    4     3    7 

Trail miles  20     8  28 

Fishing docks    2     2    4 

Boat ramps  32   35  67 

Marinas   1     1    2 

Marina slips   0   88   88 

 
A major activity related to the continued operation of the Black Warrior-Tombigbee 

Waterway is annual dredging operations.  Snagging operations occur in conjunction with 

dredging operations.  Collectively this operation assures the system maintains its authorized 

channelized waterway of 9 feet deep and 200 feet wide.  In addition to dredging and snagging 

operations on the primary river channel:  

Routine operation affecting the waterways include activities such as erosion repair, 
growth removal on embankments, aerial spraying of all reservoirs to combat and control 
mosquitoes, noxious aquatic plant control, maintenance of recreational areas consisting 
of road, parking areas, launching ramps, and camping and picnic facilities, forest 
management, compilation of hydrologic and water quality data, unwatering and repair 
and maintenance of the 6 locks and dams and related structures and facilities (USACE 
Mobile District 1976).  
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Table 7 shows the President’s historic budget from the Black Warrior-Tombigbee Waterway 

categorized by business program.  The table depicts the emphasis placed on the navigation 

business program compared to the environmental stewardship and recreation business 

program (USACE Mobile District 2011a).  

Table 7. Historic President’s budget for the Black Warrior-Tombigbee Waterway (Data from 
USACE Mobile District 2011a) 

Fiscal Year Environmental 
Stewardship ($) 

Navigation 
($) 

Recreation 
($) 

Total 
($) 

2012 362,000 17,750,000 3,317,000 21,429,000 

2011 450,000 16,690,000 3,611,000 20,751,000 

2010 539,000 19,915,000 3,726,000 24,180,000 

2009 426,000 17,880,000 3,885,000 22,191,000 

2008 331,000 16,419,000 4,198,000 20,948,000 

 
The importance of lateral connectivity and its contribution in the life-cycle of animals 

due to nutrient exchange is noted in the Black Warrior-Tombigbee Waterway’s 1976 Final 

Environmental Impact Statement (FEIS), but the impacts of sedimentation on lateral 

connectivity along the Black Warrior River were not foreseen in the initial management plans 

and environmental impact statements.  According to the 1976 FEIS:  

Operation and maintenance of the waterway has little effect upon the hydrologic 
elements of adjoining lands.  Present impoundments are generally beneficial to the 
groundwater resource by raising the level of the water table, thus increasing the storage 
capacity of aquifers and maintain base flows during periods of drought.  Siltation of the 
river proper is mitigated somewhat by the increased depth of water in tributary streams 
near their confluence with the river and the resulting decrease in tributary-stream 
velocity (USACE Mobile District 1976). 
 

Between the 1976 Black Warrior-Tombigbee Waterway’s FEIS and the 1987 Final Supplement to 

the FEIS (FSFEIS), sedimentation of creeks, sloughs, and public boat ramps and docking facilities 

was realized.  The need to maintain the areas for recreation was also emphasized.  The 1987 
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Black Warrior-Tombigbee Waterway’s FSFEIS notes the importance of lateral connectivity to the 

human dimension as follows:   

The BWT [Black Warrior-Tombigbee] provides an important recreation resource for the 
region.  Boating and fishing are important recreational pursuits along the rivers.  
Therefore, normal ongoing maintenance activities along the project include a program 
to perform dredging for access to creeks, sloughs, and public boat ramps and docking 
facilities (USACE Mobile District 1987). 
 

The approved 20 year maintenance plan within the 1987 FSFEIS established the need to 

increase the number of lateral connections or small boat access channels which could be 

maintained to include “any feasible, critical location along the BWT system” (USACE Mobile 

District 1987).  Between the 1976 FEIS and the 1987 FSFEIS, 94 small boat access dredging sites 

were identified although only 34 were dredged during the same timeframe.  The 1987 FSFEIS 

also notes that some sites require annual dredging.  When completed, the dredging work was 

usually done by a barge mounted dragline or by a small dredge to maintain a four-foot deep 

access channel at low water to the mouths of creeks and sloughs, boat ramps, and docks.  The 

benefits, as noted by the 1987 FSFEIS, of such work include: 

…access to boat ramps, docks, creeks and sloughs for recreational boating and fishing, 
as well as providing increased habitat for fish to spawn away from the main navigation 
channel (USACE Mobile District 1987).   
 

The 1987 FSFEIS expanded the listed small boat access dredging sites, but noted that a regularly 

scheduled small boat access maintenance dredging program was not “deemed feasible or 

necessary as manpower, equipment and funding limitation permits response to only the most 

critical needs as they arise” (USACE Mobile District 1987).  By 1995, the listed small boat access 

dredging sites on the Black Warrior-Tombigbee Waterway and the Tennessee-Tombigbee 

Waterway included approximately 370 sites.  Section 401 of the Clean Water Act (CWA) 
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requires the USACE to obtain state 401 water quality certification for discharges of dredge or fill 

material into U.S. waters.  Certification must be renewed every 5 years.  Of the roughly 370 

sites listed in 1995, 163 were located on the Black Warrior River and only 14 of the 163 did not 

have section 401 water quality certification from the Alabama Department of Environmental 

Management (ADEM) (USACE Mobile District 1995).  The number of Black Warrior River small 

boat access dredging sites with state 401 water quality certification increased to 202 in 2007.  

One hundred and seventeen (117) of these 202 sites are located in the study area (USACE 

Mobile District 2007).    

Historically, dating back to the early 1970s, a limited small boat access channel dredging 

program was administered on the Black Warrior-Tombigbee Waterway.  Small boat access 

channels are currently maintained based on available funding.  In a normal year, with limited 

funding, the USACE may be able to dredge about five small boat access channels using USACE 

owned (i.e., in-house) dredging and snagging equipment.  The use of USACE’s equipment is 

limited due to its authorized priority being main channel and lock and dam maintenance.  

Recently, 1994, 1998, and 2010 were exceptions to normal years due to additional funding and 

available equipment (USACE Mobile District 1995).  These exceptions may have resulted from 

oral and written testimony provided to the U.S. Congress House of Representatives’ 

Subcommittee on Energy and Water Development in 1993 (see appendix G)(Bryan, Harris, and 

Mills 1993).  Bryan, Harris, and Mills (1993) requested: 

…congressional recognition of sedimentation in public reservoirs and the resulting 
impacts and loss of water storage capability, water circulation, fisheries values and small 
boat access.  The testimony requests House of Appropriation budgetary emphasis and 
priority adjustment for appropriate U.S. Army Corps of Engineers response.  
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Shortly following the testimony, the 1994 Energy and Water Development Appropriations Bill 

addressed the concerns raised by the testimony (H.R. REP NO. 103-135, 51 (1993)).  A portion 

of the bill can be found in appendix H.  The 1994 Energy and Water Development 

Appropriations Bill stated: 

The Committee [Committee on Appropriations] is aware that sedimentation and 
siltation in the Nation’s waterways is an ever increasing problem.  The resulting loss of 
river circulation and access between backwater areas and the main river channels has a 
number of negative fishery and water quality implications.  Therefore, the Committee 
expects the Corps of Engineers to work with local interests to develop a program to 
improve access to backwater areas on the Black Warrior and Tombigbee Rivers and 
Tennessee-Tombigbee Waterway projects in Alabama, where sedimentation has been 
particularly severe (H.R. REP NO. 103-135, 51 (1993)).  
 
In 1994, with the assistance of dredging equipment from the USACE’s Vicksburg District, 

45 small boat access channels were dredged on the Black Warrior-Tombigbee Waterway and 

the Tennessee-Tombigbee Waterway at a cost of about $240,000 (USACE Mobile District 1995).  

In 1998, an additional $350,000 allowed for 89 small boat access channels to be dredged on the 

Black Warrior-Tombigbee Waterway, and recently, in 2010, an additional $500,000, allocated 

from the American Recovery and Reinvestment Act of 2009, allowed for 49 small boat access 

channels to be opened.  The 1998 and 2010 dredging activities were completed by external 

contractors.  Currently, it is normal procedure for the USACE to contract out small boat access 

channel dredging (Demopolis Site Office staff including Larry Dixon, Harvey Hawkins, Benjamin 

Sherrod, Brandon Smith, and Valencia Young, pers. comm.).  

 The USACE Tuscaloosa Site Office oversees the Black Warrior-Tombigbee Waterway and 

has only one internally owned floating plant, which completes dredging and maintenance needs 

along the waterway, assigned to its region.  The Motor Vessel (M/V) Lawson and its associated 

floating crane, the Choctawhatchee, are currently assigned to the Black Warrior-Tombigbee 
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Waterway.  Appendix I shows an example of a motor vessel and the Choctawhatchee 

respectively.  Prior to the M/V Lawson’s deployment on the Black Warrior-Tombigbee 

Waterway, the M/V Ross once assisted the area’s dredging and maintenance needs.  The 

primary purpose of floating plants is to assist in maintaining main channel depths for 

commercial navigation and assisting in maintenance operations (e.g., lock maintenance).  To 

utilize a floating plant for small boat access channel dredging, the plant must be in the 

geographic area of the small boat channels and must not be in use for main channel dredging 

and/or maintenance operation (USACE Mobile District 1995).  Further hindering the potential to 

utilize floating plants for small boat access channel dredging is that these plants, such as the 

M/V Lawson and Choctawhatchee and previously the M/V Ross, were not necessarily designed 

to dredge small boat access channels.  Due to the limitations regarding the number of available 

floating plants and their associated workload, the USACE typically contracts out small boat 

access channel dredging.  This may also prove problematic, because it is expensive to mobilize a 

dredge contractor if located outside the project area (Demopolis Site Office staff including Larry 

Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon Smith, and Valencia Young, pers. comm.).       

The USACE’s Demopolis Site Office, which oversees the Black Warrior-Tombigbee 

Waterway’s lakes, once maintained a barge mounted crane and a small push boat, the Eutaw.  

These resources were used to maintain small boat access channels (USACE Mobile District 

1995).  The Eutaw is no longer available to the Black Warrior-Tombigbee Waterway, but when 

present, it provided a beneficial tool to maintaining small boat access channels on a more 

regular basis (Demopolis Site Office staff including Larry Dixon, Harvey Hawkins, Benjamin 

Sherrod, Brandon Smith, and Valencia Young, pers. comm.). 
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A marsh buggy was used in 2010 for the most recent small boat access channel dredging 

activities.  Appendix J shows a marsh buggy dredging small boat access channels in 2010.  Its 

utilization proved to be highly effective, but these resources are generally located outside the 

project area and may require substantial mobilization costs.  The USACE Demopolis Site Office 

noted that over the last decade, dredging costs have skyrocketed, and it might be cost-effective 

to revisit in-house dredging (Larry Dixon, Harvey Hawkins, Benjamin Sherrod, Brandon Smith, 

and Valencia Young, pers. comm.). 

 

Lateral Connectivity Analysis 

Methods 

Identifying the study area’s historic lateral connectivity is completed by analyzing and 

comparing United States Department of Agriculture (USDA) aerial photos from 1965 and 2006.  

The 1965 photos are from the USDA’s Farm Service Agency (FSA) and were obtained digitally 

from the University of Alabama Map Library.  The 2006 photos are from the USDA’s National 

Agriculture Imagery Program (NAIP) and were obtained digitally from the Alabama Cooperative 

Extension System’s State Water Program. 

