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District Engineer 
Attn: Planning, Environmental, and Regulatory Division 
U.S. Army Corps of Engineers 
1645 South 101st East Avenue 
Tulsa, Oklahoma 74128-4609 
 
Dear Colonel Kurka: 
 
This document transmits the U.S. Fish and Wildlife Service's (Service) biological opinion 
(opinion) pursuant to section 7 of the Endangered Species Act of 1973 (ESA), as amended (16 
U.S.C. 1531 et seq.).  This joint U.S. Army Corps of Engineers (Corps) and Southwestern Power 
Administration (SWPA) action involves operating multipurpose projects on the Red River from 
Lake Texoma to Index, Arkansas, the Canadian River from Eufaula Lake to the Arkansas River 
confluence, and all of the McClellan Kerr Arkansas River Navigation System (MKARNS) 
excluding Grand Lake.  The Corps is the lead Federal agency for this consultation. 
 
The Service has reviewed the recent information provided by the Corps for the Grand Lake 
portion of the MKARNS.  We agree that, with modifications proposed by the Corps, Phase I and 
II of the Arkansas River Navigation Study (ARNS) are not likely to significantly affect Corps 
operations at that reservoir.  Although the ARNS may not increase the frequency of flooding 
within gray bat Myotis grisescens maternity caves, the existing Corps flood control operations at 
Grand Lake occasionally flood these caves and may flood Neosho madtom Noturus placidus 
habitat upstream.  It is unlikely that flood control operations could be sufficiently altered to 
completely avoid adverse effects to federally-listed species, and formal consultation regarding 
these operations likely will be required to comply with section 7 of the ESA.  However, we agree 
with your request to delay this consultation until appropriate data can be obtained regarding 
potential impacts to listed species at that reservoir.  We continue to recommend that this 
consultation include the Federal Energy Regulatory Commission, because some of their ongoing 
and future actions (such as hydropower generation and a potential new rule curve) are 
interrelated with the Corps flood control operations at Grand Lake.  We agree that a separate 
consultation would allow time for necessary studies to be conducted at Grand Lake and allow the 
consultation on the remainder of the proposed action to continue on schedule.  However, until 
that consultation is completed, the Corps currently has no exemption from section 9 of the ESA 
for take related to flood control operations at Grand Lake.
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At least seventeen federally-listed species occur in or near the Action Area.  The Corps 
determined in their Biological Assessment (BA) that only four are likely to be affected by the 
proposed action (when the Grand Lake portion is excluded).  The Service concurs with the 
Corps’ determination that the endangered American burying beetle Nicrophorus americanus 
(ABB) and interior population of the least tern Sterna antillarum (hereafter referred to as least 
tern) may be affected by the proposed action.  The Corps has agreed to incorporate actions 
recommended by the Service to minimize adverse effects to these species, but adverse effects to 
the ABB and least tern are not completely avoided by the proposed action. 
 
Information related to potential project-related impacts for the remaining two of these four 
species is limited.  Potential impacts to the threatened bald eagle Haliaeetus leucocephalus 
related to contaminants in the dredged material cannot be fully assessed until testing of 
sediments to be dredged is completed and the status of the endangered pallid sturgeon 
Scaphirhynchus alba in the Action Area is unknown. There are no records of the species 
occurring in the Action Area, but the Service agrees that pallid sturgeon could occur there.  The 
Service agrees that the proposed action may affect both the bald eagle and pallid sturgeon, but 
based on the existing information, we would support a “not likely to adversely affect” 
determination for both species.  The preliminary contaminants information for sediments does 
not suggest impacts to bald eagles are likely and the proposed changes in flows are unlikely to 
affect potential pallid sturgeon habitat.  Therefore, the bald eagle and pallid sturgeon will not be 
addressed in this consultation.  While the Service does not anticipate that the proposed project 
would impact these species, if new information indicates the contrary, then the Corps should 
reinitiate consultation. 
 
The Ivory-billed woodpecker Campephilus principalis was recently discovered in or near 
portions of the Action Area after the BA was prepared and was not addressed in the BA.  The 
Corps has determined that the proposed action is not likely to adversely affect the Ivory-billed 
woodpecker and we concur with that determination, but we invite the Corps to assist in recovery 
actions for this species. 
 
