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Executive Summary 
 

This final Fish and Wildlife Coordination Act (FWCA) report contains the findings and 

recommendations of the U.S. Fish and Wildlife Service (Service) pertaining to the 

Memphis District (in conjunction with the Vicksburg District), U.S. Army, Corps of 

Engineers’ (Corps) Bayou Meto Basin, Arkansas, General Reevaluation.  It has been 

prepared and is submitted in accordance with the FWCA (48 Stat. 401, as amended; 16 

U.S.C. et seq.).  This report discusses the impacts of the authorized project on the fish 

and wildlife resources, outlines conservation measures to address fish and wildlife 

resource concerns, and recommends mitigation measures to offset unavoidable fish and 

wildlife resource losses.  This document constitutes the report of the Service as required 

by Section 2(b) of the Act.   

 

The study area is located in portions of Arkansas, Jefferson, Lonoke, Pulaski, and Prairie 

Counties within the Arkansas and White River basins.  The vast majority of the project 

area is located within the Arkansas River basin and encompasses numerous streams 

including Bayou Meto, Little Bayou Meto, Wabbaseka Bayou, Indian Bayou, Bayou Two 

Prairie, Salt Bayou, Boggy Slough, Crooked Creek, and their tributaries.  The extreme 

northeastern portion of the project area contains streams draining into Wattensaw Bayou, 

a tributary of the White River.  The Arkansas River, despite significant modifications to 

facilitate barge navigation, remains an important recreational fishery.   

 

Important wildlife habitats within the 779,109 acre project area include the Bayou Meto 

Wildlife Management Area (WMA) and Forest Bird Conservation Area (FBCA) and the 
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Big Ditch FBCA.  These two areas provide the largest core acreages of bottomland 

hardwood habitats in the project area with 15,618 acres and 2,216 acres, respectively, of 

unfragmented forest.  The total amount of forested habitat in these areas is 52,384 acres 

and 10,732 acres, respectively.  These areas, along with the surrounding agricultural land, 

provide important habitat for both migratory and resident waterfowl including Mallard, 

Northern Pintail, Blue-wing Teal, Green-wing Teal, Gadwall, American Wigeon, Black 

Duck, Canvasback, Ring-necked Duck, Wood Duck, Hooded Merganser, Snow Goose, 

and Canada Goose.  Many species of neotropical migratory songbirds are especially 

dependant upon large forested areas for successful reproduction.  Other game, non-game, 

and furbearing species that inhabit the project area include Eastern Wild Turkey, white-

tailed deer, gray squirrel, fox squirrel, swamp rabbit, cottontail rabbit, Mourning Dove, 

numerous raptor species, raccoon, opossum, beaver, mink, muskrat, and river otter.   

 

A project for flood control in the Bayou Meto basin in eastern Arkansas was originally 

authorized by Section 204 of the Flood Control Act of 1950 (64 Stat 174).  The original 

project was deauthorized in 1986 by Section 1001 of the Water Resources Development 

Act (WRDA) (33 U.S.C. 579A(B)).  The Eastern Arkansas Region Comprehensive Study 

was conducted jointly by the Corps of Engineers’ Memphis District and the Natural 

Resources Conservation Service in 1990.  The reconnaissance phase report and the 

feasibility report indicated that several agricultural water supply and conservation plans 

were feasible, including within the Bayou Meto area.  This study was eventually 

terminated because Corps policy does not consider agricultural water supply a high 

priority mission.  The Corps was directed by Congress to select and develop 
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implementation plans for one area to serve as an agricultural water supply demonstration 

project.  The Grand Prairie subarea directly adjacent to the Bayou Meto project area was 

selected due to the severity of aquifer depletion.  This demonstration project is currently 

in the construction phase.  The Bayou Meto project was conditionally reauthorized by 

WRDA 1996 and the scope of the project was expanded to include groundwater 

protection and conservation, agricultural water supply, and waterfowl management.  

Congressional language contained in the Energy and Water Appropriations Act 1998 

directed the Corps to initiate a reevaluation of the Bayou Meto Basin. 

 

Four water delivery alternatives, six flood control alternatives, and several waterfowl 

management alternatives were investigated in detail.  The final preferred alternative 

incorporates aspects of all these including: 

Water Delivery 

1. Construction of tailwater recovery systems and conversion from open ditches to 

pipelines (552 miles) for on-farm water distribution to increase water use 

efficiency from 60 to 70 percent. 

2. Construction of on-farm water storage reservoirs (8,832 acres). 

3. Construction of a 1,750 cfs capacity pumping station on the Arkansas River. 

4. Construction of pumping stations (4), regulation reservoirs (3), new canals (105 

miles), modifications to existing ditches (116 miles), siphons (74), weirs (56), 

pipelines (472 miles), and smaller pumps (183) to distribute and regulate 

irrigation water throughout the project area. 
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Flood Control 

1.  Construction of a 1,000 cfs capacity pump station at the mouth of Little Bayou 

Meto to pass flood flows over the existing gate/levee system into the Arkansas 

River.  This is both a flood control and waterfowl management feature. 

2. Channel silt cleanouts and selective debris jam removals on several streams in the 

lower basin including Little Bayou Meto, Boggy Slough, Wabbaseka Bayou, 

Indian Bayou Ditch, Indian Bayou, Salt Bayou, Crooked Creek Ditch, and 

Crooked Creek. 

3. Five mile diversion of Big Bayou Meto with a levee along the right descending 

bank. 

4. Establishment of 100 ft. wide riparian corridors on 2,643 acres of land to provide 

non-structural flood damage control. 

 

Waterfowl Management and Restoration 

1. Construction of a 1,000 cfs capacity pump station at the mouth of Little Bayou 

Meto to pass flood flows over the existing gate/levee system into the Arkansas 

River.  This is both a flood control and waterfowl management feature.  The 

ability to pass water over the levee system will reduce prolonged spring and 

summer flooding that has contributed to timber death and stress in the Bayou 

Meto WMA.   

2. Completion of silt cleanouts from selected streams and ditches within the Bayou 

Meto WMA, construction of control structures, and removal of selected levees to 
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facilitate water management and aid in restoration of the natural hydrologic 

regime in the area.   

3. Restoration of habitats in the Grand Prairie region to benefit resident and 

migratory King Rail and other waterfowl populations.  Specific habitat 

restorations will include construction of herbaceous wetlands (2,000 acres) to 

provide nesting habitat for King Rails and planting of upland buffers (8,000 acres) 

to preserve wetland functions and reduce nest predation.  These features will have 

numerous ancillary benefits to other prairie species including migratory waterfowl 

such as Northern Pintail and obligate grassland birds such as Smith’s Longspur 

and the extirpated Greater Prairie-Chicken. 

4. Restoration of 23,000 acres of bottomland hardwood habitats to benefit migratory 

waterfowl, especially Mallards and Wood Ducks.  Planting of frequently flooded 

agricultural land to hardwoods will provide multiple primary and ancillary 

benefits including providing diverse and nutritious forage for waterfowl; 

providing habitat for waterfowl pair bonding and predator evasion; enlarging and 

connecting existing forest patches to benefit obligate interior forest nesting 

neotropical migrant birds; and providing habitat for a myriad of other common 

and rare birds, mammals, reptiles, and amphibians. 

5. Establishment of 100 ft. wide riparian corridors on 2,643 acres of land to help 

reduce sedimentation and provide minimal wildlife habitat. 

6. Establishment of 240 acres of managed moist soil habitat to benefit migratory 

waterfowl and fulfill regional habitat goals. 
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Direct and indirect impacts of the preferred alternative would require 2,313 acres and 

1,780 acres of mitigation, respectively, to compensate for losses of terrestrial habitat 

functions and wetland functions.  These figures were derived using the terrestrial 

Habitat Evaluation Procedures (HEP) and  a hydrogeomorphic (HGM) wetlands 

impact assessment to determine compensatory mitigation requirements due to direct 

habitat impacts such as the footprints of spoil piles, canals, or other infrastructure, and 

indirect impacts such as alteration of hydrological regimes (Corps, unpublished data 

2005; Klimas and Blake 2005).  The other analyses, including a waterfowl carrying 

capacity analysis and an aquatic HEP, all resulted in lower compensation 

requirements, therefore the results of the terrestrial HEP and HGM analysis were used 

to determine the minimum compensation acreage.  Specific mitigation locations will 

be coordinated with the Service and the Arkansas Game and Fish Commission 

(AGFC). 

 

We have identified several serious existing fish and wildlife resource concerns in the 

project area.  These include: 1) conversion of bottomland hardwood forests and other 

presettlement habitats; 2) alteration of groundwater and surface water hydrology; 3) 

agricultural practices/non-point source sediment pollution; 4) contaminant issues; 5) 

introduction of non-native zebra mussels; 6) reduced migratory bird habitat; and 7) 

loss of grassland habitat and grassland wildlife.   
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To protect and conserve the fish and wildlife resource values of the project area, reduce 

and minimize project impacts, and insure realization of project benefits, the Service 

recommends the following measures: 

 

1.  Institute a water withdrawal protocol that ensures the diversions from the 

Arkansas River do not violate minimum flows established by the ASWCC. 

 

2.  Avoid or relocate significant freshwater mussel concentrations. 

 

3. Removal of stream blockages should be done conservatively and with established 

methods acceptable to the Service (Stream Obstruction Removal Guidelines, 

AFS/TWS 1983). 

 

4. Acquire in fee title and restore/reforest 4,093 acres of farmed wetlands or other 

frequently flooded farmland to compensate for direct and indirect loss of habitat 

values due to the flood control and water delivery components. 

 

5. Locate on-farm features away from wetlands, upland forests, and remnant 

tallgrass prairie sites.  Any impacts to these habitats should limited by and 

compensated for according to the terms of an inter-agency developed general 

permit and/or other agreements. 

 

6. Design on-farm reservoirs to benefit migratory birds. 
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7.  Use BMPs on agricultural land to improve water quality and reduce channel  

     maintenance requirements. 

 

8.  Install weirs and grade control structures in canals and ditches. 

 

9. Revegetate channel rights-of-way. 

 

10. Establish a binding agreement that details the operation protocols and responsible  

       parties regarding operation of the 1,000 cfs capacity pump station at the mouth of     

       Little Bayou Meto. 

 

11. Develop an operation and maintenance manual for the Bayou Meto WMA 

features in accordance with (a) the Bayou Meto Wildlife Management Area 

Wetland Management Plan (Heitmeyer et al. 2004) and (b) the recommendations 

and approvals of the interagency environmental planning team. 

 

12. The parties responsible for completing the proposed waterfowl management 

features should be clearly identified and a completion schedule developed to 

ensure that this project component is completed concurrently with the water 

delivery and flood control components. 
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13. Monitoring requirements for waterfowl management features should be 

developed by an interagency team in order to determine if projected benefits are 

realized. 

 

The Service supports the continuation of the Bayou Meto General Reevaluation 

provided that the previously discussed mitigation and compensation measures and 

recommendations are incorporated into project planning.  Inclusion of our planning 

objectives and incorporation of our specific conservation measures and 

recommendations are essential for addressing serious fish and wildlife resource 

concerns and ensuring that projected benefits from the waterfowl management 

features are realized.   
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INTRODUCTION 
 

This is the U.S. Fish and Wildlife Service’s (Service) final Fish and Wildlife Coordination Act 

(FWCA) report on the Bayou Meto Basin, Arkansas, General Reevaluation.  This report 

describes the fish and wildlife resources, concerns, and planning objectives in the study area; 

evaluates alternative plans; discusses adequate mitigation measures; and discusses potential fish 

and wildlife conservation measures.  It was prepared in coordination with the Arkansas Game 

and Fish Commission (AGFC) and is submitted in accordance with the Fish and Wildlife 

Coordination Act (16 U.S.C. 661-667e) and the Endangered Species Act (87 Stat. 884, as 

amended U.S.C. 1531 et seq.). 

 

The Bayou Meto Basin, Arkansas, General Reevaluation was conducted jointly by the Memphis 

and Vicksburg Districts of the U.S. Army Corps of Engineers (Corps) and the Natural Resources 

Conservation Service (NRCS).  A project for flood control in the Grand Prairie region and Bayou 

Meto basin in eastern Arkansas was originally authorized by Section 204 of the Flood Control 

Act of 1950 (64 Stat 174).  The original project was deauthorized in 1986 by Section 1001 of the 

Water Resources Development Act (WRDA) (33 U.S.C. 579A(B)).  The project was 

conditionally reauthorized by WRDA 1996 and the scope of the project was expanded to include 

groundwater protection and conservation, agricultural water supply, and waterfowl management.  

Congressional language contained in the Energy and Water Appropriations Act 1998 directed the 

Corps to initiate a reevaluation of the Bayou Meto Basin.  
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PRIOR REPORTS 

 

Several reports have been written by the Service on the Bayou Meto Basin General Reevaluation 

(BMBGR) and previous studies in the basin.  The findings of the most pertinent reports are 

summarized below. 

 

1959 – Coordination Act Report 

The Service provided comments regarding the enlargement, realignment, and cleanout of 188 

miles of stream channel in the basin.   

 

1981 – Letter to Arkansas Governor 

The Service sent a letter to the Governor of Arkansas which provided our views on the Corps’ 

proposal to divert water from the Arkansas River to Bayou Meto.  The letter stated that the 

diversion of water could be beneficial to fish and wildlife if minimum flows were guaranteed 

during low flow periods. 

 

1984 – FWCA Planning Aid Letter 

The Service provided the Corps current and projected bottomland hardwood acreage for the 

counties in the Eastern Arkansas Region Comprehensive Study. 
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January 1985 – FWCA Planning Aid Letter 

The Service submitted to the Corps the current acreage in national wildlife refuges and state 

wildlife management areas as well as projected federal and state land acquisition in the Eastern 

Arkansas Region Comprehensive Study area.  

 

May 1985 – FWCA Planning Aid Report 

The Service identified data gaps relative to instream flows, water quality, and winter water.  The 

letter recommended instream flow studies, a study to determine the feasibility of implementing 

best management practices to improve water quality, and a study to determine winter water 

needs for waterfowl. 

 

January 1989 – FWCA Planning Aid Report 

The Service identified fish and wildlife problems and needs for the Eastern Arkansas Region 

Reevaluation Study and discussed potential conservation measures. 

 

March 1989 – FWCA Planning Aid Report 

The Service identified fish and wildlife problems and needs for the Bayou Meto subarea and 

discussed potential conservation measures. 

 

September 1990 – Coordination Act Report 

The Service identified fish and wildlife problems and needs for the Eastern Arkansas Region 

Study and discussed potential conservation measures. 
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June 2000 – FWCA Planning Aid Report 

The Service identified fish and wildlife problems and needs for the Eastern Arkansas Region 

Comprehensive Study, Bayou Meto General Reevaluation. 

 

May 2002 – FWCA Planning Aid Report 

The Service commented on the draft report for the freshwater mussel survey conducted as part of 

the Bayou Meto General Reevaluation.  

 

June 2002 – FWCA Planning Aid Report 

The Service submitted recommendations for surveys of marsh birds and colonial nesting water 

birds in conjunction with the Bayou Meto General Reevaluation. 

 

September 2002 – FWCA Planning Aid Report 

The Service recommended that the Corps include as one of their final flood control alternatives a 

non-structural option, specifically reforestation of frequently flooded areas.   

 

October 2002 – Migratory Bird Management Plan 

The Service provided a report to the Corps detailing habitat goals for waterfowl, shorebirds, and 

neotropical migrant songbirds in the Bayou Meto General Reevaluation project area. 

 

March 2003 – FWCA Planning Aid Report 

The Service expressed concerns about the possible transfer of zebra mussels from the Arkansas 

River to the Bayou Meto basin.   
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April 2003 – Habitat Restoration Recommendations Report 

The Service presented the Corps with recommendations for bottomland hardwood restoration 

priorities.   

 

November 2003 – Waterfowl Appendix 

The Service provide the Corps with a report detailing the losses of waterfowl forage (measured 

in Duck-Use-Days) and potential mitigation strategies for the flood control portion of the Bayou 

Meto General Reevaluation. 

 

February 2004 – Waterfowl Appendix (amended) 

The Service provided the Corps with an updated waterfowl appendix based on modified project 

features.  

 

STUDY AREA DESCRIPTION 

 

Located primarily in Lonoke, Arkansas, and Jefferson Counties, the drainage area of Bayou 

Meto and its tributaries encompasses over 1,500 square miles in the central part of Arkansas.  

The BMBGR study area contains 779,109 acres between the Arkansas and White Rivers in east 

central Arkansas (Figure 1).  Within this larger area, 433,166 acres are under consideration for 

development of a supplemental surface water delivery system.  Of this, 276,814 acres are 

irrigated cropland and 22,079 are used for commercial fish ponds (Table 1, NRCS 2002).  The 

major crops grown within the irrigation study area include rice (81,675 acres), soybeans 

(154,580 acres), and cotton (38,418 acres).  About 49,513 acres of late soybeans are double 
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cropped with wheat.  Pasture, hay, and Conservation Reserve Program (CRP) lands account for 

approximately 38,170 acres.   

 

Most of the original vegetation in the study area has been removed or altered since the early 

1900’s.  Historically, extensive and diverse forested wetlands and meandering waterways 

covered much of the basin.  Since then the majority of the Bayou Meto basin has been altered or 

converted to some form of agriculture or urban development (Table 2). 

 

Approximately 122,500 acres of wetlands still remain within the Bayou Meto BMBGR study 

area.  Over 64,000 acres of these wetlands are forested while the remaining 58,462 acres are in 

cleared areas.  The majority of the forested wetlands are concentrated in the lower section of the 

project area within the 32,000 acre Bayou Meto Wildlife Management Area (WMA), the 455 

acre Smoke Hole Natural Area, and nearby private hunting clubs.  A large corridor of wetlands 

in the study area also occurs along Bayou Two Prairie.  Wooded riparian corridors along many 

of the streams and bayous within the project area have been greatly reduced or eliminated.  Some 

of these waterways are so degraded by sedimentation that the channels are ill defined or 

practically non-existent.  The drainage in the area is generally in a southerly direction towards 

the Arkansas River, although a small northeastern portion of the project area drains into the 

White River basin.  Most streams in the basin have been impacted to various degrees by 

modifications including channel cleanouts and enlargements, bend cutoffs, channel diversions, 

and surface water diversions.  Major streams in the study area include Bayou Meto, Bayou Two 

Prairie, Wabbaseka Bayou, and Indian Bayou.  There are numerous smaller streams and 

constructed ditches (Table 3).  Existing waterways and ditches within the BMBGR area are   
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FIGURE 1.  BAYOU METO GENERAL REEVALUATION TOTAL PROJECT AREA 
(COMBINED IRRIGATION AND FLOOD CONTROL) 
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TABLE 1 
CURRENT LAND USE IN WATER SUPPLY STUDY AREA (NRCS 2002) 

 
Land Use Acres Percent 

Cropland 276,814 64 
CRP 4,453 1 
Pasture and Hay 33,717 8 
Woodland 41,350 10 
Reservoirs 4,893 1 
Fish Ponds 22,079 5 
Lakes, Streams, Other Water 10,650 2 
Other * 39,210 9 
Total 433,166 100 
* This category includes roads, commercial/industrial, community services, and other uses. 
 

 
TABLE 2 

FARM DEMOGRAPHICS * 
(U.S. Department of Agriculture 1999) 

 
 Arkansas Co. Jefferson Co. Lonoke Co.  Prairie Co. 

No. Farms 518 362 869 420 
Land in Farms 

(acres) 
 

426,363 
 

288,655 
 

390,705 
 

301,851 
Avg. Size of 
Farm (acres) 

 
823 

 
797 

 
450 

 
719 

Percent of 
Land Area in 

Farms 

 
67.4 

 
51 

 
79.7 

 
73 

Total 
Cropland 

(acres) 

 
375,526 

 
258,344 

 
327,025 

 
257,472 

Irrigated Land 
(acres) 

 
308,540 

 
146,774 

 
209,562 

 
178,631 

Harvested 
Cropland 

(acres) 

 
359,150 

 
238,625 

 
280,525 

 
239,175 

Woodland 
(non-pasture) 

(acres) 

 
21,924 

 
10,406 

 
20,677 

 
20,841 

Pastureland 
(all types) 

(acres) 

 
10,229 

 
16,370 

 
34,526 

 
11,681 

* Note:  Data are for entire counties.  The study area encompasses only a portion of each 
county. 
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projected to be used as part of the project’s irrigation water delivery system.  Additional canals, 

ditches, and pipelines will be built in order to transport water from these to individual farms. 

 

The hydrology of the Bayou Meto Basin has been altered significantly since the turn of the 

century (Heitmeyer et al. 2002).  Flood control, drainage projects, artificial flooding, and wildlife 

habitat manipulation (i.e. moist soil management and greentree reservoir management) have all 

altered the area’s natural hydrology.  As a result of these modifications, the annual and seasonal 

patterns of water distribution, stream flow, water elevations, and flooding within the watershed 

are highly variable and often unpredictable (Gandy et al. 2000).  

 
TABLE 3 

Major and Minor Waterways Located in the BMBGR Study Area 
Major Streams Lesser Streams Ditches 

Arkansas River * Flat Bayou Blue Point Ditch 
Bayou Two Prairie Shumaker Branch Big Ditch 
Bayou Meto White Oak Branch Main Ditch 
Bakers Bayou Caney Creek Crooked Creek Ditch 
Wabbaseka Bayou Salt Bayou Lonoke Ditch 
Indian Bayou Snow Bayou Indian Bayou Ditch 
Little Bayou Meto Brooks Branch Caney Creek Ditch 
 Fish Trap Slough Salt Bayou Ditch 
 Ricky Branch  
 Buck Creek  
 Faras Run  
* Although the Arkansas River is outside the study area, it is included in the table as it will be 
used as the primary source of water for the irrigation project. 
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FISH AND WILDLIFE RESOURCES 

 

Fisheries and Other Aquatic Resources 

Significant fishery resources in the BMBGR include four main aquatic habitat types: 

streams/bayous, oxbow lakes, multipurpose reservoirs, and the Arkansas River (Table 4).  The 

diversity of fish species found in the Bayou Meto watershed has changed noticeably over the 

past several decades.  Surveys conducted by state and federal agencies in the past recorded a 

total of 79 species of fish within the watershed.  However, surveys taken between May 1991 and 

September 1992 found only 64 species present (Long 2000).  Sampling during the summers of 

1999 and 2000 revealed a total of 43 species within the project area (Killgore et al. 2003).  The 

sampling in 1991-1992 incorporated a variety of collection techniques while that in 1999-2000 

was limited to seines and gill nets.  This may account for the reduction in species richness over 

this nine year period.  

 

The reduction from historic fish species richness is likely due to the effects of habitat 

modifications and degradation.  The likely causes of this decline include: 1) conversion to more 

homogonous habitats, 2) increased sedimentation, and 3) reduction in water quantity/quality 

during critical late summer/fall periods.  Natural aquatic systems usually contain more diverse 

faunal assemblages than those altered for flood control.  Natural systems are characterized by a 

diversity of water depths and velocities, exhibit moderated water temperatures in the summer due 

to shading from riparian vegetation, and contain a large amount of small and large woody debris.  

The diversity of conditions available in these streams allow for the development of a diverse 
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TABLE 4 
LAKES, OXBOWS, AND IMPOUNDMENTS WITHIN THE PROJECT AREA 

 
County Lakes/Oxbows 

(natural) 
Impoundments 

(large) 
Impoundments 

(small) 
Arkansas 1* 

Hufford Brake 
9* 30* 

Jefferson 2* 
Patton Lake 

20* 20* 

Lonoke 18* 
Carlee Brake 
Nelon Brake 

Anthony Brake 
Cash Brake 

McGregor Brake 
Jordan Brake 
Piney Brake 

Coburn Brake 
Bearskin Lake 
Snow Brake 

Bullneck Brake 
North Bayou 

209* 
Peterson Lake 
Parker Lake 

Youny’s Pond 

396* 
Big Pond 

Little Pond 
Burleson’s Pond 

Reservoir Number 1 

Prairie 1* 
Horseshoe Lake 

32* 
Vaught’s Reservoir 

Lake Treadway 

130* 
Omni Pond 

* Unnamed water bodies and/or fish ponds. 
 

aquatic faunal assemblage.  Streams modified for flood control often exhibit more uniform 

depths and velocities, warmer water temperatures due to increased sun exposure, and a general 

reduction of large woody debris.  These factors combine to exclude many habitat specific 

organisms ranging from aquatic macroinvertebrates to large fishes.  In the Bayou Meto basin 75 

percent of the total numbers of fish collected in 1999-2000 belonged to tolerant, widespread taxa 

(Killgore et al. 2003).   