These sets of photos were chosen due to several factors including availability, date 

produced as it relates to river conditions (e.g., dam construction and water flows), and spatial 

resolution/scale.  It is important to capture the study area’s initial state as immediately 

following river regulation (i.e., dam construction) as possible while maintaining the highest 

spatial resolution available.  The 1965 photos accomplish this objective.  The 1965 photos were 

taken on October 17th and 23rd.  This represents the first set of photos taken after the 
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completion of the Demopolis Lock and Dam (1955) and the Warrior Lock and Dam (1962).  The 

representative film scale of the photos is 1:20,000.  This is the best film scale available until 

1992.     

The 2006 photos capture the study area’s most recent state while reflecting similar river 

conditions (e.g., water flows) as those depicted in the 1965 photos and maintaining high spatial 

resolution.  The 2006 photos were taken between June 20, 2006 and January 19, 2007.  The 

spatial resolution of the 2006 photos is 1:1 meter resolution.  A comparison of the water 

discharge at Demopolis Lock and Dam during the timeframe when the 1965 and 2006 photos 

were taken is provided in table 8.  

Table 8. Demopolis lock and dam water data for the 1965 and 2006 aerial photos (Data from 
the USGS National Water Information System: Web Interface) 

 Average Daily Discharge 
(ft3 per second) 

Median Daily Discharge 
(ft3 per second) 

1965 Water Data   

10-17-1965  2,980  

10-23-1965  3,200  

30 days prior to 10-17-1965  4,530 4,655 

2006 Water Data   

6-20-2006 to 1-19-2007 12,180 4,055 

6-20-2006 to 10-16-2007  2,777 2,550 

30 days prior to 6-20-2006  4,669 4,510 

 
The average discharge is considerably higher during the 2006 timeframe due to the timeframe 

encompassing October 17, 2006 to January 19, 2007 which was a high discharge period.  Upon 

reviewing the 2006 photos individually, it does not appear that high discharge events were 

captured within the study area’s footprint.  Eliminating this high discharge period from the 

comparison shows similar river conditions being depicted in the 1965 and 2006 photos.  River 

conditions were also similar during the 30 days prior to each set of photos.  
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The geospatial mapping and analysis of the study area is completed by using ERDAS 

IMAGINE and ArcMap, two types of geospatial mapping and analysis software.  ERDAS IMAGINE 

is used to georeference the photos to similar geographic coordinate systems (i.e., 

NAD_1983_UTM Zone 16N) and mosaic each set of photos.  These actions provide ArcMap the 

outputs needed to complete the geospatial analysis of the study area’s historic lateral 

connectivity.  Appendices K and L depict the georeferenced and mosaiced photos from 1965 

and 2006 respectively. 

Two aspects of lateral connectivity are analyzed: 1) the status of entrances to off-

channel areas and 2) the status and size of each entrance’s associated off-channel area.  

Multiple entrances may be associated with a single off-channel area.  The status of the 

entrances and off-channel areas is a measure of human accessibility (i.e., does the entrance and 

off-channel area provide small boat access).  The status levels include: open, marginally open, 

and closed.  Open refers to entrances and off-channel areas that are clearly accessibly with a 

small boat.  When an entrance or off-channel area cannot be definitively labeled as open due to 

overhanging trees it is considered marginally open.  Marginally open also refers to entrances 

and off-channel areas potentially accessible when the river’s water level is up 1 to 2 feet from 

its normal level.  Closed status represents areas that are not accessible during normal river 

conditions or when the river’s water level is up 1 to 2 feet.  Figures 8, 9 and 10 show pictures 

from the study area of open, marginally open, and closed entrances respectively. 
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Figure 8. An open off-channel entrance (Photo courtesy of the Black Warrior Riverkeeper) 

 
 
Figure 9. A marginally open off-channel entrance (Photo by author) 
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Figure 10. A closed off-channel entrance (Photo by author) 

 
 

Entrances and off-channel areas are digitized by hand for accuracy.  The baseline of 

entrances and off-channel areas is created from the 1965 photos.  It is based on entrances and 

associated off-channel areas that currently maintain state 401 water quality certification for 

discharges of dredge or fill material into U.S. waters, were previously dredged based on public 

records, or were visually identifiable in ArcMap using the aerial photos.  Input from river 

experts and field observations were used to complement the analysis and aid in determining 

the status of an entrance or off-channel area.  However, the state 401 water quality 

certification, dredge records, and visual inspection using ArcMap carry greater weight than the 

input from river experts.  For example, if an entrance is visually closed, a river expert’s belief 

that the entrance was open in 1965 does not override the visual analysis. 

The lateral connectivity analysis is completed by analyzing the 1965 and 2006 entrances 

and off-channel areas.  Comparing the change between 1965 and 2006 regarding the number of 
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entrances present, entrances’ status, the number of off-channel areas present, off-channel 

areas’ status, and off-channel acreage reveals the effect of the study area’s historic lateral 

connectivity management. 

    

Results 

1965 Entrances.  In 1965, 254 entrances to off-channel areas were located within the 

study area.  Appendix M provides aerial photos of the 1965 entrances.  Table 9 depicts the 1965 

entrances and their status. 

Table 9. Status of entrances to off-channel areas in 1965 

Entrance Status Number Percentage (%) 

Open 205  81 

Marginally Open  46  18 

Closed    3    1 

Total 254 100 

 

2006 Entrances.  The 254 entrances identified in 1965 were re-analyzed in 2006 and 

their status was updated.  Appendix N provides aerial photos of the 2006 entrances.  Table 10 

shows the status of the entrances in 2006.   

Table 10. Status of entrances to off-channel areas in 2006 

Entrance Status Number Percentage (%) 

Open 103   41 

Marginally Open   16    6 

Closed 135   53 

Total 254 100 

 
The 1965 and 2006 entrances and associated status are depicted in figures 11 through 28.  The 

entire study area is shown in figure 11.  Figures 12 through 28 depict the study area in more 

detail.  Figure 12 begins at the most downstream point of the study area, the Demopolis Lock 
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and Dam at river mile 213.  Figures 13 through 28 gradually move upstream through the study 

area until river mile 292 is reached. 
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Figure 11. Status of entrances in 1965 and 2006 from river mile 213 to 292 
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Figure 12. Status of entrances in 1965 and 2006 from river mile 213 to 219 
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Figure 13. Status of entrances in 1965 and 2006 from river mile 216 to 222 
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Figure 14. Status of entrances in 1965 and 2006 from river mile 219 to 226 
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Figure 15. Status of entrances in 1965 and 2006 from river mile 226 to 232 
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Figure 16. Status of entrances in 1965 and 2006 from river mile 229 to 236 
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Figure 17. Status of entrances in 1965 and 2006 from river mile 236 to 242 
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Figure 18. Status of entrances in 1965 and 2006 from river mile 242 to 247 
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Figure 19. Status of entrances in 1965 and 2006 from river mile 247 to 251 
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Figure 20. Status of entrances in 1965 and 2006 from river mile 251 to 258 
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Figure 21. Status of entrances in 1965 and 2006 from river mile 256 to 261 
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Figure 22. Status of entrances in 1965 and 2006 from river mile 261 to 263 
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Figure 23. Status of entrances in 1965 and 2006 from river mile 263 to 267 
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Figure 24. Status of entrances in 1965 and 2006 from river mile 267 to 273 
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Figure 25. Status of entrances in 1965 and 2006 from river mile 272 to 277 
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Figure 26. Status of entrances in 1965 and 2006 from river mile 277 to 284 
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Figure 27. Status of entrances in 1965 and 2006 from river mile 284 to 289 
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Figure 28. Status of entrances in 1965 and 2006 from river mile 286 to 292 
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1965 Areas.  The off-channel areas associated with the 1965 entrances are analyzed, 

and the status and acreage of each off-channel area are evaluated.  The 254 entrances to off-

channel areas indentified in 1965 in the previous analysis represent 220 off-channel areas in 

1965.  This creates the baseline for the area analysis.  The lower number of off-channel areas 

compared to entrances is due to some off-channel areas having multiple entrances.  Similar to 

the entrance analysis, the off-channel areas’ status refers to its human accessibility and is 

labeled either open, marginally open, or closed.  

 In 1965 the 220 off-channel areas totaled 4,283 acres.  Of the 220 off-channel areas, 

175 (i.e., 80%) were open, representing 94% of the total off-channel acreage, and there were 

43 marginally open off-channel areas, representing about six percent of the total off-channel 

acreage.  Only three off-channel areas consisting of 20 acres were categorized as closed.  A 

detailed breakdown of the 1965 off-channel areas and their characteristics are provided in 

table 11.  Appendix O provides aerial photos of the off-channel areas in 1965.   

Table 11. Off-channel areas and their characteristics in 1965  

Off-Channel 
Areas’ Status 

Off-Channel 
Areas (#) 

% of Total 
Areas 

Total 
Acreage 

% of Total 
Acreage 

Average 
Acreage 

Median 
Acreage 

Open 175 80 4,010 94 23 6 

Marginally Open   43 19    253   6  6 1 

Closed    3   1      20 <1   7 4 

Total 220  4,283  19 4 

 
 

2006 Areas.  The 220 off-channel areas identified and analyzed in 1965 were re-analyzed 

in 2006.  The status and acreage of each off-channel area was determined.  Only 189 of the 220 

off-channel areas were present in 2006.  Between 1965 and 2006, 31 off-channel areas were 

completely eliminated (e.g., converted from backwater to dry land).  In 1965 the 31 eliminated 
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areas consisted of 26 acres.  Similar to the entrance analysis, the off-channel areas’ status 

refers to its human accessibility and is labeled either open, marginally open, or closed.  

 In 2006 the 189 off-channel areas totaled 3,009 acres.  The off-channel areas consisted 

of 92 open areas, 15 marginally open areas, and 82 closed areas representing 83 percent, 4 

percent, and 14 percent of the total 2006 acreage respectively.  A detailed breakdown of the 

2006 off-channel areas and their characteristics is provided in table 12.  Appendix P provides 

aerial photos of the off-channel areas in 2006. 