This opinion emphasizes anticipated effects of the proposed action on the least tern and is based 
on the best available scientific and commercial information, including the Corps BA, Service 
files, pertinent literature, discussions with recognized species authorities, and other reliable 
sources.  A complete administrative record of this consultation is on file in the Oklahoma 
Ecological Service’s Field Office (OKES) in Tulsa. 

 
 

CHRONOLOGY OF SECTION 7 EVENTS/CONSULTATION HISTORY 
 
The Corps has been attempting to operate Kaw and Keystone Reservoirs on the Arkansas River 
in Oklahoma under the provisions of a biological opinion completed on March 16, 1998.  Since 
that time, incidental take has been exceeded in at least two years and some terms and conditions 
in the biological opinion have not been fully implemented.  After several meetings and review of 
operating conditions for the Arkansas River with respect to terms and conditions established in 
the 1998 opinion, the Corps decided to reinitiate consultation. 
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In August 1998, the Service also requested the Corps initiate section 7 consultation for Corps 
actions on the Canadian River below Eufaula Reservoir and the Red River below Denison Dam. 
The Corps agreed in their November 6, 1998, letter and two BAs concluding a “may affect” 
determination were subsequently prepared and provided by the Corps.  Additional information 
was requested by the Service for both BAs.  After reviewing the proposed action, the Corps and 
Service agreed to combine the ongoing consultations on the Red, Arkansas, and Canadian 
Rivers. 
 
The combined proposed action now includes two additional studies that would impact federally-
listed species.  The first study is the ARNS, which initially consisted of two phases.  Phase I 
would have addressed system operations of the MCKARNS, and Phase II would address 
proposed channel modifications. The second study involves revising the Dredge Material 
Disposal Management Plan for the Oklahoma portion of the MCKARNS.  The Corps also 
formed a multi-agency Least Tern Committee in 2002 to develop and provide comprehensive 
guidelines for management and protection of least terns nesting below Corps water resource 
projects on the Arkansas, Canadian, and Red Rivers. These management guidelines and 
strategies have been implemented by the Corps and are now part of the proposed action. 
 
A chronology of previous section 7 consultation activities prior to 1998 on the Arkansas River 
system in Oklahoma can be found in the Service’s opinion dated March 16, 1998.  This opinion 
provides a history of all activities and correspondence from the start of informal consultation in 
1986 to issuance of the opinion in 1998.  The following is an update of all events and issues with 
respect to the consultation since issuance of the 1998 opinion for the Arkansas River: 
 

• August 11, 1998. Service letter to Corps requesting Corps initiate formal consultation and 
begin efforts to minimize adverse effects on the Interior least tern at Corps projects on the 
Canadian and Red Rivers. 

• November 6, 1998. Corps letter to Service agreeing that Corps would survey Red and 
Canadian rivers in 1999 and use the information to prepare a BA. 

• March 13, 2001. Corps study plan for nesting habitat evaluation furnished to Service. 
This study plan would initiate implementation of Reasonable and Prudent Measure No. 5 
of the 1998 opinion. 

• March 15, 2001. Corps letter to Service stating that the Tulsa District has and will assume 
the lead responsibility for any future consultation on the operation of Kaw and Keystone 
per Memorandum of Understanding (MOU) dated July 23, 1980, signed by the 
Administrator, SWPA and the Corps Division Engineer, Southwestern Division. The 
MOU states, “The administrator recognizes the Corps responsibility to operate the 
projects to serve all authorized functions including power.” 

• April 20, 2001. Interagency meeting between Service, Corps, SWPA, and U.S. 
Department of Interior (DOI), Office of the Field Solicitor. The meeting was conducted 
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to resolve agency differences with respect to compliance with the ESA, section 7 
consultation requirements, and ways to improve communication among the agencies. 

• May 31, 2001. Service letter notifying Corps and SWPA that they should avoid and 
minimize “take” related to operation of projects on the Canadian and Red rivers and 
should reinitiate consultation for the Arkansas River projects. 