 

Increased siltation, which is the result of stream channel instability and sediment laden runoff 

from adjacent croplands, is also a perturbation that excludes many aquatic species.  Many species 
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of fish require relatively stable substrates for spawning.  Other aquatic species such as freshwater 

mussels and many aquatic macroinvertebrates also require relatively stable substrates for 

survival.  Increased sedimentation is also linked with increases in turbidity.  Many species of fish 

are intolerant to extended increases in turbidity.   

 

The last major factor limiting fish diversity and species richness in the BMBGR project area is 

reduced instream water quantity during critical low rainfall/high temperature periods in the late 

summer and early fall.  This is primarily the result of surface water diversions for crop irrigation.  

The problem of reduced water quantity is exacerbated during drought years, resulting in high 

water temperatures and low dissolved oxygen levels.  Another factor that may limit the 

distribution of sensitive fishes in the project area is the presence of industrial and agricultural 

chemical pollution.   

 

Despite the problems discussed above, the BMBGR project area provides habitat for a number of 

recreational and commercially important fish species.  Buffaloes (Ictiobus spp.), white crappie 

(Pomoxis annularis), bluegill (Lepomis macrochirus), and largemouth bass (Micropterus 

salmoides) are found in the oxbows, lakes, and streams.  The predominant forage species in the 

area is the gizzard shad (Dorosoma cepedianum), while the primary predator species are gars 

(Lepisosteus spp.) and bowfin (Amia calva) (Gandy et al. 2000).   

 

Multipurpose reservoirs are one existing aquatic habitat that will likely be expanded as a result of 

this project.  The vast majority of these will be of little or no fishery value due to extreme 

drawdowns during the peak irrigation season.  Even those reservoirs with water level 
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management aimed at maintaining fisheries will contribute little towards maintaining a natural, 

diverse fish assemblage.  These reservoirs will likely be stocked with and managed for common 

sport fishes such as bluegill, largemouth bass, and channel catfish (Ictalurus punctatus). 

 

The Arkansas River, the proposed source of supplemental water for this project, is well known 

for its sport fishery.  The largemouth bass is the most sought after species, but others include 

bluegill, crappie, channel catfish, blue catfish (Ictalurus furcatus), flathead catfish (Pylodictis 

olivaris), and striped bass (Morone saxatilis).  Several commercially important species, in 

addition to the catfish listed above, include buffaloes, paddlefish (Polyodon spathula), river 

carpsucker (Carpiodes carpio), and gars.  Many of the once common riverine fishes such as 

shovelnose sturgeon (Scaphirhynchus platorynchus), blue sucker (Cycleptus elongatus), and 

chubs (Macrhybopsis spp.) are now rare or absent in this impounded section of the Arkansas 

River.                                    

 

A 2001 survey of freshwater mussels in the project area revealed a total of 18 species 

concentrated primarily in Indian Bayou and Salt Bayou Ditch (Miller and Payne 2002).  In the 

remaining streams, including Bayou Meto, mussel populations were extremely limited or 

nonexistent due primarily to the presence of deep, unstable substrates and stressful water 

quality/quantity conditions.  The threeridge (Amblema plicata) and mapleleaf (Quadrula 

quadrula), two very common species, comprised over 80 percent of the individuals sampled.  

One species of state concern, the black sandshell (Ligumia recta), was found in Indian Bayou 

Ditch.  Overall, the mussel resources within the project area are highly degraded.  This is 
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reinforced by the fact that 86 percent of the mussels found during the 2001 survey were at 2 sites 

in Indian Bayou (over 45 sites were sampled throughout the basin). 

 

Vegetation 

Historically the Bayou Meto basin was characterized by expansive bottomland hardwood forests; 

semi-permanently flooded cypress/tupelo swamps; seasonal herbaceous wetlands; riparian 

forests; riverfront forests; natural levee forests; and higher elevation sites composed of 

herbaceous wetland, savannah, slash, or tallgrass prairie (Heitmeyer et al. 2002).  Bottomland 

hardwood forests dominated the basin and were composed of six types distinguished by 

elevation and flooding frequency, depth, and duration.  Cypress/tupelo communities were present 

in the lowest elevations in areas characterized by extended flooding and almost constant soil 

saturation.  Low bottomland hardwoods, supporting trees such as green ash (Fraxinus 

pennsylvanica), cedar elm (Ulmus crassifolia), water hickory (Carya aquatica), overcup oak 

(Quercus lyrata), were located in areas that flooded 1-3 months of the year and experience 

extended soil saturation.  Intermediate bottomland hardwoods were found in places that flooded 

for a few weeks to two months a year and experienced soil saturation for up to three months.  

They were characterized by trees such as sugarberry (Celtis laevigata), American elm (Ulmus 

americana), Nuttall oak (Quercus nuttallii), willow oak (Quercus phellos), and sweetgum 

(Liquidambar styraciflua).  High bottomland hardwoods were located at higher elevations that 

were flooded up to a few weeks in some years with soils that were usually saturated for a short 

period each year.  Characteristic trees included water oak (Quercus nigra), willow oak, 

cherrybark oak (Quercus falcata), shagbark hickory (Carya ovata), and sweetgum.  Riparian 

forests are located along the margins of small streams in the immediate floodplain.  They are 
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within the five year floodplain; experience deep, high velocity flooding; and usually contain a 

mixture of the tree species found in cypress/tupelo and low bottomland hardwood communities.  

Natural levee plant communities occur on the high ground immediately adjacent to existing or 

former drainages.  These small, infrequently flooded strips of land are often up to five feet higher 

in elevation than the surrounding floodplain and support trees such as cottonwood (Populus 

deltoides), box elder (Acer negundo), cow oak (Quercus michauxii), cherrybark oak, and delta 

post oak (Quercus stellata spp.). 

 

About 85 percent of the native vegetative communities in the BMBGR project area were 

converted to agriculture, urban, and residential or industrial uses during the last 150 years 

(Heitmeyer et al. 2002).  The communities with the highest percentage of loss are prairie 

grassland, seasonal herbaceous wetland, savanna, and high bottomland hardwoods.  Even the 

vegetation types found at the lowest, most frequently flooded elevations (i.e. cypress/tupelo and 

riparian habitats) have been reduced by at least 50 percent.  The remaining forested habitat 

consists mainly of intermediate and low bottomland hardwoods with scattered tracts of 

cypress/tupelo communities.  The largest acreage of forested habitat remaining is concentrated in 

and around the Bayou Meto WMA and in several private hunting clubs adjacent to Bayou Meto 

north of the management area.  Historically prairie, herbaceous wetland, slash, and savannah 

habitats were present along the border of the Grand Prairie region in the northeastern part of the 

project area.  Today these habitats are quite scarce and exist primarily as small periodically 

farmed depressions in unleveled cropland and pastures (Heitmeyer et al. 2000). 
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Many of the historic vegetation communities that were not directly converted to agriculture or 

other uses have been altered due to extensive hydrologic modifications in the project area.  

Examples of modifications that have occurred since the early 1900’s include: forest clearing; 

land leveling; construction of roads, ditches, railroad beds; construction of reservoirs, fish ponds, 

and greentree reservoirs (GTR); diversion of surface water from streams for irrigation; on-farm 

tailwater recovery; placement of weirs in streams; and widespread stream channel alterations 

(channel deepening/widening, bend cutoffs, and channel diversions) (Heitmeyer et al. 2002).  

These alterations, depending on the location within the project area, have resulted in lower 

frequency and shorter duration floods or more frequent and extended flooding and interruption of 

sheetwater flow.  Because the hydrologic regime is one of the primary factors that determines 

plant community distribution in the Mississippi alluvial valley (MAV), these alterations have 

resulted in significant changes from the pre-settlement landscape.  Alterations that resulted in 

less frequent flooding also provided easier access for conversion of forested areas to agriculture.  

Some of the forests in the lower part of the basin now experience flooding of an artificially 

extended nature due to upstream and downstream flood control efforts, changes in land use, 

excess instream sediment, and water level manipulation for waterfowl management.  Due to this 

extended flood regime, many areas that were historically composed of intermediate bottomland 

hardwoods are slowly converting to low bottomland hardwood or cypress/tupelo communities.    

               

Wildlife Resources 

Prior to European and African settlement, the Mississippi River floodplain was characterized by 

large expanses of bottomland hardwood forests interspersed with meandering rivers, bayous, and 

swamps.  One exception to this was the Grand Prairie region, which is located at higher 
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elevations on the Prairie and Deweyville terraces.  Historically this area, encompassing 

approximately 900,000 acres, contained tallgrass prairie, slash, savannah, and herbaceous 

wetland habitats (Heitmeyer et al. 2000).  These habitats represented a marked difference from 

the surrounding bottomland hardwood habitats and supported flora and fauna unique to the 

region.  While most of the Bayou Meto project area was characterized by low to intermediate 

bottomland hardwoods, some of the eastern and northeastern portions of the area consisted of 

tallgrass prairie and associated habitat types (slash, savannah, herbaceous wetland).      

 

Accurate estimates of wildlife abundance and diversity in and near the project area prior to 

modern settlement are not available (AGFC 1998).  Prior to modern settlement it is a safe 

assumption that healthy populations of most endemic species were present in the prairies, upland 

forests, and bottomland hardwood forests.  Anecdotal accounts suggest that Wild Turkey 

(Meleagris gallopavo), Northern Bobwhite (Colinus virginianus), Greater Prairie-Chicken 

(Tympanuchus cupido), waterfowl, Carolina Parakeet (Conuropsis carolinensis), Passenger 

Pigeon (Ectopistes migratorius), and large predators such as black bear (Ursus americanus), 

mountain lion (Felis concolor), and red wolf (Canis rufus) were plentiful (Heitmeyer et al. 

2002).  Today, most of these species have become extinct, been extirpated, or have very limited 

populations in the project area.  Turkey, quail, and black bear occur in remnants of suitable 

habitat that are found largely on public land.  Highly adaptable and generalist species such as 

white-tailed deer (Odocoileus virginianus), fox and gray squirrel (Sciurus niger and S. 

carolinensis), mink (Mustela vison), beaver (Castor canadensis), raccoon (Procyon lotor), 

coyote (Canis latrans), opossum (Didelphus virginiana), cottontail and swamp rabbit (Sylvilagus 

floridanus and S. aquaticus), red and gray fox (Vulpes vulpes and Urocyon cinereoargenteus), 
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and some reptiles and amphibians are still locally common in the remaining forests, riparian 

strips, and the margins of agricultural areas.  Some species, such as white-tailed deer and 

raccoon, are extremely tolerant of habitat disturbances and readily exploit the food resources 

available in agricultural fields.   

 

Waterfowl populations in the Bayou Meto basin are lower than those present in pre-settlement 

times.  Due to their migratory nature this trend is the result of nesting habitat conversion in the 

northern United States and Canada and loss of wintering habitat in the southern United States.  

Despite this, waterfowl still inhabit significant portions of the project area in large numbers.  

This is due in large part to the fact that many species of waterfowl quickly adapted to exploit the 

food resources found in flooded and dry agricultural fields.  Historically, waterfowl fed on the 

acorns, plant seeds, and invertebrates found in flooded forests, flooded areas containing moist 

soil plants, and herbaceous wetlands.  Because of landscape level conversions of forests to 

cropland, waterfowl are now more dependant upon waste grain such as rice, corn, soybeans, and 

grain sorghum to fulfill a portion of their energetic requirements.  Examples of waterfowl species 

that readily use agricultural fields include Mallard (Anas platyrhynchos), Northern Pintail (Anas 

acuta), Blue and Green-winged Teal (Anas discors and Anas crecca), Gadwall (Anas strepra), 

American Wigeon (Anas americana), Northern Shoveler (Anas clypeata), Black Duck (Anas 

rubripes), Snow Goose (Chen caerulescens), and Canada Goose (Branta canadensis).  Diving 

ducks, including Ring-necked Duck (Aythya collaris), Lesser Scaup (Aythya affinis), Redhead 

(Aythya americana), and Canvasback (Aythya valisineria), use agricultural habitats to a lesser 

extent.   
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Despite their use of converted habitats, many species, specifically Mallards, also require wooded 

and moist soil habitats to fulfill other life cycle requirements.  Although waste grains provide 

energy for wintering and migrating waterfowl, they do not provide a nutritionally complete diet.  

Many proteins and essential amino acids that waterfowl require for feather and egg production 

can only be found in native plant seeds and invertebrates.  These food sources are much more 

common in naturally functioning bottomland hardwood, moist soil, and herbaceous wetland 

habitats.  Forested wetlands also provide cover from predators and isolation for pair bonding.  

Wood Ducks (Aix sponsa) and Hooded Mergansers (Lophodytes cucullatus) require forested 

habitats for nesting.  A more detailed review of the waterfowl status in the study area and 

wintering waterfowl biology, behavior, and habitat requirements is found in Appendix A 

(Phillips 2005).  

 

Service harvest surveys show that Arkansas consistently harvests more Mallards than any other 

state in the nation (USFWS 2002).  The state usually ranks second or third in total harvest of all 

duck species.  Arkansas, Lonoke, Prairie, and Jefferson Counties, portions of which occupy the 

project area, consistently rank among the top counties for waterfowl harvests in Arkansas.  These 

statistics highlight the recreational opportunities provided by duck hunting in this region.  

Waterfowl hunting attracts hunters from around the nation and makes a significant contribution 

to the economy of the area. 

 

A diverse assemblage of shorebirds breeds, migrates, and winters throughout the Bayou Meto 

project area.  They often congregate at dewatered irrigation reservoirs and fish ponds in the late 

summer and fall to take advantage of invertebrate food sources.  Among the more common 
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species of shorebirds are the Killdeer (Charadrius vociferous), Long and Short-billed Dowitchers 

(Limnodromus scolopaceus and L. griseus), Wilson’s Snipe (Gallinago delicata), Least 

Sandpipers (Calidris minutilla), and Lesser and Greater Yellowlegs (Tringa melanoleuca and T. 

flavipes).  A more detailed discussion on the biology and habitat requirements of shorebirds is 

found in Appendix B (USFWS 1998).   

 

The Service has determined that the bottomland hardwood forests in the study area are Resource 

Category 2 habitats.  Resource Category 2 habitats are of high value for evaluation species and 

are relatively scarce on a national basis or in the ecoregion.  Large contiguous tracts of 

bottomland forests are among the most important, and rarest, habitats in the Mississippi alluvial 

valley.  Many groups of animals inhabit these bottomland forests habitats.  Relatively common 

animals such as Mallards, white-tailed deer, and grey squirrel thrive in these habitats.  Some 

groups of animals such as interior forest nesting birds and large mammals such as black bear 

require large, unbroken tracts of forested habitat to survive and/or reproduce successfully.  The 

Bayou Meto General Reevaluation study area contains one of the largest state owned parcels of 

bottomland hardwoods in the nation in addition to several large private forest holdings.  The 

mitigation goal for Resource Category 2 habitats is no net loss of in-kind habitat value.  The 

Service anticipates that with or without this project, the acreage of bottomland hardwoods should 

increase in the project area in the future due to programs like WRP, CRP, and CREP.   

 

Endangered and Threatened Species 

The Endangered Species Act (ESA) (87 Stat. 884, as amended 16 U.S.C. 1531 et seq.) requires 

consultation with the Service regarding any federal action that may effect any endangered or 
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threatened species.  The threatened Bald Eagle (Haliaeetus leucocephalus) and the endangered 

Interior Least Tern (Sterna antillarum athalassos) are migratory birds found along the Arkansas 

River and its tributaries in the study area. 

 

Several plant and animal species that are rare or endemic to Arkansas also occur in the project 

area.  Examples of state species of concern include Swainson’s Warbler (Limnothlypis 

swainsonii) and the Yellow-crowned Night-Heron (Nyctanassa violacea).  Plant species of 

concern include prairie evening primrose (Oenothera pilosella), Arkansas sneezeweed 

(Helenium campestre), and corkwood (Leitneria floridana) (Arkansas Natural Heritage 

Commission 2004).   

 

 

FISH AND WILDLIFE RESOURCE CONCERNS AND PLANNING OBJECTIVES 

 

Conversion of Bottomland Hardwood Forests and Other Presettlement Habitats 

Over 85 percent of the historic vegetation types in the project area have been converted to 

agricultural, urban, or residential uses (Heitmeyer et al. 2002).  The vast majority of these 

converted communities were formally bottomland hardwoods.  Bottomland hardwood habitats 

ranging from cypress/tupelo to natural levee communities characterized over 750,000 acres of 

the presettlement vegetation (Klimas et al. 2002).  The low, intermediate, and high bottomland 

hardwood communities each comprised over 200,000 acres of this total.  The higher 

communities such as natural levees and intermediate/high bottomland hardwoods were the first 

and most extensively converted due to the relative infrequency of flooding that occurred at those 
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sites.  Even the lower, frequently flooded cypress/tupelo and riparian communities have been 

reduced by at least 50 percent over the last 150 years.  Almost 420,000 acres of native habitats 

have been converted to mechanized agriculture, with an additional 200,000 acres converted to 

urban and commercial areas or roads (Heitmeyer et al. 2002).  About 30,000 acres were 

converted to ponds or reservoirs.  Currently, the largest remaining tract of bottomland forest is 

within and directly adjacent to the approximately 32,000 acre Bayou Meto WMA.  The 

management area contains nearly equal amounts of low and intermediate bottomland hardwoods 

with cypress/tupelo inclusions. 

 

Although bottomland hardwood forest habitats have experienced high levels of conversion to 

other uses, higher elevation communities such as slash, savannah, tallgrass prairie, and seasonal 

herbaceous wetlands were the first and most extensively converted habitats in the project area 

(Heitmeyer et al. 2002).  Only narrow strips of slash habitat remain in drainages that cut into the 

Prairie and Deweyville Terrace deposits.  Some remnant savannah habitat with altered 

understory composition can still be found near small towns, rural churches and cemeteries, and 

pastures.  Tallgrass prairie is now relegated to very small patches in or near the former sites of 

the Grand and Long Prairies.  Seasonal herbaceous wetlands are now restricted to small farmed 

depressions in pasture or unleveled croplands.   

 

Alteration of Groundwater and Surface Water Hydrology 

The project area is located over the Mississippi River Valley alluvial aquifer (hereafter referred 

to as the alluvial aquifer) that extends from Missouri and Kentucky south to Mississippi and 

Louisiana.  In Arkansas this aquifer is found from the fall line at the border of the Mississippi 
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Alluvial Plain and the Ozark Plateau/West Gulf Coastal Plain east to the Mississippi River.  

During the Pleistocene and Holocene deposits from the Mississippi and Arkansas Rivers formed 

a sequence of sands, silts, and clays that now constitute the alluvial aquifer and semi-confining 

units (Reed 2003).  In eastern Arkansas these sediment deposits can be roughly divided into two 

units.  The upper clay, silt, and fine sand units act to confine the alluvial aquifer in places and are 

usually collectively referred to as the “clay cap”.  The lower unit, which actually contains the 

aquifer, is comprised of  course sand and gravel that gradually turns to finer sand in the upper 

levels.  The deeper gravel levels provide the greatest water conductivity to wells.   

 

Throughout the 20th century to present groundwater has provided the majority of the irrigation 

water used for agriculture in eastern Arkansas.  In 2000 over 97 percent of the groundwater 

pumped in eastern Arkansas was from the alluvial aquifer (Czarnecki et al. 2003).  In the 

presettlement period the alluvial aquifer in eastern Arkansas had a saturated thickness of over 

150 feet in some areas.  Currently, some portions of the aquifer exhibit cones of depression in 

areas of heavy use and have been reduced to a saturated thickness of less than 50 feet (Reed 

2003).  Prior to the development of the aquifer, most rivers in eastern Arkansas, including the 

Mississippi, White, and Arkansas, received a portion of their flow from groundwater.  During 

dry summer months a substantial part of the base stream flow was composed of infiltration from 

the alluvial aquifer (Czarnecki et al. 2002).  As the use of groundwater continued and aquifer 

levels declined, this water transfer reversed in the White and Arkansas Rivers.  Major streams 

such as these now serve as the largest point of recharge into the alluvial aquifer. 
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Surface water hydrology, including both floodplain and instream dynamics, has been extensively 

altered throughout the Lower Mississippi Alluvial Valley.  Factors that have contributed to this 

alteration in the Bayou Meto basin floodplain include clearing of forests; land leveling; 

construction of roads, ditches, and railroad beds; construction of storage reservoirs and fish 

ponds; construction of ditches and levees associated with greentree reservoirs; construction of 

on-farm tailwater recovery systems; and construction of levees along the margins of the 

Arkansas River (Heitmeyer et al. 2002).  These modifications have altered the patterns and 

timing of drainage and sheetflow within the floodplain of the project area.  Sheetflow across the 

floodplain is virtually non-existent now due to the interception of flows by ditches, levees, and 

reservoirs.  The normal flood pulse of the streams has also been altered due to the storing or 

diverting effects of these modifications.     

 

Significant modification of the streams in the project area also took place beginning early in the 

20th century and continued until present.  Instream alterations include pumping of surface water 

for irrigation, placement of weirs (low dams) to pool water for irrigation, channelization 

(straightening) or enlargement of some stream channels to convey floodwaters more quickly, 

silting in of some stream channels due to excessive non-point source sediment contributions and 

channel instability, construction of canals or ditches that bypass a portion of stream flow, 

severing of historic “cross bayou” connections between stream basins, and construction of gated 

structures at the mouths of Bayou Meto and Little Bayou Meto.  Channel modifications, high 

sediment loads, and the removal of surface water for irrigation in the summer have resulted in 

high turbidity, unstable substrates, low dissolved oxygen, and high water temperatures in many 

of the streams in the project area.  Much of the upper 2/3 of the basin has been heavily 
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channelized for flood control.  This has the effect of sending large volumes of water from the 

upper basin downstream much faster than it can drain, creating a pooling effect in the lower 1/3 

of the basin (Heitmeyer et al. 2002).  This problem is exacerbated by the closure of the structures 

at the mouths of Bayou Meto and Little Bayou Meto during high flow events on the Arkansas 

River to prevent water from backing up into the Bayou Meto basin.  If the gate closure coincides 

with high flows in the Bayou Meto basin, the pooling effect at the downstream end is magnified.  

The basin-wide results of these modifications are faster drainage and less frequent, shorter 

duration floods in the upper portion and more frequent, longer duration floods in the lower 

portion.   

 

Partially as a result of increased flooding frequency and duration in the lower 1/3 of the Bayou 

Meto basin, many of the bottomland hardwoods in the Bayou Meto WMA are showing signs of 

stress, mortality, lack of regeneration, or conversion to more water tolerant vegetation 

communities.  A study of water management options for Bayou Meto WMA by Heitmeyer et al. 

(2004) recommended that water should be removed at an earlier date on many of the managed 

greentree reservoirs on the management area in order to prevent further degradation and allow 

recovery of the natural vegetation composition.  They stated that during certain years the 

operation of a pump downstream of the management area would aid in removing this late 

winter/spring water in a timely manner.  They also noted that such a pump would only be 

beneficial to the management area and surrounding lands if it did not compromise the intentional 

flooding schedules of the WMA or regional water conditions adjacent to the WMA that are 

desirable in late fall and winter.   
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Some of the GTR units within the management area have also been damaged due to flooding too 

early in the fall or because of lack intra and inter year variance in water levels (Heitmeyer et al. 

2004).  Degraded GTR units on the area generally suffered from a combination of improper 

management (first flooding date and lack of variance) and the inability to remove water in the 

spring due to the previously mentioned reasons.  The successful rehabilitation of the vegetative 

communities on Bayou Meto WMA will require a solution to both problems.  Pumps at the 

mouth of Little Bayou Meto would aid with the water removal difficulties in the spring and 

summer, but they would have to be operated under a protocol that restricts their use during other 

seasonal periods in order to realize basin-wide benefits to fish and wildlife and vegetation 

communities.  Widespread wetland impacts would result from the use of the pumps prior to the 

late winter/spring period and may negate the potential benefits to Bayou Meto WMA.  Alteration 

of the existing water management scheme at Bayou Meto WMA is also essential for the 

remediation of bottomland hardwood degradation.  The adoption of a new water management 

plan based on the recommendations of Heitmeyer et al. (2004) would address the unnatural fall 

and winter hydrology that is currently in place.                          

 

Agricultural Practices/Non-Point Source Sediment Pollution  

A large percentage of the land in the study area has been converted to some form of cultivated 

agriculture, pastureland, or aquaculture.  In many instances land has been cleared and is farmed 

directly adjacent to streams or their tributaries (including small ditches).  Some common farming 

practices such as fall tillage, clean tillage, and growth of single crops with no fall cover crop, can 

result in sheet erosion, sediment deposition, elevated turbidity levels, and agricultural chemical 

runoff.  Because many crops lack sufficient buffer widths to capture the soil particles associated 
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with rainfall runoff, local streams receive large sediment loads following heavy rain events.  