Table 12. Off-channel areas and their characteristics in 2006 

Off-Channel 
Areas’ Status  

Off-Channel 
Areas (#) 

% of Total 
Areas 

Total 
Acreage 

% of Total 
Acreage 

Average 
Acreage 

Median 
Acreage 

Open   92 49 3,009 83 31 10 

Marginally Open   15   8    128   4   8  4 

Closed   82 43     502 14   4  1 

Total 189  3,639  14  2 

 
The entire study area during 1965 and 2006 is shown in Figure 29 with each off-channel 

area identified and labeled based on its status.  Figures 30 through 57 depict the study area in 

more detail while comparing 1965 and 2006 off-channel areas and associated status.  Figure 30 

begins at the most downstream point of the study area, the Demopolis Lock and Dam at river 

mile 213.  Figures 31 through 57 gradually move upstream through the study area until river 

mile 292 is reached. 
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Figure 29. Status of off-channel areas in 1965 and 2006 from river mile 213 to 292 

 



 

82 
 

Figure 30. Status of off-channel areas in 1965 and 2006 from river mile 213 to 217 
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Figure 31. Status of off-channel areas in 1965 and 2006 from river mile 214 to 220 
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Figure 32. Status of off-channel areas in 1965 and 2006 from river mile 219 to 224 
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Figure 33. Status of off-channel areas in 1965 and 2006 from river mile 223 to 224 
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Figure 34. Status of off-channel areas in 1965 and 2006 from river mile 224 to 229 
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Figure 35. Status of off-channel areas in 1965 and 2006 from river mile 228 to 232 
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Figure 36. Status of off-channel areas in 1965 and 2006 from river mile 231 to 233 
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Figure 37. Status of off-channel areas in 1965 and 2006 from river mile 231 to 231 
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Figure 38. Status of off-channel areas in 1965 and 2006 from river mile 230 to 236 
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Figure 39. Status of off-channel areas in 1965 and 2006 from river mile 235 to 238 
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Figure 40. Status of off-channel areas in 1965 and 2006 from river mile 236 to 242 
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Figure 41. Status of off-channel areas in 1965 and 2006 from river mile 241 to 243 
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Figure 42. Status of off-channel areas in 1965 and 2006 from river mile 243 to 246 
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Figure 43. Status of off-channel areas in 1965 and 2006 from river mile 246 to 251 
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Figure 44. Status of off-channel areas in 1965 and 2006 from river mile 251 to 258 
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Figure 45. Status of off-channel areas in 1965 and 2006 from river mile 254 to 258 
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Figure 46. Status of off-channel areas in 1965 and 2006 from river mile 256 to 261 
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Figure 47. Status of off-channel areas in 1965 and 2006 from river mile 261 to 263 
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Figure 48. Status of off-channel areas in 1965 and 2006 from river mile 261 to 262 
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Figure 49. Status of off-channel areas in 1965 and 2006 from river mile 262 to 265 
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Figure 50. Status of off-channel areas in 1965 and 2006 from river mile 265 to 270 
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Figure 51. Status of off-channel areas in 1965 and 2006 from river mile 266 to 266 
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Figure 52. Status of off-channel areas in 1965 and 2006 from river mile 267 to 273 
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Figure 53. Status of off-channel areas in 1965 and 2006 from river mile 273 to 278 
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Figure 54. Status of off-channel areas in 1965 and 2006 from river mile 277 to 283 
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Figure 55. Status of off-channel areas in 1965 and 2006 from river mile 278 to 284 
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Figure 56. Status of off-channel areas in 1965 and 2006 from river mile 284 to 289 
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Figure 57. Status of off-channel areas in 1965 and 2006 from river mile 286 to 292 
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Comparison.  A major change between 1965 and 2006 was seen for each variable 

analyzed.  Between 1965 and 2006, a shift from open and marginally open entrances to closed 

entrances occurred.  The number of open entrances to off-channel areas declined from 205 to 

103, a reduction of almost 50 percent, and marginally open entrances declined from 46 to 16, a 

65 percent reduction.  A large increase in closed entrances to off-channel areas resulted from 

the reduction in open and marginally open entrances.  Closed entrances increased from 3 to 

135, an increase of 4,400 percent.  Table 13 depicts the shift in the status of entrances between 

1965 and 2006.    

Table 13. Comparison of entrances’ status between 1965 and 2006 

 1965 2006 

Entrance Status Number Percentage (%) Number Percentage (%) 

Open 205  81 103 41 

Marginally Open  46  18  16   6 

Closed    3    1 135  53 

Total 254 100 254 100 

 
A more detailed comparison of the entrances between 1965 and 2006 reveals the exact 

directional status change of each entrance.  Table 14 depicts the directional status change of 

entrances.  Fifty-six percent or 143 entrances declined in status between 1965 and 2006 with 

the largest decline occurring in the open-to-closed scenario.  Figure 58 and figure 59 depict an 

example of the open-to-closed scenario.  Figures 60 and 61 are 2008 pictures of the entrance 

shown in figures 58 and 59.  Appendices Q though U provide more examples and pictures of 

various scenarios.  Additionally, 43 percent or 108 entrances remained the same while only 

three entrances’ status improved.   
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Table 14. Directional change of the entrances’ status between 1965 and 2006 

 Scenario   

Category 1965 Status 2006 Status Number Percentage of Category (%) 

 
Status 
Declined 

Open Marginally Open   11    8 

Open Closed   94  66 

Marginally Open Closed   38  27 

Total 143 56 (of total) 

 
Status 
Improved 

Marginally Open Open     3 100 

Closed Open     0     0 

Closed Marginally Open     0     0 

Total     3 1 (of total) 

 
No Change 

Open Open 100   93 

Marginally Open Marginally Open     5     5 

Closed Closed     3     3 

Total 108 43 (of total) 

 
Figure 58. An open entrance in 1965 

 
 
Figure 59. A closed entrance in 2006 (same entrance shown in figure 58) 
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Figure 60. A 2008 picture of the entrance shown in figures 58 and 59 (Photo by author) 

 
 
Figure 61. A 2008 picture of the entrance shown in figures 58 and 59 (Photo by author) 

 
 

The number, status and acreage of off-channel areas also changed between 1965 and 

2006.  The 220 off-channel areas identified in 1965 were reduced to 189 in 2006.  Thirty-one 
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off-channel areas were completely eliminated (e.g., converted from backwater to dry land).  In 

1965 these 31 eliminated areas consisted of 26 acres.  Additionally, between 1965 and 2006 

numerous off-channel areas became fragmented (i.e., changed from one completely connected 

off-channel area to multiple unconnected off-channel areas).  Between 1965 and 2006, 30 off-

channel areas became fragmented.  The fragmentation created an additional 49 off-channel 

areas.  The status of theses fragmented areas was: four open, one marginally open, and 44 

closed.  These areas represent three, six, and 78 acres respectively.  Since these fragmented off-

channel areas generally remained in the initial footprint of the 1965 off-channel areas, they are 

not added to the number of off-channel areas.  However, their acreage is accounted for in its 

appropriate status category. 

In 1965, the 220 off-channel areas totaled 4,283 acres, regardless of status.  This total 

was reduced to 3,639 acres in 2006, a reduction of 643 acres.  Table 15 depicts this change in 

addition to the change in the average and median size of off-channel areas. 

Table 15. Change in the off-channel areas’ total, average, and median size between 1965 and 
2006 

 Change (acres) % Change 

Total (643) (15) 

Average     (6) (30) 

Median     (2) (53) 

 
A major change also occurred in the status of off-channel areas and their associated acreage.  

Each off-channel area is categorized by status in table 16 for 1965 and 2006, and the change 

between 1965 and 2006 is depicted.    
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Table 16. Number, status and change of off-channel areas between 1965 and 2006 

Off-Channel 
Areas’ Status 

1965 Off-Channel 
Areas (#) 

2006 Off-Channel 
Areas (#) 

Change 
(#) 

Open 175   92 (83) 

Marginally Open   43   15 (28) 

Closed    3   82 79 

Total 220 189 (31) 

 
Table 17 depicts the change in total acreage for each status category.  The change in the 

average and median size of off-channel areas is also shown.  Between 1965 and 2006, open off-

channel acreage declined 25 percent, and marginally open acreage declined 49 percent.  Closed 

acreage, due to the decline in the open and marginally open categories, increased 2,395 

percent.  Overall, 1,125 aquatic acres that were open or marginally open in 1965 were no 

longer open or marginally open in 2006.  Combined, this represents a 26 percent reduction in 

the accessible and marginally accessible acres from 1965.  It appears that the decline in open 

and marginally open areas is mostly attributed to smaller off-channel areas, since the average 

and median size of off-channel areas in these categories increased between 1965 and 2006.  

Table 17. Status comparison of off-channel areas between 1965 and 2006 

Off-Channel 
Areas’ Status 

Change in Total Area Change in Average Area Change in Median Area  

 Acres % acres % acres % 

Open (1,000)       (25) 8 37 5   88 

Marginally Open    (125)      (49) 2 33 3 190 

Closed    482 2,395 (3) (44) (3)   (76) 

 
A more detailed comparison of the off-channel areas in 1996 and 2006 shows the 

direction status change and associated acreage of each off-channel area.  Table 18 contains the 

results from this comparison.  Each possible off-channel status change (i.e., scenario) is listed.  

The majority of off-channel areas declined in status (122 out of 220).  Of the off-channel areas 

that declined in status, the open-to-closed scenario was the most prevalent, occurring 52 times 
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out of 122 occurrences.  However, this scenario didn’t represent the greatest decline in off-

channel acreage.  Overall, 88 off-channel areas remained open between 1965 and 2006.  This 

scenario occurred the most coupled with the greatest decline in off-channel acres.  Even though 

a large number of off-channel areas remained open, their acreage declined—revealing that all 

areas, regardless of status, are subject to deterioration. 

Table 18. Directional change of the off-channel areas’ status and associated acreage between 
1965 and 2006 

 Scenario Off-Channel 
Areas 

Off-Channel Acreage 

Category 1965 Status 2006 Status Count (#) 1965 2006 Change 

 
 
Status 
Declined 

Open Marginally Open   11  188    116     (72) 

Open Closed   52  326    292     (34) 

Open Eliminated   24    22       0     (22) 

Marginally Open Closed   28  183   160     (23) 

Marginally Open Eliminated     7     4       0      (4) 

Closed Eliminated     0      0       0       0 

Total 122   723   568  (155) 

 
Status 
Improved 

Marginally Open Open     2     53     39   (14) 

Closed Marginally Open     0      0       0    0 

Closed Open     0      0       0    0 

Total     2     53     39   (14) 

 
No Change 
in Status 

Open Open   88  3473 2987 (486) 

Marginally Open Marginally Open     5     13     19     6 

Closed Closed     3     20     28     8 

Total   96 3506 3034 (472) 

Total  220 4282 3641 (641) 

*Fragmented acres are grouped with the off-channel area that it used to be attached to 
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Stakeholder Groups 

Methods 

The study area’s stakeholder groups involved in the lateral connectivity policy debate 

were determined by using a variety of information sources and methods.  Stakeholder groups 

were initially identified by using secondary data, including USACE inland waterway user data, 

newspaper articles (e.g., opinion editorials), magazine articles (e.g., Business Alabama and 

Alabama Outdoors), stakeholder analyses from similar systems (e.g., Apalachicola-

Chattahoochee-Flint Stakeholders organization), public letters, and public comments to USACE 

activities such as permit applications.  Field observations and informal interviews supplemented 

the secondary data, identified additional stakeholders and allowed for the development of 

stakeholder profiles specifically focused on their association with the study area and lateral 

connectivity. 

Field observations took place over numerous trips to the study area and included 

multiple study area boating trips with river experts and others.  River experts included locals, 

study area fishing enthusiasts, and USACE personnel.  Appendix V depicts the USACE boat used 

in some trips.  Field observations also included monitoring river activity and stakeholder 

behavior at various locations, such as boat ramps, recreational facilities, and marinas.  

Locations included Foscue Creek Park, Demopolis City Landing, Runaway Branch II Park, 

Backbone Creek boat ramp, Old Lock 8 Park, and the Demopolis Yacht Basin.  Field observations 

also took place near dwellings and residential areas adjacent to the study area.  Informal 

stakeholder interviews were conducted at boat ramps, recreational facilities, river dwellings, 

the Demopolis Yacht Basin, the USACE’s Demopolis Site Office, and during river trips with river 
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experts.  Field observations, stakeholders, and interview locations were documented with 

photos.  Appendix W visually documents field observations, stakeholders, and interview 

locations. 