• July 02, 2001. Corps submitted a “may affect” BA to Service on the effects of operating 
Denison Dam on the Red River and requested initiation of formal section 7 consultation. 

• August 14, 2001. Service letter acknowledging receipt of the BA for the operation of 
Denison Dam on the Red River and concurring with the findings. The Service requested 
additional information on the Corps proposed actions to allow development of an 
accurate assessment of potential take and appropriate recommendations to avoid or 
minimize take. 

• December 18, 2001. Letter from the Corps submitting their BA to Service concerning the 
effect of operating Eufaula Dam for its federally authorized purposes on the least tern and 
request for initiation of formal section 7 consultation. 

• January 30, 2002.  Service letter requesting additional information regarding the 
proposed action and cumulative effects related to the Eufaula Project. 

• February – June 2002.  A team was established to develop least tern management 
guidelines for the Tulsa District.  The guidelines were implemented during the 2002-2003 
least tern nesting season. 

• November 20, 2002.  A meeting was held between Corps and Service staff to discuss 
combining the section 7 consultations for projects on the Red, Canadian, and Arkansas 
Rivers. 

• March 10, 2003.  Corps letter notifying the Service of their intent to prepare a revised BA 
to include all projects on the three river systems. 

• April 22, 2003.  Service letter supporting the Corps proposal to prepare a BA regarding 
operation of multi-purpose projects in all three river systems and reminding the Corps 
and SWPA of obligations to avoid and minimize take until the consultation was 
completed. 

• July 30, 2003.  Corps letter to the Service requesting an official list of federally-listed 
species within the designated action areas. 

• August 28, 2003.  Service letter updating the list of species previously provided to the 
Corps in a planning assistance report for the ARNS dated April 2, 2001. 

• November 20, 2003.  Corps letter transmitting the BA to the Service. 
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• December 17, 2003.  Service letter providing comments on the BA and requesting 
additional information. 

• April 22, 2004.  Corps letter to the Service requesting a modification of the proposed 
action to exclude operations at Grand Lake. 

• May 5, 2004.  Service letter to the Corps agreeing to modify the proposed action and 
requesting a description of the modified action and recommending that impacts at Grand 
Lake be addressed in a separate consultation. 

• July 7, 2004.  Corps letter to the Service describing the modified action at Grand Lake. 

• August 12, 2004.  Draft biological opinion provided to the Corps. 

• September 30, 2004.  Corps letter to the Service providing comments on the draft opinion 
and describing a change in the proposed action to incorporate standard practices to 
minimize take of ABBs. 

• February 11, 2005.  A revised draft biological opinion and transmittal letter provided to 
the Corps. 

• May 17, 2005. Meeting with Colonel Kurka to discuss the Corps’ comments on the draft 
biological opinion.  A letter dated May 16, 2005 providing written comments on the 
revised draft was hand delivered by the Colonel. 

Corps, Little Rock Chronology 
 
After meeting with the DOI and the Service in 1985, the Little Rock District entered into 
consultation pursuant to section 7 of the ESA for operations of the Arkansas portion of the 
MKARNS.  Mr. Fred Bagley of the Jackson, Mississippi Area Office of Region IV was the 
Service point of contact on this consultation.  Mr. Clyde Gates represented the Corps, Little Rock 
District. 
 
The consultation was initiated because the Arkansas River in Arkansas had been a historic 
nesting area for the least tern prior to construction of the navigation system.  The navigation 
system at that time consisted of a series of locks and dams, two lakes, and various revetments to 
better maintain a navigational channel.  As a result of the consultation, the Little Rock Corps 
developed a management plan that would protect and enhance nesting populations of the least 
tern on the navigation system in Arkansas.  The management plan was coordinated with the 
Arkansas Department of Natural Heritage, the Arkansas Game and Fish Commission, and the 
Corps’ Jackson Area office.  The management plan has been in effect since 1986, but has not 
been fully implemented.  The Corps failed to implement appropriate actions to avoid project-
related adverse effects to least terns recommended by the Service in a June 3, 1986, letter. 
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DESCRIPTION OF PROPOSED ACTION 
 