When combined with the sediment contributed by unstable channelized streams and ditches from 

upstream, many streams in the lower portion of the basin exhibit reduced channel dimensions.  

Streams such as Little Bayou Meto now have ill-defined channels that support woody vegetation 

across the entire width.  This reduction from natural water carrying capacity has contributed to 

the unnaturally frequent and prolonged flooding regime now present in the downstream portion 

of the project area.                       

 

Contaminant Issues       

Bayou Meto is the primary waterway that flows through the study area.  The bayou is a low 

gradient, highly turbid, warm water stream originating near Jacksonville, Arkansas.  In the 

1970’s, the bayou was contaminated with dioxin from Vertac Chemical, Inc. after metal drums 

buried on site began to leak.  Dioxin is a generic term for a group of extremely toxic 

polychlorinated compounds, with TCDD (2, 3, 7, 8-tetrachlorodibenzo-p-dioxin) being the most 

toxic synthetic compound ever tested.   

 

Rocky Branch, a tributary of Bayou Meto, traverses the Vertac site and received effluent 

containing dioxin from the contaminated site.  Dioxin contaminated effluent then entered Bayou 

Meto from both the Jacksonville Sewage Treatment Plant and Rocky Branch.  Elevated levels of 

dioxin resulted in the Vertac site being designated as a Superfund Site, the Arkansas Game and 

Fish Commission closing the entire length of Bayou Meto to commercial fishing, and the 

Arkansas Department of Health and Human Services closing it to all fishing between Rocky 

Branch and the highway I-40 bridge in 1980.  Vertac Chemical ceased its operation in 1986, but 
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sampling in the early 1990’s revealed elevated TCDD levels in the soils, wood duck eggs, and 

fishes in and around Bayou Meto downstream of Jacksonville.   

 

More than 12 years after the dioxin was discovered, the fishes and sediment from Bayou Meto 

still showed elevated levels of TCDD, though the levels have declined since the initial tests were 

conducted.  Current data indicate that the concentrations of TCDD lessen the farther they get 

from the point source (Johnson et al. 1996).  There is reason to believe that the level of TCDD 

will continue to decline over time if conditions remain stable.  However, the possibility of 

releasing dangerous amounts of TCDD by disturbance of sediments during any channel work 

should be taken into account and studied.  Also, the method of disposal of contaminated 

sediment should be addressed in the final planning document.   

 

Introduction of Non-Native Zebra Mussels (Dreissena polymorpha)  

The zebra mussel has spread through many freshwater systems in the United States since being 

introduced into Lake St. Clair, Michigan in 1986.  The species spread quickly and had been 

documented as far south as New Orleans, Louisiana by 1994.  They were documented in the 

Arkansas River in the early 1990’s and were well established by 1996 (Stoeckel et al. 1997).  

Zebra mussels are prolific breeders and will establish dense populations once they enter a new 

water system if conditions are favorable.  Unlike native mussels which burrow into substrate, this 

exotic mussel spends its adult life attached to hard substratum such as rocks or concrete.  They 

are also capable of limited attachment to wood and other plant materials.  Zebra mussels will 

also readily attach to the hard valves of native mussels and heavy infestations have caused 

declines in the native mussel communities in some areas in the Great Lakes.  They are very 



 29

efficient filter feeders and may compete with larval fishes for food and diminish the energy 

available for fish production.  Some areas in the great lakes have shown reductions in diatoms 

and rotifers (microscopic plants and animals) of 80 to 90 percent following establishment of 

zebra mussels (Holland 1993).     

 

Unlike native mussels, which depend on a fish host to incubate their larvae (glochidia) and 

facilitate distribution of juveniles, zebra mussels have free floating larvae (veliger) that are 

generally distributed with the prevailing currents.  The larvae can also be transported in live 

wells, bilge water, bait containers, and other activities that transfer water from infested waters to 

new areas.  Adults can also be transported on the hulls of boats or barges.   

 

Because the proposed water source is the Arkansas River, the irrigation component of this 

project will likely transport larvae from that stream into the canals, streams, and pipelines used to 

distribute water throughout the project area.  It is likely that some of these larvae will survive to 

the juvenile and adult stages for a short period as was observed in the receiving waters of the 

Plum Bayou Irrigation Project, which also used the Arkansas River as a source for irrigation 

water (pers. obs., Phillips 2002).  However, there is no evidence that adult mussels survived in 

Plum Bayou through the summer.  A search of Plum Bayou during the summer of 2002 revealed 

the empty shells of few recently deceased adults on rip-rap adjacent to the main pump outflow.  

There was no evidence of zebra mussel colonization farther downstream in this stream, even on 

ideal attachment structures such as rip-rap and concrete pillars.  However, unlike the Bayou 

Meto project, this project pumps water into an already impounded section of Plum Bayou.  The 
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water pumped from the Arkansas River enters a habitat more similar to an oxbow lake than a 

flowing stream.  This may contribute to the lack of dispersion through this system.   

 

The two factors that may limit the establishment of zebra mussels in some streams in the 

southern United States are high water temperatures and low dissolved oxygen levels.  Laboratory 

testing has shown that mortality in North American zebra mussels begins when they are exposed 

to temperatures of 31 degrees Celsius for 52 to 292 hours, depending on their acclimation 

temperature (McMahon et al. 1995, Armistead 1995).  Water temperature records show that both 

the Arkansas River at Murray Lock and Dam and Bayou Meto regularly reach or exceed this 

temperature near the surface, sometimes for extended periods, during the months of May through 

September (Arkansas Department of Environmental Quality 2004, U.S. Geological Survey 

2004).  The maximum near surface water temperatures recorded in the Arkansas River and 

Bayou Meto were 34 and 35 degrees Celsius, respectively.  The warmest water temperatures 

were recorded in July and August for both water bodies.  In 1997 the population of zebra mussels 

in Lake Dardanelle (an impoundment of the Arkansas River) exhibited 100 percent mortality in 

areas less than two meters deep and over 90 percent mortality in deeper portions (pers. comm., 

Stoeckel 2003).  Since that time the population has recovered and declined several times 

depending on the intensity of summer water temperatures.  Extended periods (one to several 

weeks) of daytime near surface water temperatures exceeding 31 degrees Celsius have resulted 

in total mortality of individuals in shallow waters.   

                                                                                                  

Dissolved oxygen concentration has also been listed as a limiting factor for zebra mussel 

establishment and survival (Hayward and Estevez 1997).  The potential for zebra mussel 
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colonization in habitats with chronic dissolved oxygen concentrations below four mg/L is 

considered very low (Tippit and Miller 1993).  Dissolved oxygen concentrations in the Arkansas 

River near David D. Terry Lock and Dam very rarely fall to 4-5 mg/L.  However, records show 

that concentrations in Bayou Meto regularly measure in the range of 4-5 mg/L and sometimes 

fall to <1-3 mg/L during the months of May through October (ADEQ 2004, USGS 2004).   

 

Another factor that may limit zebra mussel colonization in the Bayou Meto watershed is a 

scarcity of suitable attachment sites.  Zebra mussels generally prefer hard substrates such as 

rocks or concrete for attachment.  They are also capable of attachment in much less dense 

concentrations to other substrates such as large woody debris, herbaceous aquatic plants, and 

even small gravel.  There is little hard attachment substrate currently available in the Bayou 

Meto watershed.  Most of the natural substrate consists of fine silts and detritus.  Hard substrate 

would be available in the form of bridge pillars and rock weirs.  The shells of native freshwater 

mussels will also provide potential attachment sites.  However, freshwater mussels are currently 

practically absent from much of the Bayou Meto mainstem and occur only in small, sporadic 

concentrations in the remainder of the streams in the basin (Miller and Payne 2002).  Common 

species that are tolerant of extremes in dissolved oxygen/temperature and heavy siltation 

dominate the species assemblage.                       

                                                   

The combinations of chronic water temperatures exceeding 31 degrees Celsius, dissolved oxygen 

concentrations falling below four mg/L, and relative lack of hard attachment substrates will 

likely preclude the successful colonization of the Bayou Meto basin by zebra mussels.  It is 

likely that (as in Plum Bayou) some larvae will survive to the juvenile or adult stages near the 



 32

pump outlets in the early spring period.  However, these individuals will likely succumb to the 

above stressors before a significant population can become established.  It is unlikely that zebra 

mussels will ever reach densities high enough to impact the remaining freshwater mussel 

resources or fishery resources of streams in the Bayou Meto basin.   

 

Availability of Migratory Bird Habitat     

Migratory birds can be divided into four groups: shorebirds, waterfowl, land birds, and other 

water birds.  The Mississippi Alluvial Valley Migratory Bird Initiative quantified the habitat 

needs of shorebirds, waterfowl, and song birds in the Mississippi Alluvial Valley (Hunter et al. 

1996, Mueller 1996, Twedt et al. 1999, Loesch et al. 2000, Mueller et al. 2000, Mueller et al. In 

press).  Elliott and McKnight (2000) provide additional information on shorebirds, and the North 

American Waterbird Conservation Plan southeast working group is preparing a plan that will 

address the needs of wading and marsh birds.  The Arkansas Game and Fish Commission’s 

Bayou Meto Wildlife Management Area is the most important wildlife habitat in the basin and 

has been managed primarily to provide habitat for waterfowl.  Over 60,000 ducks and 15,000 

geese have been observed at the Hallowell Reservoir rest area alone during peak winter periods 

(Gandy et al. 2000).  The forested wetlands, moist soil units, and seasonally flooded farm units 

of this area and surrounding private lands in the lower portion of the project area also provide 

substantial habitat for other migratory birds including song birds, shorebirds, and wading birds.   

 

A large portion of the waterfowl management associated with this project will be in the form of 

bottomland hardwood forest restoration.  The waterfowl habitat goals of the Lower Mississippi 

Valley Joint Venture (LMVJV) state that there is a deficit of 5,637 acres of publicly managed 
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bottomland hardwoods.  Specifically within Bayou Meto WMA 2,662 acres of bottomland 

hardwoods are needed to meet the habitat goals (pers. comm., Wilson 2002).  The LMVJV also 

has as a goal the establishment of 112,225 acres of naturally flooding unmanaged forest habitat 

in the Arkansas portion of the Mississippi Alluvial Valley.  Moist soil development will be an 

additional component of the waterfowl management portion of the project.  According to the 

waterfowl habitat goals of the LMVJV, the delta portion of the state needs an additional 8,982 

acres of publicly managed moist soil habitat.  An additional 240 acres of moist soil habitat are 

required to meet the goals on Bayou Meto WMA.  The proposed restoration and management of 

herbaceous wetlands in the Grand Prairie portion of the project area will also contribute towards 

these acreage goals.     

 

The habitat goal for shorebirds in the Mississippi Alluvial Valley is 5,000 acres of mudflat 

(Twedt et al. 1999) available for feeding during the southward (fall) migration period (July-

September).  This has been further stepped down to a need for 1,300 acres in Arkansas.  

Currently 367 acres of fall mud flat habitat is provided on national wildlife refuges in Arkansas 

(Bald Knob, Oakwood, Overflow, and Wapanocca), none of which are in the Bayou Meto basin.  

The remainder (933 acres) of the fall Arkansas shorebird habitat goal is unmet at this time.   

 

Fall shorebird habitat in the Bayou Meto basin is present in very limited amounts.  Drying of 

streams and lakes creates low quality mud flats (for shorebirds) that quickly dry up or support 

dense growths of herbaceous vegetation.  The normal management regime of fish hatcheries and 

aquaculture facilities creates high quality shorebird habitat when ponds are drained for cleaning 

or refurbishing.  The ponds are high in nutrients and, consequently, have a high population of 
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benthic invertebrates, the prime food source for shorebirds.  Ponds are drained throughout the 

year so their occurrence during the southward shorebird migration period is accidental and not 

assured.  Also, during the typically hot fall migration period (July-September) the drained ponds 

rapidly dry up, destroying their mud flat characteristics.  The preferred alternative for the 

irrigation water conveyance portion of this project will involve over 8,000 acres of new 

reservoirs for on-farm water storage.  The drawdown period for these reservoirs should coincide 

with the fall migration period for shorebirds and they could potentially provide additional 

shorebird foraging habitat.  We have the following recommendation regarding the construction 

of reservoirs with fish and wildlife considerations:   

• Provide multilayered woody and herbaceous vegetation down to the water’s edge on one 

or more sides. 

• Create variable bottom topography-deep holes and shallow edges. 

•  Create islands inside the reservoir. 

• Provide gradual bottom slopes. 

• Construct variable side slopes, some gradual (<20H:1V) and some steep (>4H:1V). 

• Construct sinuous or irregular shorelines with peninsulas and islands. 

 

Neotropical migratory birds breed in Canada and the United States and winter in Mexico, the 

Caribbean, Central America, and South America.  Bottomland hardwood forests in the 

Mississippi Alluvial Valley (MAV) are used extensively by these migrants during the nesting 

and migration seasons.  Reduction in the acreage of forested habitat and associated changes in 

the quality and distribution of vegetation have caused a reduction in neotropical migratory bird 

populations (Pashley and Barrow 1992).  Forest acreage reduction is not the only measure of 
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loss.  Because of changes in flooding and disturbance and varying histories of management, 

current tree species composition and age distribution are probably very different from pre-

settlement conditions.  Much of the remaining forest is extremely fragmented, which increases 

nest predation and parasitism.  An analysis of Breeding Bird Survey data for the period from 

1966 to 1990 found the MAV was one of five physiographic areas in which notable declines 

occurred (Pashley and Barrow 1992).  Seventy-seven percent of birds breeding in bottomland 

hardwoods of the MAV declined.  Declining species include interior forest species such as the 

Prothonotary Warbler (Protonotaria citrea) and also second growth or edge species such as the 

Orchard Oriole (Icterus spurious) and Yellow-breasted Chat (Icteria virens).   

 

The Mississippi Alluvial Valley Migratory Bird Initiative identified over 100 Forest Bird 

Conservation Areas (FBCA) throughout the Mississippi Alluvial Valley (Twedt et al. 1999) to 

meet the needs of forest breeding birds.  Two FBCAs are in the Bayou Meto basin, the Big Ditch 

and Bayou Meto FBCAs.  To the extent practical, each FBCA should be an unbroken stand of 

forest.  This was established to reduce or eliminate the effects of forest fragmentation on forest 

bird breeding success.  To be assured of long term, secure populations, many forest breeding 

birds require “core”, or interior forest, which is some distance from the forest edge.  The Bayou 

Meto FBCA currently exceeds both its forest (20,000 acres) and core forest (12,800 acres) 

acreage goals.  The Big Ditch FBCA currently narrowly exceeds its forest acreage goal of 10,000 

acres but is almost 3,000 acres short of its core forest goal of 5,200 acres.  Reforestation of key 

tracts within or adjacent to the Big Ditch FBCA would reduce fragmentation and enable the core 

forest goal to be met with a relatively small amount of reforestation.  The reforestation of a 

connector between the Big Ditch and Bayou Meto FBCAs would combine these existing large 
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forest patches and essentially result in one larger forested patch.  This would not only benefit 

interior forest breeding birds and waterfowl, but would also provide travel corridors for large 

mammals such as black bears.   

 

The North American Waterbird Conservation Plan is in the early stages of setting wading 

(herons, egrets, and bitterns) and marsh bird (rails, wrens, and moorhens) population and habitat 

goals for the nation and the southeast.  At this time they have not produced any goals that can be 

applied to the Bayou Meto basin.  Wading and marsh bird occurrence in the project area is 

poorly known.  At least three wading bird colony sites have been identified.  Several other 

locations appear to be suitable to support breeding colonies, especially in the Bayou Meto WMA, 

yet no additional colonies are known.      

 

Loss of Grassland Habitat and Grassland Birds 

The extreme northern and eastern portions of the project area historically contained tallgrass 

prairie interspersed with herbaceous wetlands with slash and savannah communities along 

drainages.  The Grand Prairie extends into the eastern border of the project area.  Both the Grand 

Prairie and Long Prairie historically occupied northern portions of the project area.  Today only 

tiny fragments of this original tallgrass prairie ecosystem remain in the project area or eastern 

Arkansas as a whole.   

 

Historically, grasslands evolved and were maintained by frequent disturbances such as drought, 

grazing by native herbivores, and fire.  The decline of the tallgrass prairie in eastern Arkansas 

(estimated loss of nearly 100 percent) exceeds that reported for any other ecosystem in North 
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America (Heitmeyer et al. 2000, Vickery et al. 1995).  Throughout much of the area that once 

supported tallgrass prairies, agricultural crops have replaced grasslands.  Grassland habitats are 

occupied by a small number of uniquely adapted bird species, selecting habitat features from a 

wide range of grass heights and densities.  In North America, grassland birds have experienced 

steeper, more consistent, and more widespread population declines over the last quarter century 

than any other avian guild.  Some grassland bird species are neotropical migrants, however, most 

are short distance migrants that winter primarily in the southern U.S. and northern Mexico.  

Thus, there are opportunities for conservation on both breeding and wintering grounds.  Winter 

survivorship is a critically important factor in the long term decline of grassland birds. 

 

Habitat fragmentation and degradation of grasslands have been severe.  Habitat loss has been 

caused by human development and forest succession, and includes subtle degradations such as 

unnatural grazing regimes, planting of exotic grasses, and succession to shrublands.  Fire 

suppression and the resultant woody encroachment are major tallgrass management problems 

that influence grassland bird distribution patterns and nesting success.  Early and mid-season 

cutting of agricultural grasslands have catastrophic impacts on the nesting success of grassland 

birds. 

 

The U.S. Fish and Wildlife Service, Arkansas Game and Fish Commission, Arkansas Natural 

Heritage Commission, and the city of Stuttgart, Arkansas, are currently in the early stages of a 

grassland restoration project on the property of the Stuttgart Municipal Airport.  The long term 

goal of this restoration is to restore enough tallgrass prairie to support a viable population of 

Greater Prairie-Chickens (Krystofik 2003).  This species was once so prolific that hunters 
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traveled from as far as the east coast of the United States to hunt them.  By 1938 the last 

documented individual was shot in Prairie County, the species essentially extirpated due to the 

conversion of tallgrass prairie habitat to agriculture and other uses (Foti et al. 2003).  According 

to the Partners In Flight prairie grassland bird conservation area model, prairie-chickens require a 

minimum 10,000 acre management area centered around a 2,000 acre core of prairie surrounded 

by a matrix of agriculture and 2,000 additional acres of prairie (Fitzgerald et al. 2000).  At least 

half of the prairie patches within the surrounding matrix it should be 100 acres or larger.  This 

would be enough to support two small populations of Greater Prairie-Chickens based on their 

home range size and habitat requirements.  The restoration of larger blocks of 

prairie/savannah/slash/herbaceous wetlands (>10,000 acres) would provide the diversity and 

acreage of habitat needed to support a much greater portion of the historic prairie bird 

community, including Greater Prairie-Chickens, Short-eared Owls (Asio flammeus), Grasshopper 

Sparrows (Ammodramus savannarum), Smith’s Longspurs (Calcarius pictus), and Dickcissels 

(Spiza americana) (Sample and Mossman 1997).  Restoration and management of the 

herbaceous wetlands/associated uplands components of this historic ecosystem would also 

benefit wetland oriented nesting and migratory species such as the King Rail (Rallus elegans) 

and other waterfowl    

 

There is potential for significant wetland/prairie buffer restoration and management associated 

with the waterfowl management portion of this project.  Long Prairie and Grand Prairie were 

historically located in the northern portion and Grand Prairie in the extreme eastern portion of 

the project area.  These areas are now primarily farm land but hold great potential for restoration 

of herbaceous wetlands with buffers of tallgrass prairie and associated savannah and slash 
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habitats.  The portion of Grand Prairie along the eastern border of the project area is especially 

promising as it is close to the restoration planned for the Stuttgart Airport property.  Restoration 

associated with the Bayou Meto project, while intended to provide habitat for King Rails and 

other waterfowl, could also become an integral component of the repatriation of Greater Prairie-

Chickens to eastern Arkansas.      

 

Planning Objectives        

The Service advocates that the following planning objectives be incorporated into any future 

planning studies in order to protect fish and wildlife resources in the area.  

 

1. Protect and improve water quality and aquatic resources in the project area. 

 

2. Encourage implementation of erosion control measures. 

 

3. Protect and increase forested bottomland hardwood wetlands in the project area. 

 

4. Protect and increase other wintering waterfowl habitat in the project area. 

 

5. Protect and increase tallgrass prairie habitat which contains rare plant communities and 

supports rare and sensitive species of wildlife. 

 

6. Protect and expand vegetated corridors along natural streams and constructed ditches and 

canals. 
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7. Maintain and enhance shorebird migration habitat by incorporating recommended 

designs into on-farm water storage reservoirs. 

 

8. Reduce habitat fragmentation by constructing new canals to avoid existing forest and 

grassland habitats. 

 

 

PROJECT ALTERNATIVES 

This project can be divided into three basic components: irrigation water supply, flood control, 

and waterfowl management.  The irrigation water supply component is being studied and 

designed by the Memphis District of the Corps and the Natural Resources Conservation Service 

(NRCS).  The Vicksburg District of the Corps is studying and designing the flood control portion 

of the project.  The Memphis District is the lead on the project and has combined an irrigation 

water delivery alternative with a flood control alternative to form the preferred project 

alternative.  The Corps’ selected plan consists of a combination of water delivery alterative 

WS4B and flood control alternative FC3A, as described in the following sections.  All water 

supply and flood control alternatives, including the preferred alternative, are considered in the 

National Economic Development plan (NED).  The third component of this project, waterfowl 

management and restoration, will be studied and designed by the Memphis District. 
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Water Supply 

Five water delivery alternatives, including the no action alternative, were considered for this 

project.  They incorporate a combination of on-farm water conservation measures and 

supplemental water via a delivery system from the Arkansas River.  Several alternatives have 

sub-alternatives that detail various on-farm surface water storage capacities.  Descriptions of 

each alternative follow: 

 

1.  Alternative WS1: No Action - This alternative represents the conditions that will occur in the 

project area in the absence of the proposed project.  The desired land use and demand for 

irrigation water will remain at current levels.   Only 45 percent of the project area can be 

sustainably irrigated in an average year without the project. 

 

2.  Alternative WS2: Conservation with storage - This alternative would increase the amount of 

on-farm water storage and conservation measures in an effort to maximize the use of existing 

water sources.  This would involve increasing the irrigation water use efficiency from 60 percent 

to 70 percent.  An additional 4,941 acres of reservoirs would also be constructed.  This is the 

maximum acreage that could be constructed without a supplemental delivery system.  With this 

alternative in place approximately 60 percent of the area could remain irrigated if groundwater 

withdrawal was regulated at the safe yield level.   

 

3.  Alternative WS3: Conservation and storage plus a 1,650 cfs water import system - While this 

alternative would similarly increase water use efficiency to 70 percent and feature the 

construction of on-farm storage reservoirs, it would also incorporate a system for the distribution 



 42

of supplemental water.  Water from the Arkansas River would be pumped throughout the project 

area via a system of new canals and pipelines in addition to existing streams.  The addition of 

this water would allow the construction of additional acres of on-farm storage.  The following 

sub-alternatives feature the above components plus three options for new reservoir construction. 

 

    Alternative WS3A: 5,954 acres of additional storage reservoirs. 

    Alternative WS3B: 8,832 acres of additional storage reservoirs. 

    Alternative WS3C: 14,544 acres of additional storage reservoirs. 

 

4.  Alternative WS4: Conservation and storage plus a 1,750 cfs water import system - This 

alternative is identical to alternative WS3 except for a 100 cfs increase in water import capacity.  

The acreage of storage reservoirs (sub-alternatives 4A-4C) remains the same. 

 

5.  Alternative WS5: Conservation and storage plus a 1,850 cfs water import system - This 

alternative is identical to alternative WS3 except for a 200 cfs increase in water import capacity.  

The acreage of storage reservoirs (sub-alternatives WS5A-WS5C) remains the same.    

 

Flood Control 

Four structural flood control alternatives in addition to no action and nonstructural alternatives 

were carried forward for detailed investigation.  For each structural alternative, the project area 

was divided into 11 reaches with specific actions such as channel cleanouts, excavations, or 

channel enlargements designated for each reach.  The details of each alternative follow: 
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1.  Alternative FC1 - This no action alternative assumes that no work will occur and conditions 

will remain similar to those that currently characterize the project area.         

 

2.  Alternative FC6 - This nonstructural plan would involve reforestation of 15,140 acres of 

cropland in the pre-project two year floodplain.       