The University of Alabama Institutional Review Board granted exempt approval 

according to 45 CFR part 46.101(b)(2) to conduct public behavior field observations and 

informal interviews with human subjects. 

 

Secondary Data Examples 

USACE Inland Waterway User Data.  Inland waterway user data from the USACE 

provided a baseline of stakeholders, which assisted in developing stakeholder groups for the 

study area.  In 2006, visitors to USACE managed areas in the state of Alabama, specifically the 

Black Warrior-Tombigbee Waterway, visited for a range of recreational opportunities.  Figure 

62 depicts the annual visits (total and categorized by recreational activity) to the USACE’s 

managed areas in the State of Alabama and specifically to the Black Warrior-Tombigbee 

Waterway (USACE 2006b).   
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Figure 62. 2006 annual visits (person-trips) to USACE natural and recreational resources (Data 
from USACE 2006b) 

 
 

Tournament fishermen were specifically identified as frequent study area users through 

USACE data.  Figure 63 depicts the fishing tournaments registered at USACE facilities annually 

on Demopolis Lake and Warrior Lake (USACE Demopolis Site Office 2011).  

Figure 63. Registered fishing tournaments at USACE facilities on Demopolis and Warrior lakes 
(Data from USACE Demopolis Site Office 2011) 
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Figure 64 depicts the estimated total number of boats participating in the fishing tournaments 

shown in figure 63 (USACE Demopolis Site Office 2011).  

Figure 64. Estimated number of boats participating in registered fishing tournaments at 
Demopolis and Warrior lakes (Data from USACE Demopolis Site Office 2011) 

 
 
Tournament fishing data on Demopolis and Warrior lakes is further analyzed in figure 65 which 

depicts the estimated average size of registered fishing tournaments at USACE facilities (USACE 

Demopolis Site Office 2011). 

Figure 65. Estimated average size of registered fishing tournaments at USACE facilities on 
Demopolis and Warrior lakes (Data from USACE Demopolis Site Office 2011) 

 
 

The economic impact of the visits (i.e., person-trips) detailed in figure 62 are shown in 

figure 66, revealing the importance of these natural and recreational resources on local 
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economies.  Additionally, economic impacts from the USACE’s natural and recreational 

resources in the state of Alabama supported almost 2,000 jobs statewide in communities near 

USACE lakes.  Over 1,000 of these jobs are attributed to the Black Warrior-Tombigbee 

Waterway (USACE 2006b).  

Figure 66. 2006 economic benefits of the USACE’s natural and recreational resources (Data 
from USACE 2006b) 

 

Table 19 shows the total spending associated with USACE’s natural and recreational resources 

by user segment for the state of Alabama.  Across all user segments, boaters represent only 

37.3 percent of the total visits, but the boater segment maintains 49 percent of the total 

spending from these visits (USACE 2006b).  This statistic reveals the economic importance of 

the boater segment and their willingness to pay to use these resources.  
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Table 19. Economic impacts of total trip spending, within and outside the 30-mile radius of a 
USACE lake, for the state of Alabama at USACE’s natural and recreational resources (Data from 
USACE 2006b) 

 Visitation Total Spending 

Segment (000’s) Percent ($000’s) Percent 

Day User     

Boater 2,801   36.0%   86,735   43% 

Non-Boater 4,720   60.7%   87,881   43% 

Camper     

Boater      13     0.2%    1,400     1% 

Non-Boater      19     0.2%    2,044     1% 

Other Overnight     

Boater      84     1.1%   11,139     5% 

Non-Boater    142     1.8%   14,361     7% 

Total 7,780 100.0% 203,558 100% 

 
 

Alabama Department of Conservation and Natural Resources.  Along the Demopolis and 

Warrior lakes of the Black Warrior-Tombigbee Waterway, the USACE provides public access for 

hunting on small tracts of USACE-owned land adjacent to the Black Warrior River (USACE 

Mobile District 2011b).  The David K. Nelson (Demopolis) Wildlife Management Area (WMA) is 

also adjacent to Demopolis Lake and is managed by the Alabama Department of Conservation 

and Natural Resources Division of Wildlife and Freshwater Fisheries in cooperation with the 

USACE and provides 8,308 publicly accessible acres.  The David K. Nelson WMA allows hunting 

for big game (i.e., deer and turkey), small game (i.e., squirrel, rabbit, quail, dove, etc…), and 

waterfowl (Alabama Department of Conservation and Natural Resources Division of Wildlife 

and Freshwater Fisheries 2010).   During the 2009-2010 spring turkey season 375 man-days 

hunted were recorded. The David K. Nelson WMA also recorded 550 man-days hunted during 

the 2009-2010 archery deer season and 816 man-days hunted during the 2009-2010 firearm 
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deer season (Alabama Department of Conservation and Natural Resources Division of Wildlife 

and Freshwater Fisheries 2010). 

 

Additional Secondary Data.  State-level information, which includes data beyond USACE 

managed areas, is used to identify additional stakeholders and additional economic impacts of 

natural and recreational resources similar to those provided by the USACE within the study 

area.  The U.S. Fish and Wildlife Service’s 2006 National Survey of Fishing, Hunting, and Wildlife-

Associated Recreation found that 1.7 million of Alabama’s residents and nonresidents 16 years 

old and older participated in wildlife-associated recreation (e.g., fishing, hunting, and wildlife 

watching) in Alabama.  Of the 1.7 million participants, 806 thousand fished, 391 thousand 

hunted, and 1.2 million participated in wildlife-watching activities.  Additionally, of the total 

number of hunting participants in the state of Alabama, 24 percent or 95,000 individuals 

utilized public lands for hunting.  Overall, the 1.7 million participants, in 2006, spent $2.2 billion 

on wildlife-associated recreation.  Of that total, trip-related expenditures were $808 million, 

equipment purchases were $1.1 billion, and $231 million was for licenses, contributions, land 

ownership and leasing, and other items.  Table 20 depicts results from the U.S. Fish and Wildlife 

Service’s 2006 National Survey for Alabama.   
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Table 20. U.S. Fish and Wildlife Service’s 2006 National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation (Data from U.S. Department of the Interior et al. 2007) 

 Anglers Hunters Wildlife Watchers 

 Alabama 
Resident 

Alabama 
Nonresident 

Alabama 
Resident 

Alabama 
Nonresident 

Alabama 
Resident 

Alabama 
Non-

resident 

Participants (#) 600,000 206,000 310,000   81,000 1,005,000 156,000 

Expenditures 
($1,000) 

569,992 129,540 514,386 163,638    385,096   64,908 

Average 
expenditure per 
participant ($) 

       950        628     1,660     2,019           383       374 

Average trip 
expenditure per 
day ($) 

        23        121         20          85             28         88 

 

The listed participants (i.e., anglers, hunters, and wildlife watchers) are analyzed further within 

their appropriate category.  Of the total 806,000 angling participants in the state of Alabama, 

89 percent fished in freshwater, and 19 percent fished in saltwater.  Freshwater anglers fished 

for a variety of species, and table 21 depicts this breakdown by species (U.S. Department of the 

Interior et al. 2007). 

Table 21. Targeted freshwater species by Alabama anglers (Data from U.S. Department of the 
Interior et al. 2007)  

 Fish type Number of anglers 
(1,000) 

Percentage 

Crappie 295 41 

Panfish 150 21 

White bass, striped bass, striped bass hybrids 191 27 

Black bass 399 56 

Catfish, bullheads 245 34 

Anything 115 16 

   

Total*  714* 100* 

*Categories do not add to total because of multiple responses 
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Stakeholder Group Results 

 Table 22 shows the study area’s stakeholder group results from analyzing secondary 

data and completing field observations and informal stakeholder interviews.  Profiles are given 

for each stakeholder group or sub-group.  Table 23 identifies each stakeholder group's social 

connection to lateral connectivity (i.e., entrances to off-channel areas and their associated 

aquatic acreage).  
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Table 22. Study area’s stakeholder groups involved in the lateral connectivity policy debate 

Group Subgroup Profile 

Recreationist  Person  who recreates on the river by using a public access point 

Fishermen The degree of specialization ranges from infrequent participants to a specialists.  This 
range encompasses infrequent/novice weekenders to experienced tournament 
fishermen.  Primary species targeted include bass, bluegill, and crappie.  

Boaters Pleasure seekers/sightseers/wildlife enthusiast ranging from infrequent family outings 
to frequent weekend trips to long distance multi-night trips. 

Hunters Targeted species include: big game (i.e., deer and turkey), small game (i.e., squirrel, 
rabbit, quail, dove, etc…), and waterfowl.  The degree of specialization ranges from 
infrequent participant targeting small game to specialist targeting turkey and 
waterfowl.   

Main Channel Resident  Person who owns a residence with limited acreage located adjacent to the main 
channel.  This person uses the river through a private access point along the main 
channel. 

Primary Owners range from local workers to commuters to retirees.   

Secondary This residence ranges from a weekend/vacation to a part-time home.  Owners may 
reside locally or regionally.  

Off-Channel Resident  Person who owns a residence with limited acreage located adjacent to an off-channel 
area.  This person uses the river through a private access point. 

Primary Owners range from local workers to commuters to retirees.   

Secondary This residence ranges from a weekend/vacation to a part-time home.  Owners may 
reside locally or regionally.  

Private Landowner  Person maintains substantial acreage adjacent to the main channel or an off-channel 
area and uses the river through a private access point along the main channel or an 
off-channel area 

Minimal off-
channel areas 

Property contains minimal off-channel areas. 

Significant off-
channel  

Property contains significant off-channel areas. 
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Table 22 (continued) 

Group Subgroup Profile 

Land Leaser  Person leases significant acreage adjacent to the main channel or an off-channel area 
for recreation uses (i.e., fishing, boating and/or hunting).  Person accesses the river 
through a private point along the main channel or an off-channel area 

Minimal off-
channel areas 

Property contains minimal off-channel areas. 

Significant off-
channel  

Property contains significant off-channel areas. 

Main Channel 
Cabin/Trailer Renter 

 Person rents a cabin/trailer home adjacent to the main channel for recreation uses 
(i.e., fishing, boating and/or hunting) and accesses the river through a private point 
along the main channel. 

Off-Channel 
Cabin/Trailer Renter 

 Person rents a cabin/trailer home adjacent to an off-channel area for recreation uses 
(i.e., fishing, boating and/or hunting) and accesses the river through a private point 
along the off-channel area. 

Environmental Interests 
Groups/Organizations 

 Environmental protection and restoration groups; wildlife, fisheries and habitat 
protection/conservation/restoration groups; and land trust/conservation 
organizations; examples include: Black Warrior Riverkeeper; Clean Water Partnership; 
Alabama Bass Federation, Inc.; West Alabama Bass Fisherman’s Association; and the 
Black Warrior-Cahaba Rivers Land Trust 

Waterborne Shippers 
and Carriers 

 Major shippers own and move cargo on the river.  Shippers may include owners of 
coal, ores, chemicals, and forest products.  Carriers include the barge lines.  