The proposed action is the operation and maintenance of Corps multi-purpose projects for 
portions of the Arkansas, Red, and Canadian Rivers in Oklahoma, Texas, and Arkansas.  The 
proposed action includes flood control, navigation, water supply, recreation, and hydropower 
operations (including SWPA operations).  The proposed action includes several proposed 
changes to existing operations, including the ARNS, and reallocation of water supplies in some 
reservoirs.  The least tern management guidelines for the Tulsa District of the Corps (appendix 
A) are included in the proposed action and the BA references a Least Tern Management Plan 
(appendix A) has been in effect for the Little Rock District since 1986.  A more complete 
description of the proposed action is provided in the BA (USACE 2003) and is incorporated by 
reference.  The proposed action described in the BA has been subsequently modified by the 
Corps to: 
 

1. Exclude and modify operations at Grand Lake in Oklahoma and initiate consultation for 
those operations at a later date. 

 
2. Incorporate standard actions (such as conducting surveys and baiting away) 

recommended by the Service to minimize take of the ABB. 
 
On September 30, 2004, the Corps submitted a letter of amendment to the BA.  This amendment 
addressed conservation measures that the Corps and SWPA have incorporated into their project 
implementation methods to minimize adverse impacts to the ABB. 
 
The following description of construction Best Management Practices (BMPs) for minimizing 
adverse effects to the ABB is included in the proposed action: 

1. The Corps will evaluate the likelihood of ABBs in the project area by reviewing the 
Service’s Oklahoma Ecological Services county list of Threatened & Endangered species at: 
<http://ifw2es.fws.gov/Oklahoma/ctylist.htm>. 

2. If the project site is in a county where the ABB is not believed to occur, the Corps will 
proceed without further precautions with regard to the ABB. 

3. If the project site is in a county where the ABB is known to occur, the Corps will evaluate the 
project area for ABB habitat.  If the project site is confined to one or more of the following 
habitats, the Corps will conclude that the habitat is not suitable for the ABB and proceed 
without further precautions with regard to the ABB. 

• Land that has already been developed and no longer exhibits surficial topsoil or 
leaf litter. 

• Land that is tilled on at least an annual basis. 

• Soil that is greater than 70 percent sand. 

• Soil that is greater than 70 percent clay. 

• Land where greater than 80 percent of the soil surface is comprised of rock. 

http://ifw2es.fws.gov/Oklahoma/ctylist.htm
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• Land where greater than 80 percent of the subsurface soil structure within the top 
4 inches is comprised of rock. 

• Land that meets the Corps definition of wetland.  (However, projects developed in 
this type of habitat will need to be reviewed by the Corps to ensure compliance 
with section 404 of the Clean Water Act.) 

4. Projects in areas that exhibit suitable habitat for the ABB, i.e., do not exhibit the above 
characteristics, will be evaluated by the Corps for the presence/absence of the ABB in the 
immediate project area.  This will be done by reviewing the Service’s database of ABB 
surveys at: <http://ifw2es.fws.gov/oklahoma/beetle1.htm>. 

5. If a nearby ABB survey (within a five-mile radius of the proposed construction site) is found, 
the Corps will apply the survey results to the project site.  If both positive and negative 
surveys are found to be applicable, positive surveys will always be applied over negative 
surveys. 

6. If applicable survey results are negative for ABB occurrences, the Corps will proceed with 
the project without further precautions with regard to the ABB. 

7. If applicable survey results are positive for the ABB, the Corps will proceed with the project 
as follows: 

• Whenever possible, the Corps will postpone construction until the active season 
of the ABB, i.e., between May 20 and September 20, when nighttime 
temperatures average above 60°F.  The Corps will begin construction only after 
implementing the Service’s current Baiting Away protocol or current Trapping 
and Relocating protocol whichever is determined more appropriate. 

8. If there are no existing surveys applicable to the proposed construction site and the 
construction will occur during (or can be postponed until) the active season of the ABB, the 
Corps will either: 

• Assume ABBs are present and implement the Service’s current Baiting Away 
protocol. 

• Conduct an ABB survey of the project area. 

9. If an ABB survey of the project area is negative, the project will proceed without further 
precautions with regard to the ABB. 