 

3.  Alternative FC2 - This alternative would involve an array of selective clearing, channel 

cleanout, weir placement, and excavation work on eight stream reaches.  It would provide a 

reduction in flooding for the most frequently flooded reaches in the project area.  

 

4.  Alternative FC2A - This alternative is identical to alternative 2 except for some additional 

channel enlargement in Indian Bayou Ditch, Crooked Creek Ditch, and Crooked Creek to 

accommodate some of the water supply features. 

 

5.  Alternative FC3A - This alternative incorporates all of the features of alternative 2A while 

adding additional excavation and channel enlargement in Little Bayou Meto, Boggy Slough, and 

Boggy Slough diversion.  More notably, this alternative also includes the installation of a 1,000 

cfs pump near the mouth of Little Bayou Meto.   

 

6.  Alternative FC3B - This alternative is identical to alternative 3A except that a 3,000 cfs pump 

would be used in place of the 1,000 cfs pump.  The increase in pump capacity would also require 

modification of the existing Cannon Brake water control structures to pass the extra water 

volume.     
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Waterfowl Management and Restoration 

In addition to the NED features discussed above, the Corps must also develop a waterfowl 

management plan in order to maximize waterfowl benefits compared to costs.  The Waterfowl 

Management and Restoration Plan is analyzed both as a separate component from the other 

project features and in combination with those features.  The ideal final project would maximize 

both economic and waterfowl management gains within the project area.  The following 

management and/or restoration actions have been proposed for inclusion in the final plan.  Those 

features that provide significant waterfowl benefits and are within the financial capability of the 

local sponsors will be included in the final plan and combined with the NED plan to form the 

final project plan.  At this time the local sponsor has indicated a willingness to provide cost 

sharing funds for a significant portion of the proposed actions, and other cost share partners are 

being solicited.   

 

1.  Prairie Restoration - One of the specific restoration goals stated in the Corps’ Waterfowl 

Management and Restoration Plan is to restore enough acreage of herbaceous wetlands and 

associated upland buffers (tallgrass prairie, slash, and savannah) to support a population of 500 

breeding pairs of King Rails.  Based on the breeding habitat requirements of this species, a  

minimum of 2,000 acres of herbaceous wetlands in the form of potholes (generally 1-10 acres in 

size) or abandoned river scars (<100-450 ft. wide and up to tens of miles long) would be 

restored.  To ensure the maintenance of this habitat type and aid in its long term management, 

upland buffers around these wetlands are also required.  These buffers will function to filter 

incoming sediment, nutrients, and other chemicals; provide a forage base of invertebrates and 

small vertebrates for King Rails; and disperse nest predators to prevent isolated wetlands from 
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becoming population sinks.  The size of these buffers will vary, but they will generally be around 

275 ft. wide and result in a wetland/upland ratio of 4:1 when applied to a four acre pothole 

wetland.  This effort to restore and manage King Rails will also benefit many other species of 

plants and animals that are currently rare in Arkansas due to the lack of tallgrass prairie 

ecosystem habitats.  The Corps proposes to restore up to 8,000 acres of tallgrass prairie buffers 

around the wetland restoration sites, which would result in a total of 10,000 acres of tallgrass 

prairie ecosystem habitat.  This restoration and management would greatly compliment the 

efforts of the Service, AGFC, and ANHC to restore prairie habitats at the site of the Stuttgart 

Municipal Airport along the borders of the Bayou Meto project area.  The ancillary benefits of 

King Rail habitat restoration and management to other rare grassland and wetland species and to 

the effort to restore extirpated species such as the Greater Prairie-Chicken will be enormous.         

  

2.  Forest Restoration - The goal for this feature is to reforest up to 23,000 acres of privately 

owned property located primarily in the post-project two and five year floodplains.  This would 

contribute significantly towards the LMVJV goals of 112,826 acres of naturally flooded forest 

habitat for the Arkansas portion of the Mississippi Alluvial Valley.  The majority of this area 

would be most suitable for restoration to cypress/tupelo or low bottomland hardwood forest 

communities, although restoration of areas within the five year floodplain would also benefit 

waterfowl due to the high red oak component at this flood frequency.  This restoration would 

benefit aquatic species that use the floodplain for spawning and nursery habitat; resident 

mammals, birds, amphibians, and reptiles; and migratory waterfowl and interior forest nesting 

migratory birds.  Restoration would consist primarily of planting bottomland hardwood trees on 

areas that are currently under cultivation.  Appropriate native tree species will be planted 
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according to site specific soil and hydrology characteristics.  Some areas that have been precision 

leveled in the past may require work to restore the microtopography in order to mimic the natural 

hydrology.  Land for these restoration activities would be acquired through conservation 

easements with willing landowners or fee title acquisition.  Landowners entering into easement 

agreements would retain ownership of the property along with the right to manage access and 

timber (in accordance with approved plans).  Once the areas are restored, the participants will 

also have the opportunity to lease the property to outside parties for recreational purposes (e.g. 

duck or deer hunting).   

 

While these efforts will focus on areas within the two and five year flood frequency elevations, 

there are two areas within these zones that should receive priority for reforestation.  The first 

area is located within a band approximately 2.5 miles wide by 10 miles long that connects the 

Bayou Meto WMA with the Big Ditch FBCA to the northeast.  Cleared tracts adjacent to or 

within the existing forest block in the Big Ditch FBCA would also be high priority.  This feature 

will lead to significant restoration of higher elevation vegetation communities such as 

intermediate and high bottomland forests, riparian forests, natural levee forests, and post oak 

flats.  These areas typically contain higher concentrations of red oak species that yield acorns 

suitable for waterfowl consumption and are therefore important to wintering waterfowl during 

years when flood stages reach the five year frequency elevation.  Both the Big Ditch area and the 

land in and around Bayou Meto WMA have been designated as Forest Bird Conservation Areas 

(FBCA) by the Mississippi Alluvial Valley Migratory Bird Initiative.  If the resulting connector 

has sufficient width, this feature may actually serve to fill the gap between these existing forest 
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blocks and result in one larger block.  This is especially important for interior forest nesting birds 

that need large blocks to maintain self sustaining populations. 

 

The second priority area for reforestation is in the area known as the Wabbaseka Scatters.  This 

area is located adjacent to the southwest portion of Bayou Meto WMA.  Restoration in this area 

will consist of reforestation of the historical vegetation communities characteristic of 

intermediate and high bottomlands, riparian forests, and natural levee forests.  Hydrologic 

restoration will also be necessary to restore the high interconnectedness of the areas streams and 

bayous, a feature that led to the term “scatters”.  Focusing on this area will have many of the 

same benefits as the first priority area and will result in the restoration of a unique habitat that 

currently bears little resemblance to its name.             

 

3.  Riparian Buffer Restoration - This proposed feature includes restoring riparian forests 

along all project affected streams in the project area.  The buffers will be a minimum of 100 feet 

wide in order to assure that they function to reduce non-point source pollution from sediment and 

other pollutants.  These widths will provide limited terrestrial wildlife benefits as well.  Over 

2,643 acres would be planted with vegetation characteristic of low, intermediate, and high 

bottomland forests; riparian forests; and natural levee forests, as appropriate.  

 

4.  Moist Soil Habitat - At least 240 acres of managed moist soil acreage would be established 

within the project area.  The property would ideally be located near the Bayou Meto WMA to 

allow for easier management by existing personnel.  This feature would fulfill the goals of the 

North American Waterfowl Management Plan as stated for this area.   
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5.  Bayou Meto WMA - This feature will involve several dozen actions mostly within Bayou 

Meto WMA including ditch cleanouts, levee removals, and installation/renovation of water 

control structures.  None of the proposed features will function as planned without a method for 

removal of excess water in the lower portion of the basin, therefore the two 500 cfs pumps at the 

mouth of Little Bayou Meto will be funded as both a waterfowl management and flood control 

feature.  All of the proposed features were derived from the “Bayou Meto Wildlife Management 

Area Wetland Management Plan” (Heitmeyer et al. 2004) or consultations with AGFC 

management staff.  The ultimate goal of these features is to facilitate easier water management 

on the WMA and allow removal of excess water in the spring.  This will allow the management 

staff to more closely mimic the natural hydrology and reverse the trend of timber stress/death 

and conversion to more water tolerant plant communities.       

 

 

PROJECT IMPACTS 

The preferred alternative consists of a combination of water delivery alterative WS4B and flood 

control alternative FC3A, in addition to the waterfowl management and restoration features.  The 

flood control portion will include selective snagging within streams, stream channel cleanouts, 

and the operation of two 500 cfs pumps at the mouth of Little Bayou Meto.  The irrigation 

portion of the project would divert water from the Arkansas River and distribute it throughout 

the project area via a system of existing ditches, new canals, and pipelines.  The proposed plan 

also includes the construction of rock weirs in canals and existing ditches to pool irrigation 

water.  The irrigation component will also incorporate the construction of on-farm features such 
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as tailwater recovery pits and storage reservoirs.  The waterfowl management features consist 

largely of reforestation and restoration of herbaceous wetlands with upland buffers.  Many of the 

waterfowl management features on the Bayou Meto WMA will involve ditch cleanouts as well 

as levee removals and construction/renovation of water control structures.  Each proposed 

feature has potential negative or positive impacts to the fisheries and mussel resources in the 

project area and affected streams outside the project area.  

 

Fishery and Freshwater Mussel Impacts 

Flood Control 

Several streams are slated to have instream woody debris and snags selectively removed in order 

to increase the water conveyance capacity of the channels.  The removal of significant amounts 

of this material from stream channels will have an overall negative effect on the aquatic 

ecosystem.  In low gradient floodplain systems a significant portion of the biological activity (i.e. 

macroinvertebrate production) is associated with habitat provided by instream woody debris 

(Benke 2001).  The density and diversity of macroinvertebrates associated with floodplain 

habitats and instream benthic substrates is low in comparison to the communities associated with 

instream woody debris.  Total biomass production is higher in floodplain habitats than that 

associated with instream snags due to the overwhelming surface area available.  Although 

predatory fishes take advantage of this food source on the floodplain during high water periods, 

the high variation in the magnitude and duration of floods between and within years results in 

unpredictable production from the floodplain through time.  This unpredictability is also the 

reason for the relatively low diversity and density of macroinvertebrates produced on the 

floodplain (Benke et al. 2000).  The invertebrate communities associated with instream snag 
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habitat provide a dependable source of food for organisms higher on the food chain, especially 

during periods when the stream is contained within the channel.  Many species of fishes depend 

on macroinvertebrates from snags and inchannel substrates for all or part of their food 

requirements (Benke et al. 1985; Robison and Buchanan 1988).                   

      

In addition to snagging, sediment cleanouts and/or channel enlargements are proposed for 

several streams within the project area.  Many streams, such as Little Bayou Meto, contain so 

much accumulated silt that they are mostly dry except during high water events.  This has not 

only exacerbated lower basin flooding but also excluded these streams from use by most aquatic 

organisms.  Many sensitive species of fishes are intolerant of heavy sedimentation.  Killgore et 

al. (2003) considered excessive sedimentation to be one of the primary contributors to the 

relatively depauperate and tolerant fish community currently present in the Bayou Meto basin.  

Most of the streams that maintain year round flows also suffer from elevated sedimentation rates.  

The preferred alternative also calls for the installation of drop control structures throughout the 

project area to reduce the amount of sediment input from farm fields.  The proposed channel 

enlargements are restricted to existing ditches and channelized streams, many of which are 

ephemeral, and should therefore have limited impacts on significant instream aquatic resources.  

Many of the proposed sediment cleanouts will take place in larger perennially flowing streams 

with naturally sinuous channels.  These streams contain a greater diversity and density of fishes, 

mussels, and other aquatic organisms, therefore the short term risks associated with sediment 

removal are greater.  However, if steps are taken to avoid or relocate significant resources such 

as mussel beds, the removal of accumulated sediments should improve the future aquatic habitat 
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conditions.  The use of drop control structures to reduce future sediment runoff into streams 

should reduce the need for future sediment removal activities.   

 

The final flood control feature is the operation of two 500 cfs pumps at the mouth of Little 

Bayou Meto in order to evacuate water from the lower Bayou Meto basin over the levee along 

the Arkansas River.  This feature will work in concert with the snagging and ditch 

cleanout/enlargements described above to reduce the frequency and duration of flooding in the 

current two year floodplain.  Currently within the project area over 15,689 acres of functional 

fish spawning and/or nursery habitat is flooded at least once every two years (Killgore et al. 

2005).  The preferred flood control alternative will result in a reduction of 1,217 acres in the 

average daily acres flooded in the two year flood plain compared to existing conditions.  This 

alternative will also result in the direct loss of 1,058 acres of spawning/nursery habitat due to 

loss of riparian habitat along streams scheduled for cleanout and loss of habitat due to 

construction of new canals.  See Kilgore et al. (2005) for details on acreage/habitat unit losses 

for various flood control alternatives.   

 

The impacts to fishes, mussels, and other aquatic organisms resulting from the flood control 

portion of this project vary by project feature.  The selective snagging, channel cleanouts, and 

pumps will result in a net loss of spawning and nursery habitat available to fishes that use the 

floodplain for these purposes.  The selective snagging will have a negative impact on all fishes 

except those that inhabit permanent wetlands (oxbows) outside of the main stream channels.  

Instream snags provide habitat for the greatest density and diversity of macroinvertebrates that 

provide a significant portion of the forage base for fishes and other aquatic organisms.  Channel 
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cleanouts will have an initial, though temporary, negative impact on fishes in the impacted 

reaches due to increased turbidity.  Most fishes are mobile enough to retreat and avoid these 

temporary impacts.  On the other hand, unless relocated prior to construction, freshwater mussel 

beds could be eliminated by this activity.  However, due to the negative impacts of excessive 

sedimentation in this project area, the long term effects of sediment removal will be positive for 

fishes, mussels, and other aquatic organisms.  The installation of drop control structures 

throughout the basin will aid with the maintenance of this condition with lessened need for future 

cleanouts.         

 

Water Delivery  

The preferred alternative involves the construction of several large pump stations and regulation 

reservoirs, 105 miles of new canals, 56 weirs, and 472 miles of buried pipelines with 183 

associated smaller pumps.  The water distribution system will also incorporate 116 miles of 

existing ditches.  The source of supplemental irrigation water will be the Arkansas River at a 

point near David D. Terry Lock and Dam No. 6.  The planned total diversion capacity is 1,750 

cfs.  This portion of the project will also incorporate the construction of on-farm tailwater 

recovery systems and over 8,000 acres of storage reservoirs.  The potential negative impacts to 

aquatic organisms from this project component include reductions in Arkansas River flows; 

entrainment of larval fishes from the Arkansas River; import of zebra mussels into the Bayou 

Meto watershed; and direct impacts to instream and floodplain habitats due to construction of 

infrastructure such as canals, weirs, and pump stations.  The import of supplemental water into 

the Bayou Meto basin will have a positive impact towards populations of fishes, mussels, and 
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other aquatic organisms in some existing streams/ditches that currently become dry or hypoxic 

during the peak irrigation season.    

 

The Arkansas River will be the source of supplemental irrigation water for this project.  Already 

on this river two diversions for irrigation and wetland management (Plum Bayou in Jefferson 

County and Point Remove in Conway County) are complete or nearing completion and another 

project to divert irrigation water throughout a project area of over one million acres in southeast 

Arkansas (Boeuf-Tensas project) is in the planning stages.  The Arkansas Soil and Water 

Conservation Commission (ASWCC) established minimum flows of 3,000 cfs required to 

maintain navigation during the period from July through October.  The November through 

March and April through June periods require flows of 4,361 cfs and 6,778 cfs, respectively, for 

maintenance of fish and wildlife resources.  The 1,750 cfs diversion for the Bayou Meto project 

was planned with these levels in mind.  The provisions to cease pumping once the limits 

established by the ASWCC are reached should be clear and the parties responsible for 

monitoring identified.  Projects that are proposed or in the planning stages were not taken into 

account, therefore the analysis of impacts to Arkansas River flows resulting from future 

diversions will be very important.   

 

The potential for entrainment of larval fishes from the Arkansas River in the diversion pumps 

was studied by Killgore et al. (2003).  They indicated the risk of entrainment for larval fishes 

will be low (less than three percent) based on ichthyoplankton surveys conducted near the 

proposed diversion site in 1999 and 2000.  Before entering the main pumps, water will be moved 

from the river via a gravity fed structure through a canal to a regulating reservoir.  Most of the 
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larval fishes that would be susceptible to entrainment from the gravity feed structure and canal 

leading to the primary diversion pumps belong to widespread and tolerant taxa such as suckers 

(Catostomidae), drum (Sciaenidae), and shad (Clupeidae).    

 

A potential point of concern with water diversions from the Arkansas River is the transfer of 

zebra mussels into the Bayou Meto basin.  The risk associated with this was discussed in detail 

earlier in the “Fish and Wildlife Resource Concerns and Planning Objectives” section of this 

report.  In summary, the risk for a successful transfer of zebra mussels and establishment of a 

population in the Bayou Meto basin is very low.  The reasons for this include lethally high water 

temperatures, low dissolved oxygen concentrations, and relative lack suitable attachment 

substrates in the ditches and canals that will receive the water.     

    

The water import component of this project will also have direct impacts to fish spawning and 

nursery habitats on the floodplain due to construction of on-farm reservoirs, regulating 

reservoirs, and canals.  The construction of regulation reservoirs is projected to result in the 

conversion of 108 forested acres and 92 cleared acres.  The location of over 8,000 acres of on-

farm reservoirs will be determined on a case-by-case basis.  They will be located primarily on 

existing cleared areas, although some forested areas will be impacted as well.  Many of these will 

fall within the floodplain and portions of some may fall within farmed or forested wetlands.  

Approximately 250 acres of cleared and forested habitat will be converted via the construction of 

105 miles of new canals for water distribution.  Some of this will result in the conversion of 

seasonally flooded habitats to permanently flooded lotic habitats.     
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The water supply component will also have some positive benefits to the instream aquatic 

ecosystem in the Bayou Meto basin.  Currently many streams and ditches are used as sources of 

surface water for crop irrigation.  During the peak of the irrigation season many of these streams 

become stagnant and hypoxic or dry.  The addition of supplemental irrigation water and 

construction of weirs and the resultant permanent water will result in a positive impact towards 

aquatic organisms that inhabit these waterbodies.  The construction of on-farm storage reservoirs 

will provide limited habitat for some fishes, although the majority of these will be managed to 

provide maximum irrigation water and will be drawn down fully on an annual basis.  Even those 

reservoirs that are managed to maintain a fishery will be stocked with common species such as 

largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus), and channel catfish 

(Ictalurus punctatus).  These impoundments will contribute little towards maintaining a diverse 

assemblage of native fishes, although they will provide additional recreational opportunities.    

 

Waterfowl Management and Restoration     

This project component will consist largely of restoring and managing bottomland hardwood 

forests in the two and five year floodplains and restoring herbaceous wetlands in the Grand 

Prairie region.  Some of the features on Bayou Meto WMA will involve channel cleanouts.  All 

of the proposed features should provide a net benefit to aquatic resources.  Reforestation will 

reduce sedimentation from farmed areas and increase the density and complexity of vegetation 

on the floodplain, therefore increasing its value to fishes as spawning and nursery habitat.  The 

restoration of herbaceous wetlands and associated upland buffers in the Grand Prairie region will 

reduce the movement of sediment from farmed areas into local ditches and streams.  The ditch 

and stream cleanouts proposed for Bayou Meto WMA will have effects similar to those actions 
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proposed for the flood control component of the project.  Known concentrations of relatively 

immobile organisms such as freshwater mussels should be avoided or relocated prior to channel 

clearing.  Because waterways in the Bayou Meto basin and the WMA are currently dominated by 

species that are tolerant to heavy sedimentation, the long term consequence of sediment removal 

from ditches and selected streams in the WMA should be an increase in the diversity of fishes, 

freshwater mussels, and other aquatic organisms.                                   

 

Wildlife Impacts 

Flood Control 

The primary impact to terrestrial organisms resulting from the flood control component will be a 

reduction in the amount of natural and agricultural forage available to waterfowl on the 

floodplain.  Most of this loss will result from a reduction in access to food items due to lowered 

flood frequencies and durations.  The amount and availability of forage to waterfowl is expressed 

as a Duck-Use-Day (DUD), which refers to the capacity of available forage to meet the energy 

needs of one duck for one day.  The proposed flood control plan would result in a loss of 

482,948 DUD verses current conditions due to reduced hydrology (see Appendix A for details). 

 

Flood control features that result in the loss of forested acres within existing large tracts of forest 

will negatively impact regional efforts to increase the number and acreage of large forest blocks.  

These large areas of continuous forest are especially important to interior forest nesting species 

of migratory neotropical birds.  Fragmentation of large forest patches leads to higher rates of nest 

parasitism and predation in many of these species.   
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Water Delivery 

This project component will also impact food availability to waterfowl foraging on the 

floodplain due to direct conversion of forested and agricultural wetlands to project features such 

as regulation reservoirs, pump stations, new canals, on-farm reservoirs, and on-farm tailwater 

recovery systems.  A total of 389 acres of cleared habitat and 898 acres of forested habitat will 

be converted for these purposes.  As for flood control impacts, conversions for water delivery 

that occur within existing large forest blocks will negatively impact regional efforts to preserve 

and enlarge these habitats to benefit interior forest breeding birds.  

 

Waterfowl Management and Restoration  

This project component will focus on restoring and managing habitat for waterfowl with 

emphasis on Mallards and King Rails.  The benefits to these species are clear and were discussed 

earlier in the “Project Alternatives” section.  These features will also have tremendous ancillary 

benefits to many species, including some that are currently rare, declining, or extirpated from the 

project area.  Specific species or guilds that will receive ancillary benefits from the proposed 

waterfowl management features include Northern Pintail, Greater Prairie-Chicken, interior forest 

breeding birds, and numerous species that inhabit bottomland hardwood, herbaceous wetland, 

and tallgrass prairie habitats.   

 

AQUATIC AND TERRESTRIAL MITIGATION 

The preferred alternative will result in several negative impacts to fish and wildlife resources.  

These impacts should be mitigated by implementing the measures discussed below.  These 

measures comply with the Fish and Wildlife Service’s Mitigation Policy.  The policy applies to 
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all activities of the Service related to the impacts of land and water developments and the 

subsequent recommendations to mitigate those impacts (Service 1981).  This includes five means 

of mitigation: 1) avoiding, 2) minimizing, 3) rectifying, 4) reducing, or (5) compensating for 

unavoidable adverse impacts. 

 

Aquatic Mitigation 

Abide by minimum flows established for the Arkansas River 

The operating protocol for diversion of water from the Arkansas River should contain measures 

to ensure that pumping will cease when flows in the Arkansas River reach the minimum seasonal 

flows established by the ASWCC.  These flows are as follows:  November through March, 4,361 

cfs; April through June, 6,778 cfs; and July through October, 3,000 cfs (ASWCC 1988).  A 

written agreement between the Corps and ASWCC to this effect would help ensure that this 

safety measure is enforced for the life of the project. 

 

Avoid or relocate significant freshwater mussel concentrations 

Mussel surveys in the project area basin revealed limited populations of freshwater mussels 

which are dominated by common and tolerant species (Miller and Payne 2002).  However, at 

least one significant mussel bed containing the black sandshell (Ligumia recta), a species of 

concern, was documented in Indian Bayou Ditch.  This and other beds with significant densities 

or rare species should be relocated prior to channel cleanouts.   
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Take a conservative approach to in-channel debris removal  

As noted earlier in this report, instream woody debris plays an important role as habitat for a 

large diversity and density of aquatic macroinvertebrates that convert the energy from plant 

matter into a form (themselves) usable by predatory organisms higher up the food chain.  

Substantial removal of woody debris from streams in the basin could lead to lowered aquatic 

productivity and diversity.  Instream woody debris also plays an important role in natural 

channel formation processes.  It is important to remove only those debris blockages that have 

resulted in significant sediment accumulations and loss of channel flow capacity.  Removal of 

obstructions should be patterned after the recommendations in the “Stream Obstruction Removal 

Guidelines” (TWS and AFS 1983) published by The Wildlife Society and the American 

Fisheries Society.   