Government  Local, state, and federal government/agencies; examples include City of Demopolis, 
USACE, Alabama Department of Environmental Management, and Alabama 
Department of Conservation and Natural Resources 

Local Businesses  Businesses may include: hotels, sporting good stores, boat marinas, restaurants, and 
gas stations 
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Table 23. Study area’s stakeholder groups and social connection to lateral connectivity 

Group Subgroup Social Connection to Lateral Connectivity 

Recreationist Fishermen All fishermen, regardless of specialization and targeted species, frequently use off-
channel areas for fishing 

Boaters All boaters, except for long distance multi-night travelers, utilize off-channel areas for 
sightseeing and to escape the main channels commercial traffic 

Hunters Hunters use the river less frequently than other recreationists.  However, when using 
the river, hunters primarily target waterfowl and frequent off-channel areas due to the 
habitat present. 

Main Channel Resident Primary Due to location, this group does not maintain direct access to off-channel areas.  
Stakeholders utilize off-channel areas for recreation. 

Secondary Due to location, this group does not maintain direct access to off-channel areas.  
Stakeholders utilize off-channel areas for recreation 

Off-Channel Resident Primary Primarily located on large and populated off-channel area and want main channel 
access and to utilize other off-channel areas for recreation 

Secondary Primarily located on large and populated off-channel areas and want main channel 
access and to utilize other off-channel areas for recreation 

Private Landowner Minimal off-
channel areas 

Utilizes off-channel areas external from the property owned for recreation 

Significant off-
channel  

Utilizes off-channel areas within property for recreation and prefers to limit access 

Land Leaser Minimal off-
channel areas 

Utilizes the main channel and other off-channel areas for recreation 

Significant off-
channel  

Utilizes off-channel areas within property for recreation and prefers to limit access  

Main Channel 
Cabin/Trailer Renter 

 Due to location, this group does not maintain direct access to off-channel areas.  
Stakeholders utilize off-channel areas for recreation 

Off-Channel 
Cabin/Trailer Renter 

 Primarily located on large and populated off-channel areas and want main channel 
access and to utilize other off-channel areas 
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Table 23 (continued) 

Group Subgroup Social Connection to Lateral Connectivity 

Environmental Interests 
Groups/Organizations 

 Generally promote lateral connectivity between the main channel and off-channel 
areas to create and improve the river’s environment attributes and human 
experiences.  Focused on numerous other issues besides lateral connectivity, which 
frequently take priority. 

Waterborne Shippers 
and Carriers 

 Priorities are the maintenance of commercial navigation infrastructure (i.e., locks and 
dams) and main channel depths.  These priorities compete with the maintenance of 
off-channel entrances for monetary allocations.  

Government  A stake in bringing jobs and additional tax base into the state and local area and 
maintaining natural resources for public use and intrinsic value.  Historically supported 
consistent maintenance of commercial navigation infrastructure and main channel 
depths over consistent maintenance of off-channel areas maintenance to accomplish 
this goal. 

Local Businesses  Supportive of business and economic development – indifferent if it comes from off-
channel areas or waterborne shippers and carriers and connected industries 
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Impacts of Historic Lateral Connectivity Management 

Environmental Dimension 

The impacts of lateral connectivity on the environmental dimension are analyzed by 

Maceina and Spike (2005).  Maceina and Spike (2005) compared fish diversity and sport fish 

populations in ten sites on the Demopolis Lake based on three habitat types: 1) river channel 

habitats, 2) open-access backwater habitats, and 3) closed/nearly-closed backwater habitats.  

Species richness (i.e., those species represented by more than one individual) was higher in 

open-access backwater habitats than in closed/nearly-closed backwater habitats.  The 

largemouth bass, crappie, gizzard shad, and threadfin shad catch rates for both number and 

weight were also highest in the open-access backwater habitats.  The open-access backwater 

habitats’ catch rates for numbers and weight trailed closed/nearly-closed backwater habitats 

for bluegill, redear, and spotted gar, potentially due to the shallower and more productive 

habitat in the closed/nearly-closed backwaters.  Maceina and Spike’s (2005) research supports 

the need to maintain lateral connectivity to improve species richness and the most popular 

sportfish sought by Alabama anglers (i.e., largemouth bass and crappie) (Maceina and Spike 

2005). 

Analyzing historical fish sampling data obtained by the Alabama Department of 

Conservation and Natural Resources’ (ADCNR) Division of Wildlife and Freshwater Fisheries 

provides more details on the effects declining lateral connectivity may have on the health of the 

Demopolis and Warrior lakes’ fisheries.  The Demopolis Lake fishery was sampled every year 

since 1998 and in 1995, 1993, 1989, and 1987 by the Alabama Department of Conservation and 

Natural Resources’ (ADCNR) Division of Wildlife and Freshwater Fisheries (Haffner, Moss, and 
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Piper 2010).  The sampling record does not date back to 1965, so a complete assessment of the 

fishery over the course of the lateral connectivity analysis timeframe cannot be completed.  

However, the Demopolis Lake’s available sampling data does not currently indicate that the 

declining lateral connectivity (i.e., declining accessibility to stream mouths, sloughs, and 

backwater areas) is a limiting factor for bass spawning, recruitment, and growth in the 

Demopolis Lake (Jay Haffner (ADCNR Fisheries Section’s District III biologist), pers. comm.).   

Off-channel areas provide important spawning and nursery habitats that larval juvenile, 

and adult fish populations depend on for survival (Sparks 1995; Junk, Bayley, and Sparks 1989).  

For this reason, the historic electro-fishing catch-per-hour (CPH) of age-1 largemouth bass (i.e., 

yearling largemouth bass) in the Demopolis Lake was analyzed.  The Demopolis Lake data 

indicate quality spawning and recruitment of age-1 largemouth bass.  Jay Haffner, ADCNR 

Fisheries Section’s District III biologist, indicates that a CPH between 20 and 30 is indicative of a 

fishery with quality spawning and recruitment of age-1 largemouth bass, and figure 67 shows 

the Demopolis Lake’s CHP of age-1 largemouth bass being greater than 20 in 12 of the 17 years 

sampled (no sampled occurred in 2007) (Haffner, Moss, and Piper 2010; Jay Haffner, pers. 

comm.). 
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Figure 67. Demopolis Lake’s catch-per-hour of age-1 largemouth bass (figure 67 from Haffner, 
Moss, and Piper 2010) 

 
 

Figure 68 compares the Demopolis Lake’s 2010 sampling data with historic Demopolis 

Lake averages and statewide averages. The CPH for various largemouth bass size classes is 

shown in figure 68.  This sampling data, from Haffner, Moss, and Piper (2010), further supports 

the presence of quality spawning and recruitment for largemouth bass.  Table 24 gives the 

largemouth bass size ranges for the incremental relative stock density (RDS) categories 

depicted in figure 68.  For Demopolis Lake, figure 68 shows the 2010 and historic CPH for each 

size category exceeding the statewide average except for the memorable to trophy category 

(Haffner, Moss, and Piper 2010).  

 
 
 
 

Figure 7. The catch per hour (CPH) of age-1 largemouth bass at Demopolis Reservoir. The 

blue bars represent year-classes established prior to the 14-inch minimum-length limit and 

the green bars represent post-size limit year-classes. 
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Table 24. Largemouth bass size ranges for the incremental relative stock density size categories 
(Jay Haffner, pers. comm.) 

Category Size Range (inches) 

Substock Less than 7.9” 

S – Q    (Substock – Quality) 7.9” to 11.8” 

Q – P   (Quality – Preferred) 11.8” to 15” 

P – M  (Preferred – Memorable) 15” to 20” 

M – T  (Memorable – Trophy) Greater than 20” 

 
 
Figure 68. Demopolis Lake’s largemouth bass catch per hour for various size classes (figure 68 
from Haffner, Moss, and Piper 2010) 

Figure 3. Catch per hour (CPH) of largemouth bass (N=388) at Demopolis Reservoir, April 2010, and 

the lake and statewide averages. Error bars represent the 25th and 75th percentile of CPH values, 

statewide.
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Based on ADCNR Division of Wildlife and Freshwater Fisheries’ data, it is believed that 

the spawning and recruitment of juvenile largemouth bass has not been adversely impacted by 

the decline in accessibility to stream-mouths, sloughs, and backwater areas.  Haffner suspects 

that even though accessibility to stream mouths, sloughs, and backwater areas has declined, an 

adequate number of these areas remained accessible providing the necessary habitat to 

maintain a healthy fishery.  So, currently, based on ADCNR’s sampling data, accessibility to 

prime spawning and recruitment areas is not a limiting factor for the Demopolis Lake fishery, 
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although this could change.  Haffner also noted that a decline in lateral connectivity may impact 

largemouth bass spawning and recruitment at other fisheries more, due to the fishery not 

having an adequate off-channel habitat supply to fall back on (Jay Haffner, pers. comm.).  The 

ADCNR collected similar sampling data on the Warrior Lake for largemouth bass in FY 2007, 

2003, 2000, 1994, 1989, and 1986 which revealed similar results.  Haffner, however, does note 

that degraded small boat access channels are a major issue facing the Black Warrior River, 

particularly the Demopolis Lake (Jay Haffner, pers. comm.).  Haffner, Moss, and Piper (2008) 

encourage the USACE to “perform periodic, maintenance dredging of the mouths of major 

tributaries, in order to keep them open and accessible to anglers and boaters” (Haffner, Moss, 

and Piper 2008). 

 

Human Dimension 

The differential effects of the historic lateral connectivity management policy on the 

study area’s identified stakeholder groups are depicted in table 25.  The effects are based on 

the stakeholder group profiles developed from knowledge acquired through the study area’s 

stakeholder analysis.  The management policy’s cumulative effect on each stakeholder group is 

described numerically and in words.  Figure 69 depicts the numerical scale. 

 
Figure 69. Numerical scale of the management policy’s effect on stakeholder groups 
 
Negative Effect    Neutral Effect    Positive Effect 
 
 

  -3   -2   -1   0   1  2  3 
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Several steps are taken to identify numerically the management policy’s cumulative effect on 

each stakeholder group.  The management policy’s cumulative effect is initially determined to 

be negative, neutral, or positive based on each stakeholder group’s profile.  If the effect is 

determined to be negative or positive, the magnitude of the effect is then assessed and 

determined to be minor, moderate, or major.  The more detailed determination is again based 

on each stakeholder group’s profile.  A minor effect is labeled negative one or positive one.  A 

moderate effect is labeled negative two and positive two, and a major effect is labeled negative 

three or positive three.    

 



 

135 
 

Table 25. Historic lateral connectivity management policy’s effect on the study area’s stakeholder groups 

  Effect of Historical Management Policy 

Group Subgroup Effect Description of Effect 

Recreationist Fishermen -3 Declining access to quality fisheries 

Boaters -3 Declining access to diverse habitats, lower traffic areas, and wildlife prone 
areas 

Hunters -2 Declining access to prime waterfowl hunting locations and state wildlife 
management areas and USACE owned land 

Main Channel Resident Primary -3 Declining access to quality recreation experiences 

Secondary -3 Declining access to quality recreation experiences 

Off-Channel Resident Primary -2 Declining access to quality recreation experiences but maintain easy and 
direct access to at least one off-channel area 

Secondary -2 Declining access to quality recreation experiences but maintain easy and 
direct access to at least one off-channel area 

Private Landowner Minimal off-
channel areas 

-2 Declining access to quality recreation experiences but maintain other 
recreation  

Significant off-
channel areas 

+2 Increasing private access to off-channel areas located on property owned  

Land Leaser Minimal off-
channel areas 

-2 Declining access to quality recreation experiences but maintain other 
recreation  

Significant off-
channel areas  

+2 Increasing private access to off-channel areas located on leased owned  

Main Channel 
Cabin/Trailer Renter 

 -3 Declining access to quality recreation experiences 

Off-Channel 
Cabin/Trailer Renter 

 -2 Declining access to quality recreation experiences but maintain easy and 
direct access to at least one off-channel area 
 

Environmental 
Interests 
Groups/Organizations 

 -1 Deteriorating environmental attributes and human experiences associated 
with lateral connectivity.  Improvement related to higher priority issues.   
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Table 25 (continued) 

  Effect of Historical Management Policy 

Group Subgroup Effect Description of Effect 

Waterborne Shippers 
and Carriers 

 +2 Past management policy’s priority is commercial transportation 
infrastructure and main channel dredging. Percentage of funds allocated to 
this business line increased 5% over the past 5 years.  The recreation 
business line declined 5% over the same period. 