10. If an ABB survey of the project area is positive, the Service’s current Baiting Away protocol 
or current Trapping and Relocating protocol will be utilized prior to proceeding with the 
project. 

 
This opinion addresses effects to federally-listed species related to Corps studies, and operational 
and management activities on projects located within these areas: 
 

• The main stem of the Arkansas River from Kaw Reservoir to Muskogee, Oklahoma, 
the MCKARNS, and the impacts of 11 operational Oklahoma reservoirs associated 

http://ifw2es.fws.gov/oklahoma/beetle1.htm
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with releases into the MCKARNS downstream to the mouth of the White River in 
Arkansas and then to the Mississippi River.  These operational reservoirs include 
Keystone Lake, Oologah Lake, Grand Lake, Lake Hudson, Fort Gibson Lake, 
Tenkiller Ferry Lake, Eufaula Lake, Kaw Lake, Hulah Lake, Copan Lake, and Wister 
Lake. 

• Lake Eufaula and a total of 27 miles of the Canadian River from Eufaula Dam to the 
confluence of the MCKARNS. 

• Lake Texoma and approximately 240 miles of the Red River from below Denison 
Dam to Index, Arkansas. 

The Action Area is shown in Figure 1 below. 
 
 

SECTION II. DESCRIPTION OF ACTION AREAS 
 
A. Action Area I, Arkansas River (Kaw Lake to Muskogee, Oklahoma) 
 
Kaw Lake is a main stem impoundment on the Arkansas River located at river mile 653.7.  This 
reservoir was constructed by the Corps for flood control, water supply, water quality, recreation, 
and fish and wildlife and became operational in May 1976.  Keystone Lake is also a main stem 
impoundment bisecting the Arkansas River at river mile 538.8, about 15 miles upstream of 
Tulsa, Oklahoma.  This reservoir was constructed by the Corps for flood control, water supply, 
hydroelectric power, navigation, and fish and wildlife and became operational on May 21, 1968.  
Water released from Kaw and Keystone dams in the form of regulated flood flow, water quality, 
and hydropower releases contributes to main stem flows on the Arkansas River and largely 
influences flows under most conditions.  Reaches within Action Area I to be considered and 
evaluated in this opinion are defined as follows: 
 

• The 114.9-mile reach of the Arkansas River from Kaw Lake to Keystone Dam. 
The 78.6-mile reach of the main stem of the Arkansas River from below Keystone Dam to its 
confluence with the Verdigris River and the MCKARNS at navigation mile 395 (See Figure 1). 
 
B. Action Area II. Arkansas River Navigation Study (Verdigris and Arkansas Rivers, 

Oklahoma-Arkansas, Phases I and II) 
 
The Corps, Tulsa District and Little Rock District, are conducting a combined study effort for the 
Arkansas River Navigation Feasibility Study that initially consisted of two phases.  The Corps 
decided to combine the two phases into a single comprehensive study based on comments 
received during the National Environmental Policy Act scoping process for Phase I and Phase II 
(Notice of Intent published in the July 16, 2004, issue of the Federal Register).  However, the 
two phases are kept separate in this opinion, because they are separate in the BA. 
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Phase I was intended to develop and evaluate alternatives for implementing solutions to 
problems resulting from periods of sustained high flows on the MCKARNS.  Phase I examined a 
variety of project alternatives, including operational changes to the existing reservoirs, as well as 
construction of additional reservoirs or levees along the Arkansas River for navigational flow 
management.  Alternative 4, the Operations Only Plan, is the recommended plan and would 
increase the number of days in which longer tows of barges could navigate the system.  The 
Operations Only Alternative is defined as the existing operating plan with a modified 60,000 
cubic feet per second (cfs) bench (4 days of sustained flow) in place of the 75,000 cfs bench 
beginning at 3 percent lower system storage except during June 15 through October 1.  Phase I, 
Alternative 4, would call for a 60,000 cfs bench at a system storage level of 8 percent (of the 
reservoir flood pool) during the spring months and 15 percent during the remainder of the year. 
 