 

Replace the habitat value of lost floodplain habitat due to construction impacts and lowered 

frequency and duration of flooding  

Frequently flooded agricultural and especially forested habitats have great value to many fishes 

that move onto the floodplain to spawn as adults or for nursery habitat as juveniles.  The 

proposed flood control and water delivery features will reduce this value either directly through 

conversion to pump stations or canals or indirectly through a lowering of the flooding frequency 

and duration.  Killgore et al. (2005) estimated a floodplain habitat loss of 1,217 acres and 875 

habitat units (HU) for the preferred alternative due to altered hydrology and 1,058 acres (765 

HU) due to direct construction impacts.  They recommended, and the Service concurs, that 1,138 

acres and 995 acres, respectively, of frequently flooded agricultural land should be reforested to 

compensate for these indirect and direct losses. 
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Terrestrial Mitigation 

Acquire and restore farmed wetlands  

Based on the Fish and Wildlife Service’s Habitat Evaluation Procedures (HEP) (a methodology 

for evaluating and quantifying impacts on fish and wildlife resources) and the HGM wetlands 

impact analysis, the loss of forested and farmed wetlands due to impacts associated with the 

selected water delivery and flood control components of this project would result in a loss of 

habitat value for all evaluation species and a loss of wetland functions in parts of the project area 

(Corps, unpublished data 2005; Klimas and Blake 2005).  Compensation for these values will 

require the acquisition and restoration (reforestation) of 4,093 acres of designated farmed 

wetlands or other farmed land in the two and five year floodplains.  The Service will work with 

the Corps and AGFC to select appropriate mitigation sites.  To assist the Corps in selecting 

potential mitigation sites, the Service has developed a hierarchy of criteria to be used to 

determine land type restoration potential and values.  These criteria are divided into three 

categories: restorable land type, rehabilitation methods, and specific land location (Table 5).  The 

Service recommends that all of the primary mitigation sites should be adjacent to Bayou Meto 

WMA, adjacent to the Big Ditch FBCA, or within the farmed area located in a band one and a 

half miles wide between these two existing forest patches.  The location of mitigation tracts in 

these areas, in conjunction with the proposed waterfowl management features, will contribute to 

the LMVJV’s goal of enlarging and connecting large forest patches.  This effort is driven by 

benefits to interior nesting forest birds, but it will result in multiple species specific and 

ecosystem wide benefits.          
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Table 5.  Mitigation site selection criteria 
Existing Land Use Type Criteria 

1. Degraded wetlands in riverine floodplains; actively farmed lands, pasture lands 
2. Cut over forested wetlands 
3. Mature bottomland forest 
 

Land Rehabilitation Methods Criteria 
 

1. Wetland restoration including replacement of hydrology and woody vegetation 
2. Wetland reforestation where hydrology is in place 
3. Preservation of a unique habitat, or a habitat important to a federally listed threatened or 

endangered species 
 

Specific Land Location Criteria 
 

1. Sites within or directly adjacent to Forest Bird Conservation Areas (Bayou Meto WMA 
and Big Ditch areas) 

2. Sites within an approximately one and a half mile wide corridor between the Bayou Meto 
WMA/FBCA and Big Ditch FBCA 

# 1 is the most desirable condition 
 

 

 

Locate on-farm features away from wetlands and remnant tallgrass prairie sites.  
 
Although a large percentage of the bottomland hardwoods have been converted in the Bayou 

Meto area, there are still forested areas that offer food, cover, and shelter for waterfowl and other 

species.  Even small strips of riparian timber or native grasses help reduce sediment input into 

streams, provide organic matter input, and supply shade for that helps buffer extreme summer 

water temperatures.  In order to protect these resources, the Service recommends that all new 

canals, pipelines, regulating reservoirs, and on-farm storage reservoirs should be located in 

cleared upland agricultural lands.  Furthermore, on-farm reservoirs should not be located on 
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farmed wetlands as many of these areas still have hydrological functions and associated wetland 

values important to wildlife.  Extra care should be exercised to avoid any areas within the 

boundaries of the historic Grand Prairie or Long Prairie that contain tallgrass prairie vegetation 

types such as native grasses, herbaceous wetlands, slash, or savannah.  Even narrow strips of 

these habitats may provide important seed sources for prairie plants native to Arkansas.  

 

If efforts to mitigate through avoidance are exhausted, any impacts to wetlands, forested uplands, 

or native grasslands should be regulated using the terms of an inter-agency developed general 

permit that limits the amount of impacts per reservoir/recovery pit and also limits the total 

project wide impacts associated with on-farm features.  The compensation for impacts should be 

in the form of large contiguous habitats as opposed to small scattered on site plantings.  The use 

of one or several large compensation sites will have greater ecosystem benefits and will ease the 

tasks of long term monitoring and management.      

 

SPECIFIC CONSERVATION MEASURES 

To address the fish and wildlife concerns and more fully achieve the planning objectives, the 

Service has formulated the following specific conservation measures.  We believe that these 

measures could be included in the project design without significantly increasing the cost of the 

project.   

 

Design on-farm reservoirs to benefit migratory birds   

The construction of on-farm reservoirs would benefit migratory shorebirds and waterfowl if 

designed with gradually sloping sides and other features.  Specific recommendations for the 
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design of reservoirs to benefit migratory birds were discussed earlier in the “Fish and Wildlife 

Resource Concerns and Planning Objectives” section of this report.  The Corps and NRCS 

possess existing general designs that were developed for the Grand Prairie Demonstration Project 

in coordination with the Service and AGFC.    

 

Use Best Management Practices (BMPs) on agricultural land 

Excessive sediment deposition is one of the primary stressors to aquatic life that were identified 

for streams in the Bayou Meto project area (Miller and Payne 2002, Killgore et al. 2003).  

Common farming practices such as fall plowing, clean tillage farming, and growth of a single 

crop with no fall cover crop have contributed most of this excess sediment.  The Corps proposes 

to partially address this problem with the installation of 92 drop structures throughout the project 

area in existing ditches.  These structures slow the runoff of water in ditches and allow some 

sediment to settle out prior to entering receiving streams.  These structures can also be used to 

hold water on fields in the winter to provide habitat for migratory waterfowl.  Although very 

beneficial, the structures will eventually become overwhelmed with sediment and require 

periodic maintenance.  To save valuable topsoil and reduce maintenance on these structures, 

several options are also available to prevent the loss of topsoil from fields due to sheet and gulley 

erosion.  The widespread adoption of BMPs such as minimum tillage or no tillage farming, 

grassed waterways, and filter strips would greatly reduce loss of sediment from farms, reduce 

excess sediment in streams, improve water quality in streams, and ultimately reduce the need for 

future maintenance of drop structures and channels for flood control or conveyance of irrigation 

water.  Expertise and cost-sharing monies for most of these practices are available to 

participating farmers through the Conservation Reserve Program (CRP) and Environmental 
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Quality Incentive Program (EQIP), both administered by the NRCS.  The inclusion of these 

practices where possible should be an integral part of each “Water Management Plan” for 

farmers receiving supplemental irrigation water via this project.  

 

Install weirs and grade control structures in canals and ditches   

Existing and planned canals/ditches provide marginal habitat for fish, freshwater mussels, and 

other aquatic organisms.  Their lack of diversity in velocity, depth, and substrate limits the 

assemblage of organisms to tolerant or generalist species guilds.  Because they are intended to 

move large volumes of water quickly, the flow in these waterbodies often fluctuates greatly in 

short periods of time.  Especially detrimental to aquatic organisms are the periods when flows 

are very low, resulting in low dissolved oxygen and elevated water temperatures.  The 

installation of strategically located weirs within these ditches and canals will help to maintain a 

minimum pool elevation and ameliorate these extremes in environmental variables.   

Grade control structures should be installed at the mouth of new canals where they connect with 

existing streams to prevent headcutting.  Headcutting can actually increase channel capacity at 

the site of erosion, but as the sediment settles downstream, resource impacts and additional 

channel maintenance often result.  Headcutting also induces additional channel instability and 

often results in accelerated failure of stream banks.  Grade control structures may be needed in 

existing ditches as well due to the increase in flows associated with the water delivery system.  

Structures on existing ditches should be installed as needed if problems with headcutting 

develop.  All weirs and grade control structures should be designed and located to avoid impacts 

to wetlands or other significant resources.  We request that the Service and AGFC be consulted 
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on the placement of weirs and grade control structures outside those already outlined in the 

planning documents.   

 

Revegetate Channel Rights-of-way 

The Service recommends that, during channel cleanouts and canal construction, spoil be spread 

and the ROW revegetated with native plant species.  The Corps proposes to plant approximately 

200 acres of native prairie grasses along the ROW of canals that traverse the Long Prairie 

component of the Grand Prairie Complex.  This will add a significant acreage of prairie habitat 

relative to the existing amount (several hundred acres).  The Service recommends that the 

remaining canal and channel cleanout ROWs be revegetated with native riverfront/bottomland 

hardwood trees such as willow oak, water oak, pecan, cottonwood, or sycamore.  The 

appropriate species will depend on the flooding frequency.  In areas that require frequent access, 

we recommend planning a mixture of native grasses. 

 

Establish a binding agreement that details the operation protocols and responsible parties 

regarding operation of the 1,000 cfs capacity pump station at the mouth of Little Bayou Meto 

The operation protocol for the two 500 cfs pumps at the mouth of Little Bayou Meto should be 

clearly stated and include water elevation and seasonal operation restrictions.  The Service, along 

with the AGFC and ANHC, has reviewed preliminary operation protocols issued by the Corps.  

We ask that all interested agencies continue to be an integral part of the team that refines the 

final operation protocols.  The establishment of binding rules regarding the operation of these 

pumps is critical to achieve the ecosystem benefits claimed and to avoid potential habitat 

damages from over pumping during the wrong time of the year.  The Service agrees that as 
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planned the operation of these pumps will be an overall benefit to the bottomland hardwood 

ecosystem present in the lower Bayou Meto basin.  However, if operated outside of the agreed 

upon restrictions, this project feature would result in negative impacts to waterfowl, fishes, plant 

composition, and the bottomland hardwood ecosystem as a whole.  This reinforces the need for a 

binding agreement between the Corps of Engineers, local sponsor, and AGFC regarding the 

operation of these pumps.  It should be made clear in this agreement which parties are 

responsible for the operation of the pumps and enforcement of pumping restrictions.  

 

Develop an operation and maintenance manual for the Bayou Meto WMA features. 

We recommend that the interagency environmental planning team (Corps, Service, AGFC, 

ANHC, ASWCC, NRCS, ADEQ, Ducks Unlimited) develop a water management manual for 

Bayou Meto WMA.  Heitmeyer et al. (2004) indicated that the timber stress and death occurring 

on the management area was due to a variety of causes, including the inability to evacuate water 

in the late spring and summer.  The proposed pumps could resolve this issue and contribute to 

the restoration of timber health and appropriate species composition on the area.  However, there 

is also a need to address the other contributing causes to this condition, namely timing and 

duration of fall flooding in greentree reservoirs.  The managers of the WMA are currently at the 

mercy of unpredictable rainfall and political/societal pressures when making management 

decisions on when to flood impoundments.  Lack of a dependable water source in the fall often 

results in the need to capture early fall rain events in order to have impoundments flooded for the 

opening of duck hunting season.  The water delivery portion of this project could potentially 

provide a dependable source of water each fall.  With this dependable source of water would 

come the responsibility of managing the WMA for ecological sustainability.  Societal pressures 
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to provide dependable duck hunting opportunities throughout the management area on an annual 

basis dictate that a binding agreement between the local sponsors and AGFC be in place to 

ensure sustainable use of this resource.  This agreement should state that water management on 

the WMA will follow the interagency developed guidance manual.  This manual should be 

adaptive and subject to revision with approval by the inter-agency team.  The Project 

Cooperation Agreement between the Corps and the local sponsor should also include the 

requirement for an interagency developed Bayou Meto WMA water management manual.  These 

agreements will ensure that all of the assumptions regarding benefits assigned to the waterfowl 

management features are correct and that benefits are fully realized.    

 

The parties responsible for completing the proposed waterfowl management features should 

be clearly identified and a completion schedule developed to ensure that this project 

component is completed concurrently with the water delivery and flood control components 

We recommend that the parties responsible for completing the features described in the 

waterfowl management and restoration section should be clearly identified, and agree to 

complete these actions simultaneously with other project features.  These responsibilities will 

include seeking willing land/easement sellers, acquiring fee title or easement rights on selected 

properties, conducting or contracting hydrologic restoration and/or reforestation, conducting or 

contracting restoration of herbaceous wetlands and planting of upland buffers, conducting or 

contracting cleanouts of selected ditches and streams associated with Bayou Meto WMA, and 

post planting monitoring to ensure success of certain features.  We also recommend the inclusion 

of a timeline for completion of each feature to ensure that these project features are completed in 

the same time frame as the flood control and water delivery components. 
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Monitoring requirements for waterfowl management features should be developed by an 

interagency team in order to determine if projected benefits are realized 

We also recommend that the Corps and AGFC cooperate in a long term monitoring effort to 

determine the success of the proposed waterfowl management and mitigation features and ensure 

that predicted benefits occur.  This would include monitoring of restored sites to ensure the 

success of hydrologic restoration and/or revegetation, including both farmed wetlands restored to 

bottomland hardwood communities and sites on the Grand Prairie with restored wetland/upland 

buffer habitats.  It will be especially important to devise a long term monitoring plan for the 

forested habitats in and adjacent to the Bayou Meto WMA.  The primary justification for internal 

WMA waterfowl management features and the installation of the 1,000 cfs capacity pumping 

station at the mouth of Little Bayou Meto is to halt and reverse the damage that has occurred to 

the vegetation communities (primarily low to intermediate bottomland hardwoods) in the 

management area.  In order to determine the extent of these benefits, it is imperative that a 

monitoring strategy be incorporated into the final project plan.  The Service would like to work 

with the Corps and AGFC in the development of this strategy.                      

 

 

RECOMMENDATIONS 

To protect and conserve the fish and wildlife resource values of the project area, reduce and 

minimize project impacts, and insure realization of project benefits, the Service recommends the 

following measures: 
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1.  Institute a water withdrawal protocol that ensures the diversions from the Arkansas River 

do not violate the minimum flows established by the ASWCC. 

 

2.  Avoid or relocate significant freshwater mussel concentrations. 

 

3. Removal of stream blockages should be done conservatively and with established 

methods acceptable to the Service (Stream Obstruction Removal Guidelines, AFS/TWS 

1983). 

 

4. Acquire in fee title and restore/reforest 4,093 acres of farmed wetlands to compensate for 

direct and indirect loss of habitat values due to the flood control and water delivery 

components.  

 

5. Locate irrigation on-farm features away from wetlands, forested uplands, and remnant 

tallgrass prairie sites.  Unavoidable impacts should be regulated by the terms of an inter-

agency developed general permit and/or other agreements.  

 

6. Design on-farm reservoirs to benefit migratory birds. 

 

7.  Use BMPs on agricultural land to improve water quality and reduce channel maintenance             

     requirements. 

 

8.  Install weirs and grade control structures in canals and ditches. 
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9.  Revegetate channel rights-of-way. 

 

     10.  Establish a binding agreement that details the operation protocols and responsible parties       

            regarding operation of the 1,000 cfs capacity pump station at the mouth of Little Bayou                

            Meto. 

 

11. Develop an operation and maintenance manual for the Bayou Meto WMA features in 

accordance with (a) the Bayou Meto Wildlife Management Area Wetland Management 

Plan (Heitmeyer et al. 2004) and (b) the recommendations and approvals of the 

interagency environmental planning team.. 

 

12. The parties responsible for completing the proposed waterfowl management features 

should be clearly identified and a completion schedule developed to ensure that this 

project component is completed concurrently with the water delivery and flood control 

components. 

 

13. Monitoring requirements for waterfowl management features should be developed by an 

interagency team in order to determine if projected benefits are realized. 

 

SUMMARY OF FINDINGS AND SERVICE POSITION 

The Corps’ preferred alternative will result in the need for 4,093 acres of hydrologic restoration 

and/or reforestation of farmed wetlands to compensate for direct and indirect loss of habitat 
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values resulting from the flood control and water delivery components of the Bayou Meto 

project.  The waterfowl management and restoration features proposed will result in direct 

benefits to both migratory and breeding waterfowl and will also provide important ancillary 

benefits to rare, declining, or extirpated species in the project area.  We support implementation 

of the project provided that our mitigation measures and recommendations are incorporated into 

project planning.  Our recommendations for inclusion of a pump operation agreement, Bayou 

Meto WMA water management agreement, waterfowl management features completion 

schedule, and monitoring are especially important to avoid negative impacts and fully realize 

benefits to fish and wildlife resources.   
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EXECUTIVE SUMMARY 

 

BAYOU METO BASIN, ARKANSAS, GENERAL REEVALUATION  

WATERFOWL APPENDIX 

 

The U.S. Fish and Wildlife Service's (Service) Waterfowl Technical Appendix (appendix) was 

prepared to quantify the impacts of the Memphis District, U.S. Army Corps of Engineers (Corps) 

Bayou Meto Basin, Arkansas, General Reevaluation on waterfowl.  It is the Service's 

understanding that this appendix is to become an integral part of the Corp’s environmental 

report. 

 

Because of dry conditions in traditional breeding areas and the loss of both breeding and 

wintering habitat, continental waterfowl breeding populations are below long term averages.  

Since the loss and degradation of habitat have been identified as the major waterfowl 

management problems in North America, quantifying the impacts of the proposed alternatives 

for the Bayou Meto Basin, Arkansas, General Reevaluation in terms of alteration to wintering 

waterfowl carrying capacity and foraging habitat is the primary purpose of this appendix. 

 

Using with and without hydrology modifications and land use data supplied by the Corps, the 

impact methodology used in this appendix was based on food as an index of wintering waterfowl 

carrying capacity expressed in terms of the number of duck-use-days (DUD).  This methodology 

also accounts for the effects of seed consumption and decomposition for agricultural waste 

grains.  Project impacts in terms of increases and decreases of average seasonal acres flooded, 
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during the 120 day wintering period from November 15 to March 15, were also identified.  

Project impacts were determined by comparing existing conditions to those resulting from the 

direct (i.e., construction) and indirect (i.e., alteration of hydrologic regimes) impacts associated 

with flood control and water supply alternatives.  None of the water supply alternatives would 

have an effect on the winter hydrology within the Bayou Meto basin, so the indirect impacts of 

this project component are not discussed further in this analysis.    

 

Implementation of purely structural flood control features would result in adverse impacts to 

migratory waterfowl wintering habitat (maximum average annual loss of 626,375 DUD, 

Alternative FC3B, 3,000 cfs pump).  Losses would occur both on private and public lands and 

would be evident in seven of the eleven hydrologic reaches.  From the final array of six, 

alternative FC2 would reduce wintering waterfowl foraging habitat carrying capacity by 267,817 

DUD due to the effects of the reduction in hydrology from channel cleanouts/enlargements.  

Alternative FC2A, which incorporates additional channel work, would result in a loss of 269,929 

DUD.  A loss of 482,948 DUD would result from Alternative FC3A which includes the addition 

of a 1,000 cfs pump at the mouth of Little Bayou Meto.  A nonstructural plan incorporating 

reforestation within the two year floodplain would result in a loss of DUD compared to existing 

conditions.  This is due to the fact that fallow cropland habitats provide 1.7 times the forage 

density and caloric value (and DUD/acre) of reforested habitats.  The restoration of 15,140 acres 

of forests on cropland (including fallow land) in the two year floodplain (4,256 acres in the 

“waterfowl flood scene”) would result in a loss of 12,304 DUD.   
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The Corps combined the features in water supply alternative WS4B (water conservation, 8,832 

acres of storage reservoirs, and a 1,750 cfs import system) with those in flood control alternative 

FC3A (channel cleanouts/enlargements and a 1,000 cfs pump) to form their preferred alternative 

(National Economic Development, or NED plan).  This assessment only addresses the impacts to 

waterfowl due to indirect hydrologic impacts.  The preferred alternative would result in a loss of 

482,948 DUD due to the flood control component.  The mitigation required for direct impacts 

due to spoil, reservoirs, pump stations, and other infrastructure was addressed separately by the 

Corps using the Habitat Evaluation Procedures (HEP).  The preferred alternative also includes 

the following proposed waterfowl management features: 1) reforestation of 23,000 acres in the 

post-project two and five year floodplains; 2) reforestation of 2,643 acres of riparian buffers in 

the two year floodplain; 3) development of 240 acres of moist soil habitat; 4) enhancement of 

26,000 acres of BLH in Bayou Meto Wildlife Management Area Greentree Reservoirs; and 5) 

restoration and creation of 2,000 acres of seasonal herbaceous wetland and wet prairie.  The 

benefits of these waterfowl management features in terms of DUD gains was detailed by 

Heitmeyer (2005).        

 

Quantifying food availability and consumption by waterfowl represents only one facet of 

waterfowl biology.  It also represents only part of waterfowl habitat requirements.  The 

availability of winter water for other uses, i.e., loafing and pair bonding, are equally important 

and should be considered equally when a proposed alternative would reduce winter water.  

Forested areas contain foods (acorns and macroinvertibrates) that contribute to a nutritionally 

complete diet.  Forested areas also provide complex cover for protection, loafing, and pair 

bonding.  These are proven values not provided by flooded crops (or provided to a much lesser 
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extent) but that are very difficult to quantify.  Also, the reduction in wintering waterfowl habitat 

that has occurred due to the completion of flood control projects in the Lower Mississippi 

Alluvial Valley is of concern to the Service not just because of adverse impacts to migratory 

waterfowl, but cumulative impacts to the floodplain ecosystem. 

 

Due to the planning efforts of the Corps, the Service, and other interested parties, decision 

makers now have the opportunity to reforest a significant portion of the Bayou Meto project area, 

benefiting all fish and wildlife species dependent on forested wetland habitats.  Special emphasis 

should be placed on reforestation of the without project two year floodplain.  This technique has 

been widely recognized as providing multiple benefits including reduction in flood damages on 

marginal farm land, increase of fish and wildlife habitat, and improvement of water quality.  

Much of this land was cleared when soybean prices where high enough to justify the risks 

associated with farming frequently flooded areas.  Today prices have moderated and many such 

areas can no longer be profitably farmed.  Because of this, the owners of these properties are 

much more likely to participate in incentive based reforestation initiatives than those who own 

property at higher elevations.  Although more difficult to obtain, fee title and easement purchases 

of property above the two year flood frequency should be considered as well.  Although these 

higher sites flood less frequently, they do provide important foraging opportunities for waterfowl 

during high flood events and will support less water tolerant native plant communities that are 

currently quite rare in the basin due to agricultural conversion.           
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INTRODUCTION 

 

This draft Waterfowl Technical Appendix (appendix) is submitted in partial fulfillment of the 

Fiscal Year 2005 scope of work for U.S. Fish and Wildlife Service (Service) activities pertaining 

to the U.S. Army, Corps of Engineers (Corps), Memphis District activities associated with the 

Bayou Meto Basin, Arkansas, General Reevaluation.  The purpose of this appendix is threefold: 

first, to identify the relative importance of the general project area in terms of historic trends in 

wetlands and wintering waterfowl, primarily Mallards (Anas platyrhynchos); secondly, to 

document existing wintering waterfowl carrying capacity in the project area, and thirdly, to 

document project induced impacts compared to future without-project conditions using food as 

an index of carrying capacity expressed in terms of duck-use-days (DUD).  Quantifying food 

availability and consumption by waterfowl represents one facet of waterfowl biology, and it 

represents only part of waterfowl habitat requirements.  The availability of winter water for other 

uses, i.e., loafing and pair bonding, are equally important, but difficult to quantify.  Flood control 

projects that reduce the extent, duration, and frequency of winter water are of concern to the 

Service.   

 

Flood control projects should be approached on an ecosystem basis with the goal of creating 

economically and ecologically sustainable land uses.  The use of purely structural traditional 

flood control methods such as channelization, channel widening, and pumps address only the 

economic aspect.  The adoption of incentive based two year flood zone reforestation as a major 

component of flood damage reduction projects considers both the economic and ecological 
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services provided by a river basin.  The Service believes the trend should be towards using 

primarily nonstructural methods supplemented by traditional techniques.   

 

The information contained in this appendix is submitted in accordance with the referenced scope 

of work and with provisions of the Fish and Wildlife Coordination Act, but does not constitute 

the final report of the Department of Interior, U.S. Fish and Wildlife Service, as required by 

Section 2(b) of the Act. 

       

PROJECT DESCRIPTION 

 

The Bayou Meto Basin, Arkansas, General Reevaluation is the result of more than fifty years of 

efforts to implement a water development project in the Bayou Meto watershed.  Authorization 

for a flood control project in the Grand Prairie Region and the Bayou Meto Basin in eastern 

Arkansas was originally given in Section 204 of the Flood Control Act of 1950 (64 Stat 174).  