Government  0 No major changes have occurred to the local economies; the area’s natural 
resources were minimally managed for public use and intrinsic value   

Local Businesses  -1 Local businesses’ historic revenue streams have either remained constant or 
declined, but they have not flourished.   
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Social Impact of Management Policy Alternatives 

Methods 

The development of management policy alternatives is influenced by information 

acquired throughout this case study including the study area’s historic management policy and 

associated stakeholder group effects, societal values, managing institutions and frameworks, 

management challenges, and lessons learned from management policies on similar inland 

waterways.  Additionally, to help officials implement the appropriate policy alternative, a social 

impact assessment is completed for each alternative to analyze its stakeholder group 

consequences. 

 

Management Alternatives 

Low Management Alternative.  The low management alternative is the business-as-

usual approach to lateral connectivity management.  Lateral connectivity, under this 

alternative, is managed infrequently and inconsistently.  There is not a major effort made to 

obtain federal funding, and when federal funds are available and allocated for lateral 

connectivity management, the USACE externally contracts the dredging of off-channel 

entrances.  Also, the off-channel entrances that currently maintain section 401 water quality 

certification permits will be the management focus within the study area.  An effort will not be 

made to certify for dredging off-channel entrances that were previously open but do not 

currently have section 401 certification. 
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Moderate Management Alternative.  The moderate management alternative places 

greater emphasis on lateral connectivity management than the low management alternative.  

Numerous issues in the low management alternative hinder lateral connectivity management.  

The moderate management alternative resolves several of these issues. 

 Eliminates budgetary confusion:  Creating a defined business line within USACE project 

budgets for cross-business line issues, such as lateral connectivity, will increase internal and 

external awareness of the issues and provide a designated location for federal monetary 

allocations and/or new revenue streams.  

 Provides a federal and/or local revenue stream to fund lateral connectivity management 

due to increasing internal and external awareness of lateral connectivity issues.  A specified 

percentage of the annual federal monetary allocation is distributed directly for alleviating 

lateral connectivity issues since stakeholders are placing a greater emphasis on outdoor 

recreation and environmental protection.  This funding shift could possibly be achieved 

through additional annual allocations rather than acquiring from other business lines.  

However, due to the historically low priority given to lateral connectivity issues and current 

budgetary constraints within the federal government, it may be appropriate to combat the 

controversy and difficulty of allocating additional funds by developing a new revenue 

stream specifically earmarked for lateral connectivity maintenance.  Additional user fees are 

an option to generate revenue to maintain lateral connectivity.  Several options can be 

easily implemented and earmarked to the lateral connectivity’s business line.  Three options 

are listed below in order of their revenue generating potential. 
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1. Increasing boat ramp fees:  Currently, within the study area, 11 boat ramps exist of 

which six charge a three dollar user fee.  Nine of these boat ramps are owned and 

managed by the USACE.  Two of the boat ramps, Demopolis City Landing and Lock 4 

Park, are owned and managed by the City of Demopolis.  A collaborative effort 

between the USACE and the City of Demopolis to implement fees at all boat ramps 

and increase the fee to $7, with the $4 surcharge earmarked for the maintenance of 

off-channel entrances, could drastically reduce and potentially eliminate the need 

for federal monetary allocations to maintain lateral connectivity. 

2. Fishing license surcharge for USACE management waters – Annually requiring a 

minimally priced USACE fishing permit in conjunction with a fishing license for those 

individuals planning to use USACE managed waters can generate additional revenue.  

This surcharge, whose structure resembles a state duck stamp, is earmarked for 

lateral connectivity maintenance. 

3. Dock, pier, boathouse, boat ramp permit fees – Currently, there are no fees 

associated with general permit applications within the study area.  Applying a fee to 

these applications and earmarking the revenue to lateral connectivity management 

may generate a limited amount of funds.     

 Eliminates progressively more expensive and uneconomic external dredging contracts and 

provides access to internal expertise and dredging equipment:  The most recent major 

lateral connectivity dredging activities consisted of spending $350,000 on 89 off-channel 

entrances in 1998 and $500,000 on 49 off-channel entrances in 2010.  Hiring additional 

employees and purchasing dredging equipment allows the USACE to eliminate the need to 
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externally contract dredging activities, thus circumventing increasing costs.  Equipment 

purchases include an amphibious excavator (i.e., a marsh buggy or marsh excavator), a 

small tug/push boat, and a deck barge large enough to transport an amphibious excavator.  

This equipment is shown in appendix X.  High-level pricing from three marsh buggy dealers, 

shown in table 26, provides estimates for new marsh buggies.  Based on these estimates, 

$400,000 is needed to purchase a new marsh buggy, however this expense could be less if a 

used marsh buggy is purchased.   

Table 26. Marsh buggy price estimates 

Dealer Model Description Price ($2011) 

Marsh Buggies, Inc. general range of all models $250,000 to $750,000 

SC-311855 (most popular) $385,000 

Wilson Marsh Equipment CAT 320 1830 $325,000 to $450,000 

CAT 312 1625 $265,000 to $310,000 

Wilco Marsh Buggies & Draglines, 
Inc. 

3200D $325,000 

3290D $385,000 

3200DLF (long reach) $385,000 

3290DLR (long reach) $500,000 

 
Currently, the Black Warrior-Tombigbee Waterway project does not have the equipment to 

transport a marsh buggy to the various off-channel entrances within the study area.  For 

this reason, a small tug/push boat and deck barge are needed.  Their costs vary considerably 

based on age, size, and horsepower.  High-level pricing for a small tug/push boat and deck 

barge received from a regional towing company and internet-based searches indicates that 

approximately one million dollars is needed to purchase these two pieces of equipment.  

The annual lateral connectivity dredging operation and maintenance costs are estimated at 

between $500,000 and one million dollars for the study area.  This includes a three person 

crew to operate and manage the dredging operation.  The high-end of the annual operation 
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and maintenance cost range is expected in the first management year and will decline 

annually to the lower-end of the estimated range.  The funding needs for this alternative 

can come from annual federal allocations to the Black Warrior-Tombigbee Waterway 

project and/or new localized revenue streams specifically earmarked for the maintenance 

of off-channel entrances.   

 Leverage management costs across multiple inland waterway projects:  Since the study area 

is considered representative of the entire Black Warrior-Tombigbee Waterway project and 

other inland waterway projects accessible from the study area, the equipment and costs 

associated with the moderate management alternative can be leveraged across multiple 

inland waterway projects.  These additional projects include the Alabama-Coosa River 

project and the Tennessee-Tombigbee Waterway project.   

 Expedites dredging permits:  The moderate management alternative initiates and expedites 

the issuance of section 401 water quality certification permits to all previously open off-

channel entrances of whom do not already maintain such a permit.  Section 401 of the 

Clean Water Act (CWA) requires the USACE to obtain state 401 water quality certification 

from the Alabama Department of Environmental Management (ADEM) for any discharges 

of dredge or fill material into waters of the U.S. (USACE Mobile District 1995).  Of the 254 

off-channel entrances identified in the study area, only 117 maintained a section 401 water 

quality certification in 2007 (USACE Mobile District 2007).  Initiating and expediting the 

permitting process will allow all entrances to be dredged immediately and alleviate further 

deterioration. 
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Aggressive Management Alternative.  An aggressive management alternative includes 

all aspects of the moderate management alternative along with the additions below. 

 Increase the dredging depth and width standards for off-channel entrances:  It is suggested 

in several USACE documents that off-channel entrances be dredged to a depth of 4 to 4.5 

feet and a width of 30 feet.  Increasing these standards will decrease the dredging 

frequency of the entrances.   

 Create revetments on the upstream banks of off-channel entrances after dredging occurs:   

Revetments are loosely piled boulders that preserve the existing shoreline and its slope. 

Revetments will act as a defense against sedimentation and erosion during high water 

periods.  Revetments will also decrease the dredging frequency of the entrances. 

 Dredge within the off-channel areas:  Dredging the off-channel entrances and parts of the 

associated backwaters will increase aquatic surface acreage, create diverse habitat, and 

quickly returning off-channel areas to historic dimensions.  

 Obtain federal monetary allocations to take aerial photos of off-channel entrances and 

areas at similar dates and river conditions every other year to provide data for analyzing the 

effects of the chosen management policy.  

 

Social Impacts 

The social impacts of the management policy alternatives are provided for each 

stakeholder group, providing officials information for informed decision-making.  Projection of 

the cumulative effect for each stakeholder group is provided numerically in table 27 (see figure 

69 for the numerical scale).  Each alternative’s effect is initially determined to be negative, 



 

143 
 

neutral, or positive based on each stakeholder group’s profile.  If the effect is determined to be 

negative or positive, the magnitude of the effect is then assessed and determined to be minor, 

moderate, or major.  The more detailed determination is again based on each stakeholder 

group’s profile.  A minor effect is labeled negative one or positive one.  A moderate effect is 

labeled negative two or positive two, and a major effect is labeled negative three or positive 

three.  A description is also provided. 

Table 27. Effects of lateral connectivity management policy alternatives on the study area’s 
stakeholder groups 

Group Subgroup Overall Effect of Management 
Alternatives 

  Low Moderate High 

Recreationist Fishermen -3 +3 +3 

Boaters -3 +3 +3 

Hunters -2 +2 +2 

Main Channel 
Resident 

Primary -3 +3 +3 

Secondary -3 +3 +3 

Off-Channel Resident Primary -2 +2 +2 

Secondary -2 +2 +2 

Private Landowner Minimal off-channel areas -2 +2 +2 

Significant off-channel  +3 -3 -3 

Land Leaser Minimal off-channel areas -2 +2 +2 

Significant off-channel  +3 -3 -3 

Main Channel 
Cabin/Trailer Renter 

 -3 +3 +3 

Off-Channel 
Cabin/Trailer Renter 

 -2 +2 +2 

Environmental 
Interests 
Groups/Organizations 

 -2 +2 +3 

Waterborne Shippers 
and Carriers 

 +3 -1 -1 

Government  -1 +2 +2 

Local Businesses  -1 +2 +2 
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Recreationists.  All three recreationist subgroups (fishermen, boaters, and hunters) will 

likely experience more negative effects from the low management alternative than positive 

effects.  The historic analysis of lateral connectivity shows declining off-channel entrances and 

off-channel areas.  It is unlikely to assume that access to off-channel areas will improve if the 

past management regime continues.  If the historical trend continues, the low management 

alternative will continue to result in a deterioration of off-channel entrances and their 

associated off-channel areas, reducing the subgroup’s access to quality outdoor experiences.  