The existing plan calls for a 75,000 cfs bench at a system storage level of 10 percent (of the 
reservoir flood pool) during the spring months and 18 percent during the remainder of the year.  
Alternative 4 would accelerate evacuation of flood pools of reservoirs during flood pool rises, 
but then decrease water releases on the declining side of a flood event.  The actual peak flood 
pool elevations during flood events would not be changed dramatically by the proposed action.  
Modeling analysis estimates there would be an approximately 14-day reduction in flows above 
60,000 cfs as measured at Van Buren, Arkansas and a 2-day increase in flows above 100,000 cfs 
at Van Buren when compared to the existing operation plan.  The analysis revealed essentially no 
change at flows of 137,000 cfs (channel capacity). 
 
Phase II examines the feasibility of increasing the operational channel depth along the entire 
MCKARNS by as much as 3 feet (relative to the existing 9 foot minimum channel depth) and 
potentially widening the Verdigris River portion of the system to allow tows to pass at almost 
any location on the Verdigris River.  Ongoing activities of Phase II include a detailed survey of 
the navigation channel from the juncture of the system with the Mississippi River to the Port of 
Catoosa at the head of the navigation channel. 
 
Currently, the Corps is authorized to maintain the MCKARNS at a 9-foot channel depth.  Due to 
ongoing maintenance dredging of the existing navigation channel and natural stream scour, 
approximately 80-90 percent of the system is already 12-feet deep over at least some portion of 
the channel width.  Changing the authorized channel depth to 12-feet would allow tow drafts on 
the MCKARNS to match those of the lower Mississippi River system.  A number of private and 
public ports on the system can currently only accommodate tows and barges capable of operating 
in a 9-foot channel.  These ports will have to modify their facilities to accommodate barges with 
drafts deeper than those allowed by a 9-foot channel. 
 
Current MCKARNS channel widths are 300 feet on the White River Entrance Channel, Arkansas 
Post Canal, and Lake Langhofer; 250 feet on the Arkansas River; 150 feet on the Verdigris 
River; and 225 feet on Sans Bois Creek.  For most of the MCKARNS, channel width is sufficient 
to allow tows to pass each other at any location, but passing on the Verdigris River is restricted 
to only certain wider locations.  Increasing the width of the Verdigris River to 300 feet would 
ease congestion by allowing tows to pass at almost any location on that portion of the system. 
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Currently, the Corps, Tulsa District and Little Rock District cooperatively control flows in the 
Arkansas River system in Kansas, Oklahoma, and Arkansas.  However, the Little Rock District’s 
operational flexibility in controlling flows is very limited.  The action area for the ARNS 
includes the MCKARNS from the Port of Catoosa near Tulsa, Oklahoma, downstream to the 
confluence of the Mississippi River in southeastern Arkansas, as well as 11 reservoirs in 
Oklahoma that influence river flow within the MCKARNS.  The MCKARNS action area (Figure 
1) is approximately 445 miles in length and consists of a series of 18 locks and dams.  Action 
Area II reaches to be considered and evaluated in this opinion are shown in Figure 1 and defined 
as follows: 
 

• A 50-mile reach of the Verdigris River from the Port of Catoosa to Muskogee 
(navigation miles 445 to 394). 

• Lower Arkansas River, which comprises 375 miles of the MCKARNS (navigation 
miles 394 to 19). 

• The Arkansas Post Canal, a 9-mile canal connecting the Arkansas River to the lower 
portion of the White River (navigation miles 19 to 10). 

• The lower 10 miles of the White River (navigation miles 10 to 0). 

• The lower Arkansas River downstream of Dam 2 (not formally part of the 
MCKARNS).  This portion of the Arkansas River is included in the Arkansas River 
Navigation Study project area because MCKARNS river flows may also influence 
this segment of the river. 

• Eleven reservoirs in Oklahoma that may influence flows on the upper Arkansas River 
when operated for flood control, water supply, hydroelectric power, fish and wildlife, 
recreation, and other benefits.  These include Keystone Lake, Oologah Lake, 
Pensacola (Grand) Lake, Lake Hudson, Fort Gibson Lake, Tenkiller Ferry Lake, 
Eufaula Lake, Kaw Lake, Hulah Lake, Copan Lake, and Wister Lake. 