Due to a lack of local sponsorship, the project was deauthorized by Section 1001(B) of the Water 

Resources Development Act of 1986 (33 U.S.C. 579A(B)).  However, because of concerns about 

drought conditions and declining aquifers, the project was reauthorized by Section 363(a), 

Project Reauthorizations, of the Water Resources Development Act of 1996, Public Law 104-

303.  The reauthorized project expanded the original scope of work to include ground water 

protection and conservation, agricultural water supply, and waterfowl management in addition to 

flood control.  In 1998 reports submitted by the U.S. House of Representatives and U.S. Senate 

directed the U.S. Army Corps of Engineers (Corps) to initiate a reevaluation of the Bayou Meto 

Basin portion of the project.   
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The Bayou Meto basin project area encompasses 779,109 acres in portions of Arkansas, 

Jefferson, Lonoke, Prairie, and Pulaski Counties.  The majority of the project area drains into 

Bayou Meto, a tributary of the Arkansas River, although a small northeastern portion of the area 

drains into tributaries of the White River.  Other streams in the area include Bayou Two Prairie, 

Indian Bayou, Little Bayou Meto, Wabbaseka Bayou, Baker’s Bayou, Salt Bayou Ditch, and 

Crooked Creek.  The major land use in the area is agriculture including production of rice, 

soybeans, cotton, wheat, grain sorghum, and baitfish (aquaculture).  Another prominent practice 

in the basin is the management of land to provide fish and wildlife habitat.  Bayou Meto Wildlife 

Management Area (BMWMA), covering approximately 32,000 acres, contains a large portion of 

the bottomland hardwood habitat in the basin.  Early and unvaried flooding of green tree 

reservoir units to provide dependable waterfowl hunting opportunities has resulted in some 

timber mortality, loss of timber regeneration, and/or conversion to more water tolerant species.  

Difficulty in removing water from the timber in the spring has also contributed to these 

problems.  Much of this late flooding is the result of or exacerbated by previous flood control 

projects (i.e., upper basin channelization and lower Bayou Meto and Little Bayou Meto flood 

gates that are closed to prevent backflow from the Arkansas River), basin wide land use practices 

(i.e., streams sedimented in due to agricultural runoff), and damming by beavers.  The primary 

problems identified in the basin are agricultural flooding and depletion of the alluvial aquifer due 

to overuse as an irrigation source.  The project seeks to address the flooding damage through a 

combination of structural and nonstructural methods.  Some of these measures may also assist in 

removing water from the BMWMA during the spring.  The diversion of surface water from the 

Arkansas River is proposed to lessen the pumping demand on the aquifer.                 
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PROJECT ALTERNATIVES 

 

The flood control and irrigation water conveyance components of this project are being studied 

separately by the Vicksburg and Memphis Districts of the Corps, therefore each has an array of 

alternatives.  Aside from the direct impacts associated with the construction of water conveyance 

infrastructure, the irrigation component will have little effect upon the availability of waterfowl 

foraging habitat.  The flood control portion of the project has greater potential for reducing the 

amount of available foraging habitat due to reductions in flood frequency, extent, and duration.  

Components of water supply alternative WS4B (water conservation, 8,832 acres of storage 

reservoirs, and a 1,750 cfs import system) were combined with those in flood control alternative 

FC3A (channel cleanouts/enlargements and a 1,000 cfs pump) to form the Corps’ preferred 

alternative.  This alternative also includes waterfowl management features including 

reforestation, moist soil development, herbaceous wetland and wet prairie restoration, and 

internal water management features with Bayou Meto WMA.  All flood control and water supply 

alternatives and the Corps’ preferred alternative are discussed separately below and in Table 1. 

 

Four structural flood control alternatives in addition to no-action and nonstructural alternatives 

were carried forward for detailed investigation.  For each structural alternative, the project area 

was divided into 11 reaches with specific actions such as channel cleanouts, excavations, or 

channel enlargements designated for each reach.  The details of each alternative follow: 

 

1.  Alternative FC1 - This no action alternative assumes that no work will occur and conditions 

will remain similar to those that currently characterize the project area.         
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2.  Alternative FC6 - This nonstructural plan would involve reforestation of 15,140 acres of 

cropland in the pre-project two year floodplain.       

 

3.  Alternative FC2 - This alternative would involve an array of selective clearing, channel 

cleanout, weir placement, and excavation work on eight stream reaches.  It would provide a 

reduction in flooding for the most frequently flooded reaches in the project area.  

 

4.  Alternative FC2A - This alternative is identical to alternative 2 except for some additional 

channel enlargement in Indian Bayou Ditch, Crooked Creek Ditch, and Crooked Creek to 

accommodate some of the water supply features. 

 

5.  Alternative FC3A - This alternative incorporates all of the features of alternative 2A while 

adding additional excavation and channel enlargement in Little Bayou Meto, Boggy Slough, and 

Boggy Slough diversion.  More notably, this alternative also includes the installation of a 1,000 

cfs pump near the mouth of Little Bayou Meto.   

 

6.  Alternative FC3B - This alternative is identical to alternative 3A except that a 3,000 cfs pump 

would be used in place of the 1,000 cfs pump.  The increase in pump capacity would also require 

modification of the existing Cannon Brake water control structures to pass the extra water 

volume.     
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Five water delivery alternatives, including the no action alternative, were considered for this 

project.  They incorporate a combination of on-farm water conservation measures and 

supplemental water via a delivery system from the Arkansas River.  Several alternatives have 

sub-alternatives that detail various on-farm surface water storage capacities.  Descriptions of 

each alternative follow: 

 

1.  Alternative WS1: No Action - This alternative represents the conditions that will occur in the 

project area in the absence of the proposed project.  The desired land use and demand for 

irrigation water will remain at current levels.   Only 45 percent of the project area can be 

sustainably irrigated in an average year without the project. 

 

2.  Alternative WS2: Conservation with storage - This alternative would increase the amount of 

on-farm water storage and conservation measures in an effort to maximize the use of existing 

water sources.  This would involve increasing the irrigation water use efficiency from 60 percent 

to 70 percent.  An additional 4,941 acres of reservoirs would also be constructed.  This is the 

maximum acreage that could be constructed without a supplemental delivery system.  With this 

alternative in place approximately 60 percent of the area could remain irrigated if groundwater 

withdrawal was regulated at the safe yield level.   

 

3.  Alternative WS3: Conservation and storage plus a 1,650 cfs water import system - While this 

alternative would similarly increase water use efficiency to 70 percent and feature the 

construction of on-farm storage reservoirs, it would also incorporate a system for the distribution 

of supplemental water.  Water from the Arkansas River would be pumped throughout the project 
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area via a system of new canals and pipelines in addition to existing streams.  The addition of 

this water would allow the construction of additional acres of on-farm storage.  The following 

sub-alternatives feature the above components plus three options for new reservoir construction. 

 

    Sub-alternative WS3A: 5,954 acres of additional storage reservoirs. 

    Sub-alternative WS3B: 8,832 acres of additional storage reservoirs. 

    Sub-alternative WS3C: 14,544 acres of additional storage reservoirs. 

 

4.  Alternative WS4: Conservation and storage plus a 1,750 cfs water import system - This 

alternative is identical to alternative WS3 except for a 100 cfs increase in water import capacity.  

The acreage of storage reservoirs (sub-alternatives WS4A-WS4C) remains the same. 

 

5.  Alternative WS5: Conservation and storage plus a 1,850 cfs water import system - This 

alternative is identical to alternative WS3 except for a 200 cfs increase in water import capacity.  

The acreage of storage reservoirs (sub-alternatives WS5A-WS5C) remains the same.    

 

The Corps’ selected plan, or preferred alternative, consists of a combination of water delivery 

alterative WS4B and flood control alternative FC3A.  This plan will also incorporate waterfowl 

management features including bottomland hardwood reforestation, herbaceous wetland/wet 

prairie restoration, and water management improvements with Bayou Meto WMA.   
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TABLE 1.  ARRAY OF PROJECT ALTERNATIVES, BAYOU METO GENERAL 
REEVALUATION. 

Project Component Alternative Description 

Water Conveyance  WS1 No action 

Water Conveyance WS2 Increase in water conservation and 
construction of on-farm storage 

Water Conveyance WS3 Increase in water conservation and 
construction of additional on-farm storage 
made possible by a 1,650 cfs supplemental 
water supply from the Arkansas River 

Water Conveyance WS4 Same as above with 1,750 cfs supplemental 
water supply 

Water Conveyance WS5 Same as above with 1,850 cfs supplemental 
water supply 

Flood Control FC1 No Action 

Flood Control FC2 Selective channel cleanouts and enlargements 

Flood Control FC2A Same as above with additional channel 
reaches enlarged to handle conveyance of 
irrigation water 

Flood Control FC3A Same as above with addition of a 1,000 cfs 
pump at the mouth of Little Bayou Meto 

Flood Control FC3B Same as above with a 3,000 cfs pump 

Flood Control FC6 Reforestation of the two year floodplain on 
frequently flooded cleared areas 

Multipurpose Selected Plan Combination of water conveyance alternative 
WS4B and flood control alternative FC3A 
plus waterfowl management features 
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HISTORICAL PERSPECTIVE OF WETLANDS AND WATERFOWL IN THE 

MISSISSIPPI ALLUVIAL VALLEY 

 

Wetlands 

 

Before settlement by Europeans and Africans, the Mississippi Alluvial Valley (MAV) was an 

intricate maze of bottomland hardwood forests, swamps, and bayous, and historically, the largest 

forested wetland in North America (25 million acres) extending approximately from southeastern 

Missouri to southern Louisiana.  The transformation of this vast forest into agricultural use was 

gradual, yet deliberate, with more than 80 percent of the forest in this region cleared.  Most of 

the MAV was subject to periodic flooding by the Mississippi River and its tributaries.  Following 

the Flood Control Act of 1941, hydrologic relationships in the MAV were altered by federally 

funded water resource developments for flood control and agriculture (Reinecke et al. 1988).  

Despite these changes to the landscape and hydrology in the MAV, it remains a critical 

ecoregion for North American waterfowl and other wildlife (Kaminski 1999).  

 

Congress enacted a series of Swamplands Acts in the mid-1800's that deeded more than 20 

million acres of swamplands to the states.  With the proceeds from the sale of these lands being 

used for reclamation, wetlands were cleared, drained, and converted to agricultural use.  

Extensive settlement of the MAV occurred by 1900.  As the result of devastating floods (1912, 

1913, 1916, and 1927), Congress enacted the comprehensive flood protection program called the 

Mississippi River and Tributaries Project (MR&T).  As a direct result of the construction of 

1,500 miles of mainline levees along both banks of the Mississippi River under the MR&T 
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Project, thousands of acres of bottomland hardwood forests were cleared for agricultural 

production. These lands were generally high in elevation for the Delta, well drained, and the   

most productive in the MAV. Today, these lands are primarily used for the production of cotton, 

corn, soybeans, rice, grain sorghum, and wheat.   

 

Following the completion of interior flood control projects, the period from 1950 through the 

1970's saw the expansion of agriculture into the lower, wetter, flood prone land.  During this 

time period, approximately 3.5 million acres of wooded wetlands were converted to agricultural 

production in the MAV (MacDonald et al. 1979).  The high price of soybeans during this period 

made farming even flood prone lands profitable.  As soybean prices dropped, the futility of 

farming marginal, flood prone land was made evident during the devastating floods that occurred 

from 1973 through 1993, despite the occasional periods of drought.  As the result of this 

extended period of flooding, Congress enacted legislation to protect and restore wetlands 

(marginal, flood prone agricultural land brought into production during the period from 1950-

1970): the 1985 Farm Bill, the Emergency Wetlands Protection Act of 1986, the Water 

Resources Development Act of 1986, the Agriculture Credit Act of 1987, the Conservation 

Reserve Program, the 1990 Farm Bill, the Food Security Act of 1992, the Wetlands Reserve 

Program (WRP), and the Federal Agriculture Improvement and Reform Act of 1996.  For 

example, under the provisions of WRP, the federal government pays land owners fair market 

value for marginal cropland (farmed wetlands) and assists in replanting these areas in bottomland 

hardwood species.  Today, the trend of federal policy is decidedly toward (1) wetland restoration 

that will benefit waterfowl and other wildlife dependent on wetland habitat, and (2) sound 

floodplain management. 
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Waterfowl 

 

Historically, the MAV served as a major wintering area for waterfowl.  Waterfowl population 

numbers began to decline in the 1960's as the direct result of extensive droughts and loss of 

nesting habitat in the prairie pothole region of the North America and the conversion of 

wintering areas in the MAV (bottomland hardwoods) to agricultural production.  Waste grain, 

rice, and soybeans are now the dominant food sources of waterfowl in the MAV.  These crops 

are often grown on frequently flooded cropland.  Federal flood control and drainage programs 

have reduced the extent of these flooded areas, the result being that naturally flooded or ponded 

habitat is limited for a significant portion of the wintering period and areas that do flood are less 

extensive and more ephemeral. 

 

The net effect of wetland conversion and drainage has been that natural habitat is no longer 

sufficient to meet the needs of wintering waterfowl and other migratory birds.  Clearing for 

grazing, timber harvesting, agriculture, and reservoir projects have all contributed to the decline 

of bottomland hardwoods in the region. 

 

Over the last decade several species of North American waterfowl, including Mallards, showed 

signs of recovery approaching or exceeding the population levels recorded in the 1950's (Annual 

Breeding Duck Survey, Table 2).  However, dry conditions on the traditional Canadian and 

northern United States nesting grounds over the last several years have resulted in declines in the 

overall waterfowl population.  Total duck abundance in the traditional survey area for 2002 was 

estimated at 31.2 million birds, a decrease of 14 percent from that of 2001, and 6 percent lower 
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than the 1955-2001 average.  Mallard abundance was 7.5 million, which was near the 2001 

estimate of 7.9 million and essentially equal to the long term average.  Blue-winged Teal (Anas 

discors) abundance was 4.2 million, or 27 percent below the 2001 estimate.  Despite this decline, 

the population size remains near the long term average.  Northern Pintail (Anas acuta; 1.8 

million, - 46 percent), Northern Shoveler (Anas clypeata; 2.3 million, - 30 percent), and Gadwall 

(Anas strepera; 2.2 million, - 17 percent) all declined since 2001.  Green-winged Teal (Anas 

crecca; 2.3 million), American Wigeon (Anas americana; 2.3 million), Redhead (Aythya 

americana; 0.6 million), Canvasback (Aythya valisineria; 0.5 million), and scaup (Aythya marila 

and A. affinis; 3.5 million) populations remained near the 2001 estimates.  Gadwall (+ 37 

percent), Green-winged Teal (+28 percent), and Northern Shoveler (+10 percent) all remained 

above their long term averages while American Wigeon (- 12 percent), Northern Pintail (- 58 

percent), Canvasback (- 14 percent), and scaup (- 34 percent) were below long term averages.  

The number of Redheads remained near their long term average.  Northern Pintails and scaup, 

which exhibited the lowest and second lowest numbers on record, respectively, are of special 

conservation concern. 

     

While the annual breeding duck surveys are the most reliable estimates of waterfowl populations, 

population estimates are also available from extensive surveys of wintering ducks as well as 

waterfowl harvest data. The midwinter waterfowl survey for the Mississippi Flyway, conducted 

in by the Service and the states, is an attempt to count the total number of ducks of each species  
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TABLE 2.  BREEDING DUCK POPULATION ESTIMATES (in thousands) 1. 

Years 
 
 

Mallard Gadwall Am. 
Wigeon

Green-
winged 

Teal 

 
Northern 
Shoveler 

Northern 
Pintail 

Blue-
winged 

Teal 

1955-60 9,386 651 3,195 1,584 1,556 8,543 4,909 

1961-65 6,062 928 2,310 1,228 1,368 3,514 3,601 

1966-70 7,805 1,641 2,702 1,652 2,105 5,177 4,138 

1971-75 8,284 1,544 2,973 1,873 2,026 5,968 4,617 

1976-80 7,800 1,457 3,012 1,851 1,910 4,891 4,695 

1981-85 5,915 1,483 2,616 1,612 1,934 3,240 3,645 

1986-90 5,932 1,443 2,002 1,860 1,789 2,334 3,584 

1991 5,444 1,584 2,254 1,558 1,716 1,803 3,764 

1992 5,976 2,033 2,208 1,773 1,954 2,098 4,333 

1993 5,708 1,755 2,053 1,694 2,046 2,053 3,193 

1994 6,980 2,318 2,382 2,108 2,912 2,972 4,616 

1995 8,269 2,836 2,614 2,301 2,855 2,758 5,140 

1996 7,941 2,984 2,272 2,500 3,449 2,736 6,407 

1997 9,940 3,897 3,118 2,507 4,120 3,558 6,124 

1998 9,640 3,742 2,857 2,087 3,183 2,520 6,398 

1999 11,257 3,235 2,983 2,834 3,889 3,057 7,149 

2000 9,470 3,158 2,733 3,193 3,520 2,907 7,431 

2001 7,904 2,679 2,493 2,508 3,313 3,296 5,757 

2002 7,503 2,235 2,334 2,333 2,138 1,789 4,206 
1 U.S. Fish and Wildlife Service 2002a. 
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(Table 3).  Total duck abundance in 2002 was 7.2 million birds, a decrease of 7 percent over that 

of 2001, but exceeding the 1992-2001 average by 16 percent.  Mallard abundance was 2.8 

million, an increase of 10 percent over 2001 and 18 percent over the 1992-2001 average.   

Numbers of most other ducks decreased from 2001 and fell below the 1992-2001 average.  

Midwinter population estimates for the most common species follow, with the first percentage 

representing the change since 2001 and the second percentage representing the deviation from 

the 1992-2002 average:  Blue-winged Teal (68,212;  - 3 percent, - 41 percent),  Northern Pintail 

(417,918; -65 percent, - 17 percent), Green-winged Teal (625,204; - 28 percent, - 18 percent), 

Northern Shoveler (189,359; - 17 percent, - 5 percent), American Wigeon (158,321; - 30 percent, 

-39 percent), Redhead (55,074; + 206 percent, + 101 percent), Canvasback (105,171; - 52 

percent, - 24 percent), scaup (308,508; - 22 percent, + 34 percent).  These population estimates 

are not considered of sufficient reliability to measure trends in abundance of most duck species 

because of the large area which must be surveyed and the difficulty of counting birds, especially 

in wooded habitats, and the lack of a valid statistical sampling scheme.  Mid-winter waterfowl 

surveys provide useful, general information on wintering waterfowl population levels.  Further, 

comparing the statewide numbers from year to year does not account for extremes of temperature 

or above or below normal rainfall; factors known to influence the arrival and departure of 

wintering waterfowl.  Therefore, these surveys tend to count fewer ducks than are actually 

present, but the amount of undercount is unknown and is likely variable from year-to-year. 

 

Waterfowl harvests have fluctuated since records have been kept, being lowest during the early  
 
1960's when waterfowl populations, potential hunters, and days afield were low.  In most years, 
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TABLE 3.  MIDWINTER WATERFOWL SURVEYS, ARKANSAS in thousands 1. 
Years Mallard  Northern 

Pintail 
Dabbling 
Ducks (all) 

Diving Ducks 
(all) 

All  
Ducks * 

1971-1975 1,053 81 1,196 28 1,230 

1976-1980 557 19 606 8 633 

1981-1985 698 50 831 73 912 

1986-1990 833 57 1,035 64 1,099 

1991-1995 691 163 1,067 70 1,137 

1996 581 59 812 14 827 

1997 373 68 556 111 668 

1998 526 24 784 8 792 

1999 397 50 604 18 622 

2000 236 10 316 4 320 

2001 439 52 581 23 604 

2002 810 93 1,119 18 1,143 
1 Gamble 2002 
*  May not be equal to the sum of dabbling and diving ducks due to rounding. 
 

 

 

 

 

 

 

 

 

 

 



 97

harvests have tracked the fluctuation of these factors, especially waterfowl populations.  In 

recent years, nationwide harvests of the heavily hunted mallard and of total ducks remained 

relatively constant, while hunter numbers declined and hunter success increased.  It appears that 

fewer hunters have been increasingly successful at harvesting ducks.  In the Mississippi Flyway, 

preliminary estimates are that 2.5 million Mallards were harvested in 2001, or 48 percent of the 

total Mallard harvest in the United States, followed by 873,200 Gadwall (61.6 percent of the total 

harvest), 628,700 Green-winged Teal (43.9 percent of the total harvest), and 561,000 Wood 

Ducks (Aix sponsa) (61.2 percent of the total harvest).  Within Arkansas, Mallards also 

comprised the majority of the ducks harvested (57.2 percent), followed by Gadwall (16.3 

percent), Green-winged Teal (9.2 percent), and Wood Duck (4.1 percent) (U.S. Fish and Wildlife 

Service 2002b).  Active adult hunters afield in Arkansas totaled 57,797 in 2001 (4 percent more 

than 2000) and total hunter days equaled 790,361 days (10 percent more than 2000).  Total duck 

harvest in Arkansas in 2001 was 1,113,800 ducks with an average annual bag of 14.4 ducks per 

adult hunter.   

 

WINTERING WATERFOWL BIOLOGICAL CHARACTERISTICS 

 

The loss and degradation of waterfowl habitat has been identified as the major waterfowl 

management problem in North America (U.S. Fish and Wildlife Service and Canadian Wildlife 

Service 1986).  Wintering waterfowl habitat requirements can be broken down into three 

components: habitat availability, utilization, and suitability in meeting social behavioral 

requirements.  Waterfowl populations and recruitment in the MAV are a direct function of these 

three components. 
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Habitat Availability 

 

Relationships exist among availability of wetland habitat and food during winter and waterfowl 

physiological, behavioral, and population responses (Kaminski 1999).  Hydrology and resulting 

wetland habitat and intrinsic resources are critical proximate factors related to waterfowl use of 

alluvial environments like the lower Mississippi Delta (Fredrickson and Heitmeyer 1988).  

Additionally, current and cross seasonal physiological status, survival, and reproductive 

performance of waterfowl have been linked to winter habitat and food resources (Table 4).   

  

Studies of wild Mallards and Wood Ducks have revealed that landscape scale flooding and dry 

conditions during winter influence distribution and abundance of these and likely other species 

of waterfowl and wetland birds (Kaminski 1999).  Widespread winter flooding in the MAV 

resulted in regional increases in Mallards (Nichols et al.. 1983), and below average precipitation 

during spring and summer in southeastern United States caused Wood Ducks to disperse to more 

southerly latitudes during fall and winter where wetland availability apparently was greater 

(Hepp and Hines 1991).  Additionally, increased wetland availability during winter presumably 

enhances foraging opportunities and food availability for Mallards and other waterfowl (Wright 

1961, Delnicki and Reinecke 1986, Reinecke et al. 1988, Wehrle et al. 1995), which in turn have 

been related to increased body weights in mallards (Delnicke and Reinecke 1986), earlier 

prebasic molt and acquisition of basic (breeding) plumage in female mallards (Heitmeyer 1987, 

Richardson and Kaminski 1992), and increased mallard survival (Reinecke et al. 1987) and 

reproductive rates (Heitmeyer and Fredrickson 1981, Kaminski and Gluesing 1987).  The results  

of recent research shows that winter wetland availability is linked to current and cross seasonal 
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TABLE 4.  POTENTIAL GENERIC BENEFITS TO MALLARDS AND WOOD DUCKS  
FROM FAVORABLE WINTER WATER (HABITAT) AND FEEDING CONDITIONS IN 
THE MISSISSIPPI ALLUVIAL VALLEY OR UNDER CAPTIVE CONDITIONS 
(adapted from Reinecke et al. 1988) 

POTENTIAL BENEFIT REFERENCE 
Improved foraging 
     Natural foods (e.g. seeds, invertebrates) 
      
     Agricultural seeds (rice) 

 
Wright (1961), Wehrle et al. (1995) 
 
Reinecke et al. (1988) 

 
Improved physiological condition 
     Increased body weight 
 
      
     Earlier prebasic molt in females 
 
      
     Increased pair formation 

 
 
Delnicki and Reinecke (1986), Demarest et al. 
(1997) 
 
Heitmeyer (1987), Richardson and Kaminski 
(1992), Barras (1993) 
 
Demarest et al. (1997), Vrtiska (1995) 

 
Changes in distribution and habitat use 
     Response to local/regional flooding 
 
      
     Regional increase in winter population 

 
 
Reinecke (unpubl. data), Hepp and Hines 
(1991) 
 
Nichols et al. (1983) 

 
Increased survival and reproductive 
performance 
     Survival 
 
      
     Reproductive performance 

 
 
 
Reinecke et al. (1987), Demarest et al. (1997), 
Vrtiska (1995) 
 
Heitmeyer and Fredrickson (1981), Kaminski 
and Gluesing (1987), Dubovsky and Kaminski 
(1994), and Vrtiska (1995) 
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life cycle events of Mallards and Wood Ducks, and possibly other waterfowl using alluvial 

environments like the Delta (Kaminski 1999). 