However, it is possible that at some time period within the lateral connectivity analysis (i.e., 

between 1965 and 2006) that the deterioration of off-channel entrances and associated areas 

stabilized, or at least reached an equilibrium point.  If this is the case, the low management 

alternative would maintain the status quo and have a more neutral effect.  One positive for 

each of the recreationist subgroups materializing from the low management alternative is that 

none of these stakeholders will be subject to additional user fees that may be needed to 

improve off-channel entrances and areas, however it appears that a portion of these 

stakeholders are willing to pay an additional fee to improve access to off-channel areas.     

The three recreationist subgroups, particularly fishermen and boaters, appear to gain 

the most from the moderate and aggressive management alternatives.  Both of these 

alternatives will immediately improve and maintain off-channel entrances creating better 

access to off-channel areas and more accessible aquatic acres for fishing and boating.  Hunters 

will also benefit from improved access to USACE owned lands and the Demopolis Wildlife 

Management Area.  Waterfowl hunters may see the greatest benefit of the hunter subgroup 

since off-channel areas area excellent waterfowl habitat.  If allocations are not shifted from 
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other USACE business lines or if additional federal allocations are unavailable, a negative effect 

may materialize under the moderate and aggressive management alternatives.  Additional user 

fees, which stakeholders may resent, might be needed to cover the added expense of the 

alternatives.  However, this negative effect may be minimized since some stakeholders are 

willing to pay for improved lateral connectivity management.   

 

Main Channel Residents.  Primary and secondary residents along the main channel of 

the Black Warrior River are not guaranteed access to off-channel areas.  For these residents to 

utilize off-channel areas, the entrances must be maintained.  Thus, primary and secondary 

residents along the main channel will likely be negatively impacted by the low management 

alternative which allows the continued deterioration of off-channel entrances and areas, 

reducing quality outdoor experiences.  On the other hand, implementing the moderate or 

aggressive management alternative will improve and maintain access to off-channel entrances 

and areas, creating positive effects for this stakeholder group.  Additionally, if federal funding 

isn’t available to accomplish the moderate and aggressive alternatives’ management objectives, 

depending on how user fees are assessed, these stakeholders may escape the fees since they 

maintain a private access point to the river. 

 

Off-Channel Residents.  Each alternative’s effects on primary and secondary residents 

located adjacent to off-channel areas are similar to those experienced by primary and 

secondary residents located adjacent to the main-channel, except that the negative impacts 

stemming from the low management alternative may not be as damaging to off-channel 
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residents.  The low management alternative will likely cause off-channel areas to deteriorate 

further.  This will hinder this stakeholder group’s access to quality outdoor experiences.  Quick 

and easy access to off-channel areas will become an increasingly valuable commodity. This 

commodity is held by those residents located adjacent to off-channel areas, thus making the 

low management’s impact slightly less severe to off-channel residents compared to main 

channel residents. 

Off-channel residents are usually located on populated off-channel areas.  The 

moderate and aggressive management alternatives provide these residents with improved 

access to the main channel and other off-channel areas that may be more secluded.  For this 

reason, the moderate and aggressive alternatives provide positive effects to this stakeholder 

group.  Additionally, if federal funding isn’t available to accomplish the moderate and 

aggressive alternatives’ management objectives, depending on how user fees are assessed, 

these stakeholders may escape the fees since they maintain a private access point to the river. 

 

Private Landowners.  Private landowners with substantial acreage and minimal off-

channel areas are similar to main channel residents with regards to the effects of the three 

alternatives.  These stakeholders depend on the management of off-channel entrances to 

access diverse and productive backwaters.   Similar to main channel residents, private 

landowners with substantial acreage and minimal off-channel areas will be negatively impacted 

by the low management alternative.  This alternative will likely continue to reduce accessible 

aquatic areas to these stakeholders.  Both the moderate and high management alternatives 

improve the landowner’s capability of accessing off-channel areas, thus producing positive 
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consequences. The private landowner, being adjacent to the main channel or an off-channel 

may also escape the additional monetary cost of the moderate and aggressive alternatives if 

user fees are implemented due to the federal government’s unwillingness to allocate funding.  

The effects of the three alternatives are different for private landowners maintaining 

substantial acreage and significant off-channel areas.  For this stakeholder group, positive 

consequences stem from the low management alternative.  If the landowners’ off-channel 

areas are currently closed off and secluded from other stakeholders, it is likely that the low 

management alternative will not change this situation.  Additionally, it is likely that more off-

channel entrances may be closed off from the main channel excluding potential users and 

creating more seclusion.  The consequences are opposite for the moderate and aggressive 

management alternatives.  Negative consequences from these two alternatives may include the 

improvement and maintenance of currently accessible off-channel areas and potentially the re-

opening of currently closed off-channel areas.  The outcome will be a reduction in privacy by 

increasing other stakeholder groups’ accessibility to off-channel areas located on the 

landowners property.  These negative consequences may be mitigated somewhat by the 

increase in access to off-channel areas that are not associated with the landowners’ acreage. 

This stakeholder may also escape the additional monetary cost of the moderate and aggressive 

alternatives if user fees are implemented due to the federal government’s unwillingness to 

allocate funding.  Support for the moderate and aggressive alternatives would increase if all off-

channel entrances were improved except for the ones located on this group’s private property.  

This essentially adds a not-in-my-backyard (NIMBY) provision to the moderate and aggressive 

management alternatives.   
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Land Leasers.  Land leasers maintain similar social connections to off-channel entrances 

and areas as private landowners and for this reason, the consequences of the low, moderate, 

and aggressive management alternatives are similar for these stakeholder groups.  Individuals 

leasing significant acreage with minimal off-channel areas located adjacent to the main channel 

or an off-channel area desire access to off-channel areas.  The low management does not 

achieve this desire and thus produces negative impacts as off-channel entrances and areas 

continue to deteriorate.  The moderate and aggressive management alternatives improve and 

maintain off-channel entrances allowing this stakeholder group to utilize more of the study 

area’s natural resources.  

Individuals leasing significant acreage with substantial off-channel areas located 

adjacent to the main channel or an off-channel area generally want to exclude other users from 

the leased property.  For this reason, this stakeholder group receives more benefits from the 

low management alternative than the moderate and aggressive alternatives.  The low 

management alternative allows currently open entrances to deteriorate and close while 

currently closed entrances are not re-opened.  These occurrences allow this stakeholder group 

to exclude other users from the natural resources located on their leased property.  The 

moderate and aggressive alternatives have a different effect than the low alternative.  Negative 

effects are generated from the moderate and aggressive alternative for this stakeholder group, 

because the off-channel areas located on the leased property will likely become more 

accessible to other groups.  The ability to exclude inland waterway users will decrease. 
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Main Channel Cabin/Trailer Renters.  Main channel cabin/trailer renters are likely to 

experience negative effects from the low management alternative.  This stakeholder group 

utilizes off-channel areas for quality outdoor experiences.  Under the low management 

alternative this access to off-channel areas will likely continue to deteriorate thus decreasing 

the benefits this stakeholder group receives from the study area.  

  Positive consequences are expected for main channel cabin/trailer renters from the 

moderate and aggressive management alternatives.  Improved and maintained access to 

diverse off-channel areas increase the study area’s usable area and makes quality outdoor 

experiences more easily obtained.  Additionally, since this stakeholder group maintains a 

private access point to the river, it may escape additional user fees necessary to fund the 

moderate and aggressive alternatives if federal funding isn’t available.    

 

Off-Channel Cabin/Trailer Renters.  The three management alternatives’ effects on off-

channel cabin/trailer renters and main channel cabin/trailer renters are almost identical.  Off-

channel cabin/trailer renters are likely to experience negative effects from the low 

management alternative and positive effects from the moderate and aggressive alternatives.  

This stakeholder group is usually located on populated off-channel areas and desires to utilize 

off-channel areas beyond the one they have direct access to.  Under the low alternative off-

channel areas are likely to continue to deteriorate confining this stakeholder group to the off-

channel area where its cabin/trailer is located.  Under the moderate and aggressive 

alternatives, the renters are able to utilize a greater supply of off-channel areas thus increasing 

the likelihood of quality outdoor experiences.  
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Environmental Interest Groups/Organizations.  The environmental interest 

groups/organizations are likely to get more positive effects from the moderate and aggressive 

management alternatives compared to the low management alternative.  Most environmental 

interest groups and organizations associated with the Black Warrior River are concerned with 

maintaining the river’s original lateral connections and habitat and improving water quality and 

outdoor experiences.  The moderate and aggressive alternatives accomplish these objectives 

more effectively than the low alternative.   

The low management alternative may create emerging habitats in closed off-channel 

areas, but the environmental and social benefits developed from the moderate and aggressive 

alternatives out-weigh this occurrence and more clearly meet the missions of the 

environmental interest groups and organizations.  Off-channel areas are likely to deteriorate 

under the low management alternative, slowly converting the study area to a single-use system 

(i.e., commercial transportation).  The moderate and high management would re-establish and 

maintain historically open lateral connections which increases human accessibility to pubic 

waters and quality outdoor experiences, improves water circulation, and returns the system to 

its initial post-dam state.  All of these products are generally favored by the Black Warrior 

River’s main environmental interest groups/organizations.   

  

Waterborne Shippers and Carriers.  Waterborne shippers and carriers’ primary concern 

is funding commercial navigation infrastructure projects and main channel dredging.  It appears 

the main consequence from the low management alternative is the assurance that the 

percentage of federal funds received for commercial navigation infrastructure projects and 
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main channel dredging is not going to drastically change.  This is a positive for waterborne 

shippers and carriers.  The impacts stemming from the moderate and aggressive management 

alternatives may be minimal (i.e., neither positive nor negative) with regards to waterborne 

shippers and carriers.  However, a significant negative impact may materialize if federal funds 

are allocated to lateral connectivity maintenance instead of commercial navigation 

infrastructure projects and main channel dredging.  The development of a new revenue stream 

(e.g., a boat ramp user fee) earmarked for lateral connectivity maintenance will help mitigate 

this group’s concerns regarding reduced allocations. 

 

Government.  The low management alternative appears to have a slightly negative 

effect on state and local government interests due to its perceived inability to encourage 

economic development, create jobs, and added tax base while maintaining natural resources 

for public use and intrinsic value.  The moderate and aggressive alternatives produce positive 

consequences by improving an existing natural resource that enhances eco-tourism activities 

and economic development, while minimally impacting other stakeholder groups.  The 

moderate and aggressive management alternatives may produce more positive consequences if 

the alternatives can eliminate the potential negative impacts to waterborne shippers and 

carriers by assuring federal funds will not be transferred from commercial navigation 

infrastructure projects and main channel dredging to lateral connectivity maintenance.  The 

creation of a new revenue stream generated through user fees and earmarks for lateral 

connectivity maintenance may help mitigate these fears.   
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Local Businesses.  The consequences of each alternative for local business stakeholders 

appear to be similar to the government stakeholder group and for similar reasons.  Currently, 

there appears to be skepticism regarding the low management alternative’s ability to 

encourage economic development, create jobs, and added tax base.  The moderate and 

aggressive management alternatives take advantage of the area’s natural resources, potentially 

generating new revenue from eco-tourism without requiring expensive infrastructure.  The 

most significant impacts of the alternatives will be seen by the local recreational fishing 

industry, particularly small businesses.  The moderate and aggressive alternative will improve 

fishing opportunities, creating a desirable location to recreate.  Businesses supporting the 

fishing industry will receive positive effects.  Under the low management alternative, the 

businesses supporting the local fishing industry will remain stagnant and will likely deteriorate.   