 

Managed and unmanaged wintering waterfowl habitats are present in the MAV.  Managed 

habitats, using structural measures and vegetation manipulation, are primarily found on federal 

and state lands, and represent the core wintering habitat during dry (below normal rainfall) years. 

 

As of 2003 the U.S. Fish and Wildlife Service’s Partners for Fish and Wildlife program and the 

Arkansas Partners program (a cooperative effort by the U.S. Fish and Wildlife Service, Ducks 

Unlimited, and the Arkansas Game and Fish Commission) have provided assistance to hundreds 

of private land owners to manage 137,028 acres as winter waterfowl habitat (2,028 acres under 

the Partners for Fish and Wildlife program and 135,000 acres under the Arkansas Partners 

program).  

 

Unmanaged winter habitat provides important foraging habitat to wintering waterfowl during 

years of normal or above normal rainfall. These periods of above normal rainfall show increases 

in available foraging habitat from 900 percent in Mississippi to 1,200 percent in Arkansas 

(Reinecke et al. 1988). The increased availability of wintering habitat also effects the distribution 

of wintering waterfowl in the MAV.  Proportionately more waterfowl have been found to winter 

in the MAV during periods of above normal rainfall and cold winters (Nichols et al. 1983, 

Reinecke et al. 1987).  This unmanaged and flood susceptible habitat, which is so important to 

wintering waterfowl, has long been subject to federal flood control drainage projects in the 

MAV.   
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Habitat Utilization 

 

Waterfowl are mobile and opportunistic, and their feeding habits have changed over time, 

presumably in response to the large scale conversion of native wooded wetlands to small grain 

agricultural crops.  The principal foods of Mallards generally include agricultural grains; seeds 

and tubers of native plants; acorns; and invertebrates such as isopods, snails, and fingernail clams 

(Reinecke et al. 1987).  Heitmeyer (1985) and Combs (1987) found that pin oak (Quercus 

palustris) and cherrybark oak (Quercus falcata var. pagodaefolia) acorns dominate the Mallard 

diet during years of good mast production and favorable water conditions in southeastern 

Missouri.  Nuttall oak (Quercus nuttalli) fills the same ecological niche in the Bayou Meto basin 

as pin oak in Missouri. 

 

In the early fall, Mallards concentrate on shallowly flooded openings in bottomland forests.  

Shortly after arrival, Mallards complete prealternate (breeding plumage) molt and consume 

aquatic insects and moist soil seeds.  Following molt, Mallards begin courtship and by early 

January 90 percent of the birds are paired (Bellrose 1980).  During pairing Mallards forage 

intensively in flooded forests or agricultural fields, where they consume acorns and cereal grains.  

After pairing Mallards readily use shallowly flooded forests and continue to consume acorns, but 

increase consumption of macroinvertebrates  (Fredrickson and Batema 1992). 

 

Wood Ducks and Hooded Mergansers (Lophodytes cucculatus) use overcup oak, cypress/tupelo 

forest types, and scrub/shrub habitats during fall courtship and pairing (Bellrose 1980).  Both 

species breed in Arkansas and nest in natural tree cavities or artificial nest boxes.  After pairing, 
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wintering habitat includes the deeper areas of lowland hardwoods, cypress/tupelo, overcup oak, 

and scrub/shrub habitats. 

 
Wright (1961) and Delnicki and Reinecke (1986) demonstrated the importance to waterfowl of 

large areas of flooded rice and soybean fields.  Seeds and tubers of grasses, sedges, and other 

moist soil plants are also important components of the diet (Wright 1961, Wills 1970, Heitmeyer 

1985, Delnicki and Reinecke 1986, Combs 1987).  Invertebrates generally provide less than 10 

percent of the diet in agricultural (Delnicki and Reinecke 1986) and moist soil (McKenzie 1987) 

habitats, but may be more important in forested wetlands (Heitmeyer 1985). 

 

Although the nutrition of wintering waterfowl is not well understood, it is, however, increasingly 

clear that nutrition affects dietary energy and protein intake, and that meeting these dietary 

requirements is positively related to winters with normal or above normal rainfall.  Studies 

conducted in Mississippi during the wet winter of 1982-83 show increased Mallard body weights 

while the dry winter of 1980-1981 show decreased Mallard body weights (Delnicke and 

Reinecke 1986).  Similar results in Missouri indicated that Mallard body weights increased when 

water conditions and mast production were favorable, or when rainfall was sufficient to flood 

low lying cropland (Heitmeyer 1985, Combs 1987).  The condition in which waterfowl return to 

the breeding grounds has been shown to have a major impact on their breeding success and 

survival (Bellrose 1980, Reinecke et al. 1989). 

 

In recent years, research has focused on relative waterfowl use and associated food availability in 

natural and agricultural foraging habitat.  Use of agricultural fields differs among crops (Nelms 
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and Twedt 1996).  Herbaceous native vegetation is used to a greater extent than any agricultural 

crops.  Bottomland hardwoods are used for foraging to a certain extent and roosting, loafing, and 

pair formation to a large extent (Reinecke et al. 1989). (Caloric values, seed consumption, and 

seed decomposition rates of available waterfowl foraging habitat form the basis for determining 

project impacts and are discussed in detail in the Impact Assessment Methodology section of this 

appendix.) 

 

Social Behavior 

 

During winter, courtship and pair formation dominate the social behavior of dabbling ducks.  

Most of the project area is agricultural land, replacing forested wetlands as the primary foraging 

habitat.  The forested wetlands and normally associated shrub swamps, beaver ponds, riparian 

habitat, and other deep water habitat are used as resting or roosting areas and provide isolation 

from human disturbance, protection from predators, and a location for courtship and other social 

activities where pairs are visually isolated.  Whereas much of the foraging and nutritional 

requirements can be met by flooded agricultural lands, a variety of habitats is needed to satisfy 

the total biological requirements of wintering waterfowl, because members of the population 

may differ in their habitat needs at any particular time (Reinecke et al. 1987).  Examples include 

the likelihood of juvenile or unpaired Mallards feeding in agricultural lands and adults and pairs 

seeking the isolation of shrub swamps to avoid harassment from courting parties (Heitmeyer 

1985). 
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PROJECT IMPACTS 

 

Project adverse impacts include the direct loss of wooded wetlands and seasonally flooded farm 

fields due to construction of the water delivery system, storage reservoirs, and flood control 

measures and indirect loss of wintering waterfowl habitat due to the flood reduction provided by 

the channel modifications and operation of the pump.      

 

Impact Assessment Methodology 

 

In this section, the term wintering waterfowl includes primarily puddle ducks consisting of the 

Mallard, Northern Pintail, American Wigeon, Gadwall, Green-winged Teal, Northern Shoveler, 

and Blue-winged Teal. 

 

Prior waterfowl appendices incorporated a methodology that used available food (energy) as an 

index of the carrying capacity of winter foraging habitat for dabbling ducks in the MAV.  This 

methodology was developed in 1992 by Mr. Robert Barkley (U.S. Fish and Wildlife Service, 

Vicksburg Field Office) and Dr. Kenneth J. Reinecke (United States Geological Survey, 

Mississippi Valley Research Field Station).  This method was used on several Corps flood 

control projects to quantify the impact of altering hydrology on traditional waterfowl wintering 

areas and for designing appropriate mitigation measures (U.S. Army Corps of Engineers 1991, 

1993).  This method has also been used in setting habitat management goals for wintering 

waterfowl habitat in the MAV (Loesch et al. 1994).  
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The Corps prepared a hydrologic model tailored to identify the acres of available foraging habitat 

under existing conditions and future conditions with and without the project.  For a 

determination of existing and future carrying capacities (based on the implementation of an 

alternative), land use was broken down into available foraging habitats having food value to 

wintering waterfowl: soybeans, rice, moist soil, bottomland hardwood forested wetlands, and 

other (includes pasture, open water, etc.).  

 

To determine carrying capacity in terms of numbers of duck-use-days (DUD), data requirements 

include land use, hydrology, and available food during the 120 day (November 1 to March 1) 

waterfowl wintering period.  The data were specific to those habitats and food resources that 

were available and used by foraging waterfowl. 

 

The amount of food available on a unit area of agricultural land (small grain crop residue, native 

moist soil seeds, and invertebrates) was determined by Reinecke et al. (1989), McAbee (1994), 

and Stafford et al. (2005).  The amount of food available in bottomland hardwood and moist soil 

habitats (acorns, invertebrates, moist soil seeds, roots, and tubers) was determined by Heitmeyer 

(2005).       

 

For this waterfowl appendix the previously described methodology was further refined to include 

information on crop seed deterioration rates and seed abundance, invertebrate abundance, as well 

as depth and duration of flooding (Nelms unpublished).  Waterfowl foraging habitat, regardless 

of food value, is only of use to wintering waterfowl if available.  Food availability is dependent 

on flooding.  Waterfowl use relatively shallow water areas, eighteen inches or less, for feeding.  
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Through the use of extensive hydrological data (1949-1997), the Corps provided seasonal acres 

flooded eighteen inches or less for the wintering season. The land use data provided for the study 

area were specific to those acres inundated and represent only potential available foraging 

habitat.  By including the factors described above, the present methodology is more 

representative of winter waterfowl foraging habitat. 

 

The index of carrying capacity for wintering waterfowl foraging habitat is expressed in duck-

use-days (DUD) per acre which represents the capacity of the available forage per acre that 

meets the energy requirements of one duck for one day.  The information used to estimate DUD 

for agricultural lands were: (1) current land use, including crop type, (2) extent, duration, and 

depth of flooding, (3) amount of winter food present by land use, (4) energy of food items, (5) 

deterioration rates of food items, (6) energy requirements of waterfowl, and (7) estimated density 

of waterfowl.  The equation for this is as follows: 

 

                                         NeedsEnergyDuck
EnergyFoodAcreDUD ×

=/  

 

The equation used to estimate DUD was further refined by factoring in the amount of seed 

deterioration that occurs over time because seed deterioration has a significant impact on DUD. 

Deterioration rates were estimated from experimental data using the best fitting regression model 

(Nelms and Twedt 1996).  Daily seed consumption estimates were also incorporated into the 

equation to preclude overestimating the influence of seed deterioration because foods consumed 

by ducks are not subject to deterioration.  Since DUDs are a function of the weight of the food 
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available and food is easily converted to calories, calculations are in terms of the weight of food.  

The equation for food available to ducks on a given day when seed consumption and 

deterioration are taken into account is: 

 

                             )( det
0

0 ii erioratedconsumed

j

i
j FoodFoodFoodFood +−= ∑

=
 

 

 

where: 

 

                    foodofkgKcal
dayduckconsumedKcaldensityduckMeanFoodconsumed /

//×
=  

 

and 

 

 

                                ieriorated DaysrateionDeterioratFoodFood ××=det  

 

    

where i and j are days. 

 

Duck-use-days per acre, adjusted for deterioration, are calculated by multiplying the number of 

days times the projected density of ducks.  By converting to DUD, units are comparable across 
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habitats which facilitates both wetland mitigation efforts and management decisions.  This is 

particularly useful when the loss of one habitat must be mitigated with another habitat type due 

to practical constraints or the need to meet multiple ecosystem management goals.  DUD provide 

an objective index of the relative value of different habitats for dabbling ducks as winter foraging 

habitats. 

 

To facilitate calculation, food item densities, deterioration rates, and energy values were 

aggregated within a given habitat type.  Weighted averages based on weights of food items were 

used to calculate the aggregate values.  Aggregate values are representative of any generic unit of 

food in the habitat of interest. 

 

Once aggregate values were calculated, the density of ducks feeding in the habitats of interest is 

projected so that daily consumption can be estimated.  An overall average of systematic 

observations of waterfowl in flooded moist soil, rice, and soybean fields in the MAV was used to 

estimate duck density.  The estimated diurnal density of ducks in flooded rice, soybean, and 

moist soil fields in the MAV from data collected by McAbee (1994) and Dr. Dan Twedt (U.S. 

Geological Survey) and Mr. Curtis Nelms (U.S. Fish and Wildlife Service, Vicksburg) 

(unpublished data) is 10.1 ducks/ha.  Little information is available on nocturnal feeding 

densities of waterfowl, although this has been shown to be an important phenomenon (Paulus 

1980, Reinecke unpublished data).  To adjust for nocturnal foraging, the estimate of diurnal 

density is doubled to 20.2 ducks/ha.  The role of the projected density and subsequent 

consumption estimates is to dampen the effects of seed deterioration on food availability.  If the 
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average daily consumption estimates were not included in the model then the influence of seed 

deterioration would be overestimated because foods consumed by ducks are no longer subject to 

deterioration.   

 

Reasonable estimates were generated for the number of days of flooding until exhaustion of food 

resources occurred at an average duck density. This density is assumed to be the point where 

declining foraging efficiency causes ducks to abandon a field.  Reinecke et al. (1989) found this 

threshold foraging efficiency to be 50 kg/ha.  The estimated Days To Exhaustion (DTE) of food 

resources is useful for determining the impact of the length of flooding on habitat values.  DTE 

allows the inclusion of data on flood duration and is useful in determining the impacts of flood 

control projects on wintering waterfowl foraging habitat.   

 

From the above calculations and assumptions, DUD/acre was generated for agricultural crops.  

Generally in waterfowl impact analyses the same technique would also be applied to moist soil 

and forested habitats.  However, waterfowl experts from the Lower Mississippi Valley Joint 

Venture (LMVJV), in conjunction with experts from academia, are currently in the process of 

revising the DUD/acre values for forested and moist soil habitats in the lower Mississippi 

Alluvial Valley (MAV).  In the interim, Heitmeyer (2005) provided estimates of food availability 

and waterfowl consumption rates in the MAV and calculated DUD values to determine the 

benefits of proposed waterfowl management actions associated with the Bayou Meto project.  In 

an effort to maintain the ability to compare benefits and impacts in terms of DUD loss/gains, the 

Service has adopted these values until new estimates are issued by the LMVJV.  All DUD/acre 

values used in this assessment are detailed in Table 5.         
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TABLE 5. DUCK-USE-DAYS (PER HECTARE AND PER ACRE) FOR FLOODED 
MOIST SOIL, RICE, SOYBEAN, AND BOTTOMLAND HARDWOOD FORESTS. 

Habitat Duck-use-days/ha Duck-use-days/ac 

Moist Soil (managed)1 4,216 1,706 

Moist Soil (natural)2 2,108 853 

Rice3 324 131 

Soybean3 299 121 

BLH (≥ 30% Red Oak)1 1,243 503 

BLH (< 30% Red Oak)4 1,171 474 
 
1Heitmeyer 2005 
 

2The value of “natural” moist soil areas such as fallow fields was adjusted to half that of 
intensively managed units to account for variability in the disturbance and flood regime and the 
resultant variance in seed and invertebrate production. 
 

3Stafford et al. 2005 
 
4The value of 503 DUD/acre estimated by Heitmeyer (2005) assumed a forest containing ≥ 30% 
red oak component, ≥ 50% herbaceous ground cover, and less than 10% damage to red oaks.  We 
calculated an average of these variables for existing forests (excluding those influenced by levees 
and greentree reservoir management) using data from Heitmeyer and Ederington (2004) and 
adjusted the DUD/acre figure accordingly.  
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CONSTRUCTION IMPACTS 

 

Construction impacts are those impacts that would be associated with the construction of the 

pumps, reservoirs, canals/ditches, and pipelines; maintenance of rights-of-way; or placement of 

dredged/fill material from ditch cleanouts/enlargements.  These impacts are "direct" in that an 

acre-for-acre change in land use occurs.  Although mitigation for some of these direct impacts 

will be required, they are not used in the calculations of gained or lost DUD due to operational 

impacts.  All alternatives from the irrigation component will directly impact 798 acres of 

forested wetlands and 289 acres of farm land.  The Corps estimates that up to 12 acres of the 

affected farm land will be classified as “farmed wetland”.  Additionally, the on-farm 

construction of reservoirs and tailwater recovery systems is estimated to affect up to 100 acres of 

farmed wetlands and 100 acres of forested wetlands.  The selected flood control plan (FC3A) 

will directly impact 797 acres of forested wetlands and 572 acres of farm land (estimated 23 

acres of farmed wetland). The total acreage of directly impacted forested wetlands for both the 

irrigation and flood control components is 1,695 acres (including on-farm features).  The total 

acreage of cleared lands impacted is 961 acres (including on-farm features), with 135 acres of 

this estimated to fall within designated “farmed wetlands”.              
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OPERATIONAL IMPACTS (CHANGES IN SEASONAL FLOODING) 

 

Future With and Without-Project Analysis 

 

For existing habitats with value as waterfowl foraging areas and that would be impacted by the 

hydrology alteration resulting from the operation of a pump and channel modifications, foraging 

value could be reduced or eliminated.  The waterfowl management component of the project will 

have positive benefits for waterfowl, however that portion of the project is designed as a separate 

component intended to restore and manage habitat above and beyond that required for 

compensatory mitigation.  The benefits of the waterfowl management component are detailed by 

Heitmeyer 2005 and elsewhere in the “Waterfowl Management and Restoration Plan” 

description. 

 

According to the Bayou Meto WMA Wetland Management Plan (Heitmeyer et al. 2004) and an 

assessment of forest health elsewhere in the Bayou Meto basin (Heitmeyer and Ederington 

2004), there are significant forested areas in the lower portion of the basin that would benefit 

from a reduction in flooding duration.  Most notably, many red oaks in and adjacent to greentree 

impoundments in Bayou Meto WMA (and on private land) are currently stressed, dying, and/or 

converting to more water tolerant species such as overcup oak or green ash.  The proposed pump 

station at the mouth of Little Bayou Meto and internal WMA drainage improvement will help 

alleviate extended spring flooding that has contributed to this problem.  To account for areas that 

are hydrologically disconnected from the floodplain (GTRs) or that will benefit from a reduction 

of flood duration during the spring (Bayou Meto WMA), these areas were treated as separate 
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land use categories and given a value of zero DUD/acre to exclude them from the impacts 

analysis.  The true value of these habitats and potential benefits that will result from the 

waterfowl management components of the project are detailed by Heitmeyer (2005).                

 

Total DUD for baseline conditions and each alternative plan (including the selected plan) are 

presented in Tables 6 through 12.  Based on the Corps’ data analysis, seasonal acres flooded by 

land use categories, for all hydrological reaches flooded 18 inches deep or less, total 14,620 acres 

for baseline conditions.  This value included a land use category “other” that does not provide 

waterfowl foraging habitat (i.e., roads) and habitats that will be neutrally or positively impacted 

(GTRs, Bayou Meto WMA).  Baseline seasonal acres flooded were adjusted based on the percent 

of actual foraging habitat by reach and was determined to be 9,427 acres.  Using these acres of 

habitat average seasonal duck-use-days for all hydrological reaches total 3,523,197 duck-use-

days (baseline conditions).   Implementation of purely structural flood control features would 

result in adverse impacts to migratory waterfowl wintering habitat (Alternatives FC2, FC2A, 

FC3A, FC3B).  Losses would occur both on private and public lands and would be evident in 

seven of eleven hydrological reaches.  For example, wintering waterfowl foraging habitat 

carrying capacity would be reduced annually by 267,817 DUD and 269,929 DUD for 

alternatives FC2 and FC2A.  Alternatives FC3A and FC3B, which incorporate 1,000 and 3,000 

cfs pumps, would result in losses of 482,948 DUD and 626,375 DUD, respectively.  Alternative 

FC6, which consists of reforesting 15,140 acres of cropland in the two year floodplain, would 

result in a small loss of 12,304 DUD.  This loss of DUD is not due to reduced hydrology.  This 

loss is result of the assumption that all available farm land in the “waterfowl scene” would be 

reforested.  A component of this includes reforestation of fallow fields (853 DUD/acre verses 
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503 DUD/acre) which accounts for the small loss of DUD.  The selected plan, which is a 

combination of water conveyance alternative WS4B and flood control alternative FC3A would 

result in an indirect loss of 482,948 DUD due to decreased extent and duration of flooding. 

 

CONCEPTUAL MITIGATION MEASURES 

 

Depending on the alternative selected, wintering migratory waterfowl habitat losses could occur 

in seven of the eleven reaches.  The following discussion, which is conceptual, is intended to 

provide examples of how intensively managing wintering waterfowl habitat can both increase 

foraging habitat for wintering waterfowl and meet their broader ecological requirements. 

         

Reforestation 

Reforestation is the Service's preferred mitigation technique for several reasons:  1) Reforestation 

constitutes an ecosystem approach to replacing the waterfowl values that would be lost through 

project construction.  Instead of concentrating on implementing a mitigation feature aimed at 

primarily replacing the lost food values, reforestation would address all wintering waterfowl 

habitat requirements.  In this appendix we have used food as an index of waterfowl habitat needs.  

Waterfowl are not able to divide their world and habitat needs into such specific compartments.  

A bottomland hardwood forest ecosystem provides food and other waterfowl habitat needs such 

as courtship sites, protection from predators and adverse weather, resting and roosting areas, and 

isolation from human disturbance.  2)  Reforestation would provide a stable, low maintenance, 

high reliability mitigation feature.  These mitigation features are supposed to last for the 50 year 

project life.  Other mitigation techniques that would replace lost waterfowl food values, such as 
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moist soil management areas, would require periodic maintenance and/or active operation in 

order to provide the predicted food supply. With constantly changing funding priorities a "no 

maintenance-no operation-self sustaining" mitigation feature is much more reliable and cost 

effective.  3) The chance of successful waterfowl habitat value replacement is highest with 

reforestation.  Reforestation would create a system that would mimic the previously existing 

bottomland hardwood ecosystem, which historically had a proven record of providing high 

quality waterfowl habitat (Reinecke et al. 1989).  4) Application of the principles of landscape 

ecology dictates that we use reforestation as the primary mitigation technique.  The project area 

contains large blocks of agricultural land and few large blocks of forested habitat.  To establish 

ecosystem diversity, additional large blocks of forested habitat should be established by 

enlarging or connecting existing blocks. While meeting the goals of waterfowl, reforestation of 

large tracts of bottomland hardwood forests could also meet the needs of neotropical migratory 

birds many of which are declining (Hunter et al. 1993).  Other management techniques would 

not benefit neotropical migratory birds.  5) Reforestation would also offset terrestrial and 

wetland losses.  6) Reforestation of the floodplain would offset losses to fishes that use such 

habitats for spawning, foraging, or as nurseries.  7) Reforestation would take irrigated agriculture 

out of production, thus lessening the demand on the aquifer.  8) Reforestation of marginal 

agricultural (farmed wetlands) or other cleared lands is easily accomplished.  Actions required 

include direct seeding or planting seedlings and other activities ranging from extensive mowing 

and fertilization to only seed bed preparation. 

 

Reforested mitigation areas should be subject to frequent and sustained winter flooding 18 inches 

deep or less.  Forest stand composition should intentionally favor, but not be exclusively 
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composed of, heavy seeded species dominated by red oaks for maximum benefits to wintering 

waterfowl.  Table 13 shows the potential mitigation acres that would be required for the four 

structural flood control plans that result in a loss of DUD.  For example, if a mitigation site was 

reforested and contained at least 30% red oaks then the acres required (assuming 503 DUD/acre) 

to mitigate for impacts associated with Alternative FC3A would be as follows: 482,948 DUD 

lost and 960 acres required to offset impacts. Through the use of water control structures, moist 

soil and rice fields could be used to offset impacts resulting from project construction, and 

further reduce the mitigation acres required.  However, costly and intensive management would 

be required to achieve desired results with these two methods and the multiple benefits of 

reforestation mentioned above would not be realized.  Benefits from reforestation could be 

expected immediately due to the presence and availability of native moist soil plants in the newly 

planted "forest" and would gradually change to those benefits associated with forests dominated 

by red oaks and the associated invertebrate community. 

 

Based on costs developed by the Service and the Corps, seed bed preparation for either direct 

seeding or planting seedlings amounts to approximately $10 per acre using a bush-hog or $20 per 

acre using a disc (Mr. John Kaiser, Vicksburg District Corps, pers. comm.; Eric Johnson, 

USFWS, Cache River NWR, pers. comm.).  Depending upon the availability of seeds or 

seedlings, planting costs are approximately $130 per acre.  Bare root seedlings, purchased in lots 

of 100,000 or more, cost $195 per thousand; containerized seedlings cost $298 per thousand.  

Annual operation and maintenance costs vary from $1 to $20 per acre depending on the intensity 

of management efforts. 
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TABLE 6.   DUCK USE DAYS AVAILABLE FOR BASELINE CONDITIONS (INCLUDES ALTERNATIVE FC1 OF NO ACTION)      
                       Total DUD/ Total  
Land Use      Percent Land Use            Acres           Acres acre DUD  

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R1 R2 R3 R4 R5 R6 * R7 R8 R9 R10 R11     
Fallow 
Fields 7 8 14 17 9 9 2 2 6 7 9 29 162 29 52 74 107 6 130 16 42 103 751 853 640,212  

Rice 14 7 3 11 18 3 4 6 6 11 12 60 139 6 36 156 38 13 456 15 65 134 1,120 131 146,676  

Soybeans 15 15 15 34 26 10 8 9 49 44 41 64 303 32 105 219 129 29 666 124 271 451 2,394 121 289,678  
Crop 
Subtotal 36 31 32 62 53 22 14 17 61 61 63 153 604 68 193 450 274 48 1,253 155 377 689   1,076,566  

BLH 52 61 63 30 31 73 16 23 30 28 31 221 1,206 135 93 260 910 56 1,688 77 173 343 5,162 474 2,446,631 *** 
Acres 
Subtotal            374 1,810 203 287 711 1,184 104 2,941 232 550 1,032   3,523,197  

Other ** 12 8 5 8 16 5 70 60 9 11 6 51 158 11 25 137 62 246 4,346 23 68 66 5,193 0 0  

Total Acres            425 1,968 213 312 847 1,246 351 7,287 255 617 1,097   3,523,197  
                           
* Bayou Two Prairie was removed from the flood control plan therefore these values remain constant for all alternatives.     
** "Other" includes cotton, bare soil, water, urban, private greentree reservoirs, and the Bayou Meto WMA.  For the purposes     
of this assessment, the latter two were assigned a value of zero DUD/acre due to their hydrologic disconnect from the       
natural flood regime or because they will benefit from a reduced flood regime.  The actual values of these habitats to waterfowl      
are addressed by Heitmeyer 2005.                     
*** The DUD/acre value of BLH reflects the fact that 10% of existing forests do not contain at least 30% red oak composition.     
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TABLE 7.   DUCK USE DAYS AVAILABLE FOR ALTERNATIVE FC2                          
                        Total DUD/ Total  
Land Use         Percent Land Use              Acres         Acres acre DUD  

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11  R1 R2 R3 R4 R5 R6* R7 R8 R9 R10 R11     
Fallow 
Fields 7 8 14 17 9 9 2 2 6 7 9  29 162 23 30 51 107 6 119 14 42 93 676 853 576,694  

Rice 14 7 3 11 18 3 4 6 6 11 12  60 139 5 21 107 38 13 417 13 65 121 1,000 131 130,964  

Soybeans 15 15 15 34 26 10 8 9 49 44 41  64 303 26 61 151 129 29 608 109 271 408 2,158 121 261,067  
Crop 
Subtotal 36 31 32 62 53 22 14 17 61 61 63  153 604 54 112 309 274 48 1,144 136 377 622   968,724  

BLH 52 61 63 30 31 73 16 23 30 28 31  221 1,206 108 54 179 910 56 1,541 68 173 310 4,824 474 2,286,655 *** 
Acres 
Subtotal             374 1,810 162 166 488 1,184 104 2,685 204 550 932   3,255,380  

Other ** 12 8 5 8 16 5 70 60 9 11 6  51 158 9 15 94 62 246 3,968 20 68 59 4,750 0 0  
Total 
Acres             425 1,968 170 181 581 1,246 351 6,654 224 617 991   3,255,380  
                            
* Bayou Two Prairie was removed from the flood control plan therefore these values remain constant for all alternatives.    
** "Other" includes cotton, bare soil, water, urban, private greentree reservoirs, and the Bayou Meto WMA.  For the purposes    
of this assessment, the latter two were assigned a value of zero DUD/acre due to their hydrologic disconnect from the      
natural flood regime or because they will benefit from a reduced flood regime.  The actual values of these habitats to waterfowl     
are addressed by Heitmeyer 2005.                      
*** The DUD/acre value of BLH reflects the fact that 10% of existing forests do not contain at least 30% red oak composition.    
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TABLE 8.   DUCK USE DAYS AVAILABLE FOR ALTERNATIVE FC2A                          
                        Total DUD/ Total  
Land Use         Percent Land Use              Acres         Acres acre DUD  

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11  R1 R2 R3 R4 R5 R6* R7 R8 R9 R10 R11     
Fallow 
Fields 7 8 14 17 9 9 2 2 6 7 9  29 162 23 30 51 107 6 119 14 42 93 675 853 575,969  

Rice 14 7 3 11 18 3 4 6 6 11 12  60 139 5 20 107 38 13 417 13 65 121 999 131 130,823  

Soybeans 15 15 15 34 26 10 8 9 49 44 41  64 303 26 60 150 129 29 608 109 271 408 2,156 121 260,821  
Crop 
Subtotal 36 31 32 62 53 22 14 17 61 61 63  153 604 54 110 307 274 48 1,144 136 377 622   967,614  

BLH 52 61 63 30 31 73 16 23 30 28 31  221 1,206 108 53 178 910 56 1,541 68 173 310 4,822 474 2,285,655 *** 
Acres 
Subtotal             374 1,810 162 163 484 1,184 104 2,685 204 550 932   3,253,268  

Other ** 12 8 5 8 16 5 70 60 9 11 6  51 158 9 14 93 62 246 3,968 20 68 59 4,750 0 0  

Total Acres             425 1,968 170 178 577 1,246 351 6,654 224 617 991   3,253,268  
                            
* Bayou Two Prairie was removed from the flood control plan therefore these values remain constant for all alternatives.    
** "Other" includes cotton, bare soil, water, urban, private greentree reservoirs, and the Bayou Meto WMA.  For the purposes    
of this assessment, the latter two were assigned a value of zero DUD/acre due to their hydrologic disconnect from the      
natural flood regime or because they will benefit from a reduced flood regime.  The actual values of these habitats to waterfowl     
are addressed by Heitmeyer 2005.                      
*** The DUD/acre value of BLH reflects the fact that 10% of existing forests do not contain at least 30% red oak composition.    
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TABLE 9.   DUCK USE DAYS AVAILABLE FOR ALTERNATIVE FC3A WITH LOSSES COMPARED TO BASELINE CONDITIONS  
                        Total DUD/ Total  
Land Use         Percent Land Use              Acres         Acres acre DUD  

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11  R1 R2 R3 R4 R5 R6* R7 R8 R9 R10 R11     
Fallow 
Fields 7 8 14 17 9 9 2 2 6 7 9  29 162 23 30 51 107 4 94 14 42 93 648 853 553,051  

Rice 14 7 3 11 18 3 4 6 6 11 12  60 139 5 20 107 38 9 329 13 65 121 907 131 118,826  

Soybeans 15 15 15 34 26 10 8 9 49 44 41  64 303 26 60 150 129 20 481 109 271 408 2,019 121 244,272  
Crop 
Subtotal 36 31 32 62 53 22 14 17 61 61 63  153 604 54 110 307 274 33 905 136 377 622   916,148  

BLH 52 61 63 30 31 73 16 23 30 28 31  221 1,206 108 53 178 910 38 1,218 68 173 310 4,481 474 2,124,101 *** 
Acres 
Subtotal             374 1,810 162 163 484 1,184 70 2,123 204 550 932   3,040,249  

Other ** 12 8 5 8 16 5 70 60 9 11 6  51 158 9 14 93 62 167 3,137 20 68 59 3,839 0 0  
Total 
Acres             425 1,968 170 178 577 1,246 237 5,260 224 617 991   3,040,249  
                            
* Bayou Two Prairie was removed from the flood control plan therefore these values remain constant for all alternatives.    
** "Other" includes cotton, bare soil, water, urban, private greentree reservoirs, and the Bayou Meto WMA.  For the purposes    
of this assessment, the latter two were assigned a value of zero DUD/acre due to their hydrologic disconnect from the      
natural flood regime or because they will benefit from a reduced flood regime.  The actual values of these habitats to waterfowl     
are addressed by Heitmeyer 2005.                      
*** The DUD/acre value of BLH reflects the fact that 10% of existing forests do not contain at least 30% red oak composition.    
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TABLE 10.   DUCK USE DAYS AVAILABLE FOR ALTERNATIVE FC3B                        
                        Total DUD/ Total  
Land Use         Percent Land Use              Acres           Acres acre DUD  

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11  R1 R2 R3 R4 R5 R6* R7 R8 R9 R10 R11     
Fallow 
Fields 7 8 14 17 9 9 2 2 6 7 9  29 162 23 30 51 107 3 77 14 42 93 630 853 537,722  

Rice 14 7 3 11 18 3 4 6 6 11 12  60 139 5 20 107 38 7 269 13 65 121 845 131 110,718  

Soybeans 15 15 15 34 26 10 8 9 49 44 41  64 303 26 60 150 129 16 393 109 271 408 1,927 121 233,186  
Crop 
Subtotal 36 31 32 62 53 22 14 17 61 61 63  153 604 54 110 307 274 26 740 136 377 622   881,626  

BLH 52 61 63 30 31 73 16 23 30 28 31  221 1,206 108 53 178 910 30 996 68 173 310 4,251 474 2,015,197 *** 
Acres 
Subtotal             374 1,810 162 163 484 1,184 57 1,736 204 550 932   2,896,822  

Other ** 12 8 5 8 16 5 70 60 9 11 6  51 158 9 14 93 62 134 2,565 20 68 59 3,233 0 0  
Total 
Acres             425 1,968 170 178 577 1,246 190 4,301 224 617 991   2,896,822  
                            
* Bayou Two Prairie was removed from the flood control plan therefore these values remain constant for all alternatives.    
** "Other" includes cotton, bare soil, water, urban, private greentree reservoirs, and the Bayou Meto WMA.  For the purposes    
of this assessment, the latter two were assigned a value of zero DUD/acre due to their hydrologic disconnect from the      
natural flood regime or because they will benefit from a reduced flood regime.  The actual values of these habitats to waterfowl     
are addressed by Heitmeyer 2005.                      
*** The DUD/acre value of BLH reflects the fact that 10% of existing forests do not contain at least 30% red oak composition.    
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TABLE 11.   DUCK USE DAYS AVAILABLE FOR ALTERNATIVE FC6 *                         
                        Total DUD/ Total   
Land Use         Percent Land Use              Acres           Acres acre DUD   

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11  R1 R2 R3 R4 R5  R6 R7 R8 R9 R10 R11      

Fallow Fields  7 8 14 17 9 9 2 2 6 7 9  29 162 29 52 74 107 6 130 16 42 103 751 853 640,212   

Rice  14 7 3 11 18 3 4 6 6 11 12  60 139 6 36 156 38 13 456 15 65 134 1,120 131 146,676   

Soybeans  15 15 15 34 26 10 8 9 49 44 41  64 303 32 105 219 129 29 666 124 271 451 2,394 121 289,678   
Crop 
Subtotal * 36 31 32 62 53 22 14 17 61 61 63  153 604 68 193 450 274 48 1,253 155 377 689   1,076,566   
BLH 
(existing) 52 61 63 30 31 73 16 23 30 28 31  221 1,206 135 93 260 910 56 1,688 77 173 343 5,162 474 2,446,631   
Acres 
Subtotal             374 1,810 203 287 711 1,184 104 2,941 232 550 1,032   3,523,197   

Other 12 8 5 8 16 5 70 60 9 11 6  51 158 11 25 137 62 246 4,346 23 68 66 5,193 0 0   
Reforestation 
* 36 31 32 62 53 22 14 17 61 61 63  154 614 68 195 453 273 49 1,231 155 375 689 4,256 503 2,140,828   

Total Acres             579 2,582 282 506 1,300 1,519 400 8,519 410 993 1,786      
                             
                   Total existing forest and reforested value 4,587,459   
                       Existing crop value 1,076,566   
                        Final value 3,510,893   
                             
* This alterative would consists wholly of non-structural flood damage reduction in the form of reforestation of 15,140 acres of the pre-project   
two year floodplain.  We maximized the potential reforestation within the "waterfowl scene" by assuming that all fallow fields, rice, and soybeans      
within this scene would be reforested (4,256 acres).  Due to the high food value of fallow fields, this reforestation would actually result in a small loss of DUD.    
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TABLE 12.  GAINS OR LOSSES IN DUCK-USE-DAYS FOR EACH 
FLOOD CONTROL ALTERNATIVE COMPARED TO BASELINE  
CONDITIONS     
      
Alternative DUD Baseline DUD Change in DUD     

FC1 3,523,197 3,523,197 0   

FC2 3,255,380 3,523,197 -267,817   

FC2A 3,253,268 3,523,197 -269,929   

FC3A 3,040,249 3,523,197 -482,948   

FC3B 2,896,822 3,523,197 -626,375   

FC6 3,510,893 3,523,197 -12,304   
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Average Annual Benefits 

 

Mitigation values achieved would vary depending on the cover type established.  Average annual duck-use-

days/acre within the project area could be expected to range from 1,706 DUD/acre for a moist soil area 

exclusively devoted to wintering waterfowl to 503 DUD/acre for reforested bottomland hardwoods with at 

least 30 percent red oak composition to 121 DUD/acre for a flooded harvested soybean field that has not 

been fall plowed or burned.  Potential mitigation acres required for various alternatives and land 

management schemes are shown in Table 13. 

 

In addition to food values, other benefits to wintering waterfowl would also be realized from the 

establishment or enhancement of forested wetlands.  Benefits would include isolation for pair bonding, 

better protection from disturbance and harassment than in more open areas, and protection from predation 

and extremes in weather conditions. 

 

Unquantified benefits resulting from establishment of more dependable wintering waterfowl foraging 

habitat accrue to the whole range of resident and migratory species attracted to wetlands as well as overall 

wetland functional values.  Not intended as all inclusive, the list of fauna benefiting would include resident 

aquatic furbearers, resident and migrant shore and water birds, insectivorous and granivorous neotropical 

migratory birds, native amphibians and reptiles, and the broad range of resident game and nongame birds 

and mammals known to inhabit forested wetlands and herbaceous wetlands (such as moist soil areas). 

Other functional wetland values attributable to reforested areas include flood water storage, improved water 

quality, ground water recharge, esthetics, and scientific study opportunities.  Additionally, economic 

benefits resulting from crop damage reduction, added outdoor recreation opportunities, and the harvest of 
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timber and other wood products could offset economic losses resulting from instances where existing 

agricultural practices/leases might have to be modified. 

     

CONCLUSIONS 

 

Implementation of purely structural flood control features (e.g., Alternatives FC2-FC3B) would result in 

adverse impacts to migratory waterfowl wintering habitat.  Losses would occur both on private and public 

lands and would be evident in seven of eleven hydrological reaches.  Project alternatives that reduce the 

extent, duration, and frequency of winter water are of concern to the Service.  The no action plan would 

result in no loss of DUD while Alternative FC6 would result in a small loss of 12,304 DUD.   This 

nonstructural alternative, while resulting in small loss of DUD from a caloric standpoint, would provide 

multiple unquantifiable benefits to many species and reduce flood damages on frequently flooded farmland.      

 

The purpose of this appendix was threefold: first, to identify the relative importance of the general project 

area in terms of historic trends in wetlands and wintering waterfowl; secondly, to document existing 

(baseline) wintering waterfowl carrying capacity in the project area, and thirdly, to document project 

induced impacts by comparing future with and without-project conditions using food as an index of carrying 

capacity expressed in terms of duck-use-days (DUD).   However, quantifying food availability and 

consumption by waterfowl in shallow water (18 inches deep or less) represents only one facet of waterfowl 

biology and only part of waterfowl habitat requirements.  The availability of winter water at depths greater 

than 18 inches and for other uses, i.e., loafing and pair bonding, is equally important and should be 

considered when selecting a plan that could reduce the extent of wintering waterfowl habitat.   
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Table 13.  PLANS THAT RESULT IN A LOSS OF DUCK-USE-DAYS AND THE 
POTENTIAL MITIGATION ACRES REQUIRED UNDER VARIOUS 
MANAGEMENT OPTIONS  
    Management Schemes    

  Moist Soil  Soybean  
≥ 30% Red 
Oak 

  acres @  
Rice acres 
@ acres @ 

BLH acres 
@  

Alternative 
Loss of 
DUD 

1,706 
DUD/ac 

131 
DUD/ac 

121 
DUD/ac 

503 
DUD/ac  

FC1* 0 0 0 0 0  

FC2 267,817 157 2,044 2,213 532  

FC2A 269,929 158 2,061 2,231 537  

FC3A 482,948 283 3,687 3,991 960  

FC3B 626,375 367 4,781 5,177 1,245  

FC6** 12,304 7 94 102 24  
       
* FC1 represents the "no action" alternative, therefore no mitigation is 
recommended.  
** FC6 represents the "non-structural" alternative which would result in a loss of 
12,304 DUD due to the reforestation (503 DUD/acre) of fallow fields (853 
DUD/acre). 
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SHOREBIRDS 
 

Introduction 

Wetland management efforts have historically been focused primarily on waterfowl, but in the 

1990’s shorebirds (Aves: Charadriiformes) and other nongame waterbirds have become increasingly 

appreciated by the public and subsequently wetland management efforts have expanded to include 

them (Helmers 1992).  Although data are limited, significant population declines in most shorebird 

populations are evident (Helmers 1993).  The North American Waterfowl Management Plan, a large 

scale multi-organization wetland management effort, has incorporated shorebirds into its 

management strategies (Helmers 1992, 1993; Streeter et al. 1993).  The study area falls within the 

review of the Mississippi Alluvial Valley (MAV) Migratory Bird Initiative, which identifies habitat 

goals for migratory birds including shorebirds (Loesch et al. 2000).  The well being of shorebirds 

has been compromised by wetland losses, hydrologic alterations due to stream channelization and 

flood control efforts, human development, and environmental contaminants.  Shorebirds include a 

diverse assemblage of birds that breed, migrate, and winter throughout the Bayou Meto basin.  

Thirty-six species of shorebirds occur in Arkansas on a regular basis, nearly all of which have been 

observed in the project area, and several more species have been observed in isolated instances 

(James and Neal 1986). 

 

American Woodcock (Scolopax minor) and the Black-necked Stilt (Himantopus mexicanus) may 

breed in the project area.  However, the only species of shorebird that has been documented to breed 

in this part of the state is the Killdeer (Charadrius vocerifus).  This species is thriving in the area and 

has adapted well to modern land uses.  Killdeer are anticipated to maintain relatively stable 

populations in the foreseeable future.   
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Killdeer and Wilson’s Snipe (Gallinago delicata) are common throughout the winter whereas 

yellowlegs (Tringa spp.) and Calidrid sandpipers (Calidris spp.) are consistently present, but less 

abundant.  Shorebird densities were greater in soybean fields than in rice fields and moist soil units 

from November to January (Twedt et al. in press).  During February and March, shorebird densities 

in soybean and rice fields were similar, but greater than in moist soil units. 

 

Seasonal Movements 

Spring--It is usually wet during spring and flooded habitat is abundant.  Shorebirds are most often 

observed on mudflats and on rice fields with little cover.  More than 70 percent of shorebirds are 

associated with areas having water approximately two inches deep.  Black-necked Stilts and 

yellowlegs (Tringa flavipes and T. melanoleuca) are associated with water deeper than two inches.  

Whereas, Killdeer, Pectoral Sandpipers (Calidris melanontos), and many of the smaller species were 

commonly observed on mudflats.  In northeastern Louisiana, Ouchley (1992) observed shorebirds 

most often on shallow flooded areas with little cover, such as rice fields with little post-harvest 

residue.  Flooding fields with about two inches of water is most beneficial to shorebirds, but deeper 

flooding is also beneficial if shallow water edge habitat is associated with the flood regime.   

 

Summer—Suitable shorebird habitat in late summer is limited, with most of the habitat being 

provided by moist soil areas on national wildlife refuges.  High species diversity and abundance of 

shorebirds during July, August, and early September underscore the need for shallow flooded habitat 

during summer.  However, excess summer water is usually not available and flooding is not 

compatible with agricultural practices during this time.  Suitable stopover habitat, particularly during 

the late summer is likely a limiting factor for shorebird populations that migrate through the 

Mississippi Alluvial Valley (Helmers 1992). 
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Fall/Winter—Intensive management of small areas can provide valuable fall and winter shorebird 

habitat.  Rice fields and plowed fallow fields provide shorebird habitat from early fall through early 

winter.  Rolling or lightly discing rice fields tends to break down stubble, increasing their value to 

shorebirds.  Drawn-down impoundments (including aquaculture ponds), with exposed mudflats and 

little cover, seem to attract more fall migrants than disced fields.  Higher shorebird use of flooded 

soybean fields may be due to sparse vegetation cover and looser textured soil surface; these 

characteristics probably increase invertebrate productivity.  Soybean is one of the most widely 

planted crops in the MAV, but soybean fields are not usually artificially flooded during winter.  The 

opportunity exists to greatly increase shorebird winter habitat by artificially flooding soybean fields. 

 

Many species of shorebirds migrate from Arctic breeding grounds to Central and South American 

wintering grounds with a major migration corridor passing through the MAV (Helmers 1992).  Some 

shorebirds migrate up to 7,500 miles between their breeding and wintering areas.  To migrate 

successfully, shorebirds require highly productive stopover sites where they can efficiently forage to 

replenish fat reserves.  They typically require habitat with an abundance of invertebrates that is 

either shallowly flooded (< four inches) or comprised of mudflats.  This habitat can be provided by 

impounding water on agricultural fields and moist soil units and by drawing down reservoirs in a 

timely fashion (Twedt et al. in press).  Most species of shorebirds avoid wooded wetlands although 

they may use suitable openings in them occasionally.   

 

Shorebird Behavior   
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Cotton, soybean, and rice are the three most common crops within the MAV (Bellow and Graham 

1992).  Flooded cotton fields offer only limited benefits to shorebirds; however, rice and soybean are 

used extensively by wintering and migrating shorebirds (Twedt and Nelms 1995).   

 

Diurnal observations were made of behavior of flocks of birds using rice, soybean, and moist-soil 

habitats in Arkansas and Mississippi (Twedt and Nelms 1995).  Specifically, behavior of flocks of 

Wilson’s Snipe and yellowlegs were compared among habitats and among seasonal periods during 

winter and early spring.  Study areas included the Lower Yazoo River basin in Mississippi and the 

Grand Prairie in Arkansas.  During the winters of 1991-92 and 1992-93, sixty fields, 20 of each 

habitat type, were selected from landowners enrolled in cooperative “private lands” projects 

supplemented with eight moist-soil habitats which were not under cooperative agreements but on 

which water was managed during winter. 

 

Beginning November 15 of both winters, flocks of specific bird species were observed on selected 

fields twice during each of nine consecutive two-week periods and once during each of three 

additional consecutive two-week periods.  If the selected fields did not have bird flocks present, the 

next flock of birds was observed in the appropriate habitat encountered.  Observations were made 

systematically on randomly selected dates (within each period) beginning at randomly selected 

times, but all observations were diurnal.  During each visit scan-sampling was used to record the 

behavior of all individuals within small flocks (six bird minimum flock size) or the first 200 

individuals encountered in large flocks.  Behaviors were recorded as: feeding, moving, resting, 

flying, alert, social, and other.  Before statistical analysis, the proportions of the four primary 

behaviors; feeding, resting, moving, and alert; within each flock were subjected to arcsine 

transformation (Zar 1984).  Also the twelve two-week observation periods were equally grouped in 
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four seasons: early winter, mid winter, late winter, and spring.  For Wilson’s Snipe and yellowlegs, a 

separate multivariate analysis of variance (MANOVA) was performed on the transformed behavioral 

proportions of flocks to examine differences among habitats or in all seasons, comparisons were 

only made where representative date were available.  Seasonal comparisons for snipe and yellowlegs 

were between the aggregate of all winter periods and spring.  Additionally, snipe behaviors were 

only compared between rice and soybean habitats.   

 

Thirty-three Wilson’s Snipe flocks with a mean flock size of 24 birds and 29 yellowlegs flocks with 

a mean of 22 birds per flock were observed (Twedt and Nelms 1995).  Preliminary analyses indicate 

that the interaction of habitat and season did not significantly impact the analyses for either Wilson’s 

Snipe or yellowlegs and was removed from these MANOVA.  No significant differences were 

detected among habitats for either snipe or yellowlegs.  However, significant differences in behavior 

were detected between winter and spring seasons for both snipe and yellowlegs in preliminary 

analyses.  Greater proportions of both snipe flocks and yellowlegs flocks moved during winter than 

during spring.  Additionally, snipe flocks had a greater proportion of individual feeding during 

spring than during winter.  Increased feeding behavior of snipe flocks during late winter and spring 

may be the result of hyperphagia to develop fat deposits for northward migration and subsequent 

breeding.  Alternatively, this increase in feeding behavior may be a response to diminished food 

resources on areas depleted earlier in the winter. 
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