Local businesses appear to be for anything that may bring additional revenues into the 

area, and improving the recreational opportunities within the study area will likely accomplish 

this desire.  Since, some local business are dependent on waterborne shippers and carriers, the 

moderate and high management alternatives may produce more positive consequences if the 

alternatives can eliminate the potential negative impacts to waterborne shippers and carriers 

by assuring federal funds will not be transferred from commercial navigation infrastructure 

projects and main channel dredging to lateral connectivity maintenance.  The creation of a new 

revenue stream generated through user fees and earmarks for lateral connectivity maintenance 

may help mitigate these fears.   
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CONCLUSION 

The construction of two federally owned locks and dams within the study area created a 

multi-use inland waterway due to the formation of lentic environments upstream of the 

regulating structures.  The inland waterway’s historic management was largely one-dimensional 

and main channel-oriented.  This one-dimensional approach caused a significant deterioration 

of lateral connectivity.  The study area, in 1965, contained 254 off-channel entrances that were 

open, marginally open or closed.  Between 1965 and 2006, the number of open or marginally 

open entrances went from 251 to 119.  Open and marginally open off-channel areas decreased 

1,125 acres within this timeframe, representing a 26 percent decline.  Overall, 643 off-channel 

acres, regardless of status, were lost between 1965 and 2006, representing a 15 percent 

decline, and the average and median size of off-channel areas declined 30 and 53 percent 

respectively.   

The decline in lateral connectivity affected the environmental and human dimensions.  

The impacts to the environmental dimension were assessed through analyzing the study area’s 

fishery health.  Mixed results were observed.  Maceina and Spike (2005) found higher species 

richness and largemouth bass catch rates in open off-channel areas compared to closed or 

nearly closed off-channel areas.  Haffner, Moss, and Piper (2010) concluded that historic 

largemouth bass sampling within the study area indicated quality spawning and recruitment.  

Haffner (pers. comm.) also suspects, that even though lateral connectivity has declined, an 

adequate amount of off-channel areas remain accessible providing the habitat needed to 
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maintain quality largemouth bass spawning and recruitment.  Several reasons may explain 

Haffner, Moss, and Piper’s (2010) conflicting findings.  Sampling data from Haffner, Moss, and 

Piper (2010) only dates to 1987 and does not encompass the entire timeframe of the lateral 

connectivity analysis (i.e., 1965 to 2006).  This creates an incomplete comparison.  Additionally, 

Haffner, Moss, and Piper (2010) do not analyze the study area’s total size and total fish 

population, and they do not compare open, marginally open and closed off-channel areas.  

Although not analyzed by Haffner, Moss, and Piper (2010), this research showed a decline in 

the study area’s accessible aquatic area which reduced the overall size of the fishery.  

Subsequently, the system’s overall capacity for fish and stakeholders declined.        

 The human dimension was analyzed by identifying the study area’s stakeholder groups 

and determining how each group was impacted by the area’s historic lateral connectivity 

management.  Each group was differentially affected by the decline in lateral connectivity.  The 

vast majority of these stakeholder groups were negatively affected by the decline.  The only 

stakeholder groups receiving positive effects from the historic decline were private landowners 

maintaining substantial acreage with significant off-channel areas, land leasers maintaining 

substantial acreage with significant off-channel areas, and waterborne shippers and carriers.  

The decline in lateral connectivity allowed these private landowners and land leasers to exclude 

other stakeholder groups from using the water resources on their private or leased property, 

and the historic neglect of lateral connectivity management allowed the waterborne shippers 

and carriers’ waterway management needs to maintain priority.  As a consequence, this group 

did not have to relinquish federal monetary allocations for lateral connectivity management.  

These three stakeholder groups were better organized and aware of the effects of lateral 
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connectivity management compared to other stakeholder groups.  This organization and 

awareness allowed these groups to effectively engage the lateral connectivity policy debate.    

 As the lateral connectivity policy debate continues, the development of low, moderate 

and aggressive management policy alternatives expose and provide solutions to the underlying 

issues hindering lateral connectivity management.  These alternatives and their assessed social 

impacts provide decision-makers with options to address lateral connectivity issues.  These 

alternatives also provide a framework for addressing lateral connectivity issues in altered river 

systems throughout the U.S.  
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Appendix A. Black Warrior River map (figure courtesy of Alabama Rivers Alliance) 
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Appendix B. Black Warrior-Tombigbee Waterway map with locks and dams (figure courtesy of 
USACE) 
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Appendix C. Black Warrior-Tombigbee Waterway map (figure courtesy of USACE) 
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Appendix D. Demopolis Lake map (figure courtesy of USACE) 
 

 



 

168 
 

Appendix E. Warrior Lake map (figure courtesy of USACE) 
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Appendix F. Locks and dams on the Black Warrior-Tombigbee Waterway (pictures courtesy of 
USACE) 
 
Coffeeville Lock and Dam 

 
 
Demopolis Lock and Dam 
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Appendix F (continued) 
 
Armistead I Selden Lock and Dam 

 
 
William Bacon Oliver Lock and Dam 
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Appendix F (continued) 
 
Holt Lock and Dam and powerhouse 

 
 
Bankhead Lock and Dam and powerhouse 

 



 

172 
 

Appendix G. Bryan, Hobson, Raymon Harris, and Al Mills. 1993. “Oral and Written Testimony 
Before the U.S. Congress House of Representatives Committee on Appropriations 
Subcommittee on Energy and Water Development.” (March 29). 
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Appendix G (continued) 
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Appendix G (continued) 
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Appendix G (continued) 
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Appendix G (continued) 
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Appendix G (continued) 
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Appendix H. H.R. REP. NO. 103-135, 51 (1993) 
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Appendix H (continued) 
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Appendix I. Picture of a motor vessel and the floating crane Choctawhatchee (pictures courtesy 
of USACE) 
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Appendix J. Off-channel entrance dredging in 2010 on the Black Warrior-Tombigbee Waterway 
(pictures courtesy of USACE and Black Warrior Riverkeeper) 
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Appendix J (continued) 
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Appendix K. 1965 aerial photos of the study area 
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Appendix L. 2006 aerial photos of the study area 
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Appendix M. 1965 entrances and status 

River mile 213 to 292 
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Appendix M (continued) 
River mile 213 to 222 
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Appendix M (continued) 
River mile 219 to 230 

 



 

188 
 

Appendix M (continued) 
River mile 227 to 238 
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Appendix M (continued) 
River mile 235 to 249 
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Appendix M (continued) 
River mile 249 to 258 
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Appendix M (continued) 
River mile 257 to 264 

 



 

192 
 

Appendix M (continued) 
River mile 264 to 271 
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Appendix M (continued) 
River mile 271 to 284 
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Appendix M (continued) 
River mile 279 to 292 
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Appendix N. 2006 entrances and status 
River mile 213 to 292 
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Appendix N (continued) 
River mile 213 to 222 
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Appendix N (continued) 
River mile 220 to 231 
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Appendix N (continued) 
River mile 227 to 238 
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Appendix N (continued) 
River mile 238 to 250 
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Appendix N (continued) 
River mile 250 to 259 
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Appendix N (continued) 
River mile 260 to 265 
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Appendix N (continued) 
River mile 265 to 277 
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Appendix N (continued) 
River mile 273 to 284 
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Appendix N (continued) 
River mile 280 to 292 
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Appendix O. 1965 off-channel areas and status 

River mile 213 to 292 
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Appendix O (continued) 
River mile 213 to 222 
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Appendix 0 (continued) 
River mile 219 to 230 
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Appendix 0 (continued) 
River mile 226 to 237 
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Appendix 0 (continued) 
River mile 230 to 234 

 



 

210 
 

 
Appendix 0 (continued) 
River mile 236 to 249 
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Appendix 0 (continued) 
River mile 241 to 251 
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Appendix 0 (continued) 
River mile 251 to 259 
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Appendix 0 (continued) 
River mile 259 to 266 
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Appendix 0 (continued) 
River mile 263 to 271 
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Appendix 0 (continued) 
River mile 267 to 278 
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Appendix 0 (continued) 
River mile 278 to 289 
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Appendix 0 (continued) 
River mile 282 to 292 
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Appendix P. 2006 off-channel areas and status 
River mile 213 to 292 
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Appendix P (continued) 
River mile 213 to 222 
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Appendix P (continued) 
River mile 219 to 231 
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Appendix P (continued) 
River mile 228 to 237 
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Appendix P (continued) 
River mile 233 to 249 
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Appendix P (continued) 
River mile 244 to 253 
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Appendix P (continued) 
River mile 253 to 261 
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Appendix P (continued) 
River mile 261 to 267 
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Appendix P (continued) 
River mile 263 to 272 
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Appendix P (continued) 
River mile 268 to 277 
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Appendix P (continued) 
River mile 277 to 288 
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Appendix P (continued) 
River mile 281 to 292 
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Appendix Q. Historic change of an off-channel entrance 
 
Open entrance in 1965 

 
 
 
Marginally open entrance in 2006 
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Appendix Q (continued) 
 
Picture of marginally open entrance in 2008 (photo by author) 

 
 
 
 
Picture of marginally open entrance in 2008 (photo by author) 
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Appendix R. Historic change of an off-channel entrance 
 
Open entrance in 1965 

 
 
Closed entrance in 2006 

 
 
Picture of closed entrance in 2008 (photo by author) 
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Appendix S. Historic change of an off-channel entrance 
 
Open entrance in 1965            Closed entrance in 2006 

                   
 
 
Picture of closed entrance in 2008 (photo by author) 
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Appendix T. Historic change of an off-channel entrance 
 
Open entrance in 1965   Closed entrance in 2006 

       
 
Picture of closed entrance in 2008 (photo by author) 
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Appendix U. Historic change of an off-channel entrance 
 
Open entrances in 1965    Marginally open and closed entrances  

     
 
Picture of a marginally open entrance in 2008 (photo by author) 
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Appendix V. USACE Demopolis Site Office boat used for river trips/field observations (photo by 
author) 
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Appendix W. Field observations, stakeholder examples, interview locations (photos by author) 
 
Fishermen 

 
 
Fishermen 
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Appendix W (continued) 
 
Fishermen 

 
 
Boaters 
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Appendix W (continued) 
 
Boaters 

 
 
Main channel resident 
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Appendix W (continued) 
 
Main channel resident 

 
 
Off-channel resident 
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Appendix W (continued) 
 
Off-channel resident 

 
 
Off-channel resident 
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Appendix W (continued) 
 
Off-channel resident 

 
 
Off-channel resident 
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Appendix W (continued) 
 
Private landowner 

 
 
Private landowner 
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Appendix W (continued) 
 
Land leaser 

 
 
Land leaser 
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Appendix W (continued) 
 
Off-channel cabin/trailer renter 

 
 
Waterborne shippers and carriers 
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Appendix W (continued) 
 
Waterborne shippers and carriers 

 
 
Businesses 
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Appendix W (continued) 
 
Businesses 

 
 
Businesses 
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Appendix X. Lateral connectivity maintenance equipment (photos courtesy of Black Warrior 
Riverkeeper) 
 
Tug/Push boat and barge 

 
 
Marsh buggy 
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