 
C. Action Area III, MCKARNS Dredge Material Disposal Management Plan 

(Verdigris and Arkansas rivers, Oklahoma) 
 
The Oklahoma portion of the MCKARNS includes approximately 140 navigation miles of 
channel.  Channel widths vary throughout, including 250 feet along the Arkansas River, 150 feet 
along the Verdigris and Poteau rivers, and 225 feet along the Sans Bois Creek. The depth of the 
navigation channel is approximately 9 feet minimum throughout the MCKARNS.  There are five 
locks and dams within the Oklahoma portion of MCKARNS, including W. D. Mayo (Lock & 
Dam 14), Robert S. Kerr (Lock & Dam 15), Webbers Falls (Lock & Dam 16), Chouteau (Lock 
& Dam 17), and Newt Graham (Lock & Dam 18). 
 
The operation and maintenance program for the Oklahoma portion of the MCKARNS is 
addressed in a Final Environmental Impact Statement (EIS) dated September 1974.  This EIS 
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included the locations of dredge material disposal areas.  Operation of the MCKARNS and 
disposal of dredged materials has occurred at the locations addressed in the final EIS.  As part of 
the ongoing operations and management program, the Tulsa District Corps is evaluating a future 
20-year plan for dredging operations for the Oklahoma portion of the MCKARNS.  Preliminary 
findings indicate that additional disposal areas likely will be required to meet the projected 20-
year dredging requirements for the Oklahoma portion of the MCKARNS.  Consequently, the 
Dredge Material Disposal Management Plan and all new recommended sites will be evaluated 
for impacts associated with federally-listed species.  The boundaries of the MCKARNS Dredge 
Material Disposal Management Plan are shown in Figure 1.  The reaches of Action Area III to be 
considered and evaluated in this opinion are defined as follows: 
 

• Along either side of the MCKARNS from the head of navigation on the Verdigris 
River at Catoosa, Oklahoma, navigation mile 445.2, to the lower limits of the 
Oklahoma portion of the MCKARNS at navigation mile 308. 

 
D. Action Area IV, Canadian River, Oklahoma 
 
The Canadian River originates in Colfax County, New Mexico, and flows southeasterly through 
New Mexico and easterly through the Texas Panhandle.  It enters Oklahoma and forms the 
boundary between Ellis and Roger Mills counties.  The river then travels eastward some 410 
miles across the state of Oklahoma and joins the Deep Fork River and North Canadian River to 
form Eufaula Lake.  Eufaula Lake was constructed by the Corps on the Canadian River at mile 
27.0, and became operational in September 1964.  Project purposes are flood control, water 
supply, hydroelectric power, and navigation (sediment control).  The Canadian River exits 
Eufaula Dam and flows eastward to its confluence with the MCKARNS near navigation mile 
357 and the Haskell County and Muskogee County line. 
 
In December 2001, the Corps submitted a “may affect” BA to the Service with respect to 
operations of Eufaula Dam on the lower Canadian River for the least tern, but the Service 
requested additional information and consultation was not completed.  One purpose of the 
current BA is to update the findings of the 2001 BA and expand it to include all federally-listed 
threatened and endangered (T&E) species.  For assessment purposes, this component of the 
opinion is defined as follows: 
 

• The 27-mile reach of the main stem of the Canadian River downstream of Eufaula 
Dam to its confluence with the MCKARNS at navigation mile 359.3. 

 
E. Action Area V, Red River, Lake Texoma to Index, Arkansas; Texas; and Oklahoma 
 
The Red River is one of the two major river systems draining Oklahoma.  The River originates 
from small streams in eastern New Mexico and gradually runs eastward approximately 517 miles 
to the Oklahoma-Arkansas State line in southwestern Arkansas.  In its extreme western reaches it 
is composed of the Prairie Dog Town Fork of the Red River, which flows southeasterly to form 
the southern border of Oklahoma east of the 100th meridian.  At the confluence of the Prairie 
Dog Town Fork of the Red River with the Salt and North Forks of the Red River, it continues as 



District Engineer 13 

the State’s southern border but is referred to simply as the Red River.  In Oklahoma, there are 
22,791 square miles of contributing drainage area to the Red River.  At river mile 725.9, the 
main stem of the Red River is bisected by Denison Dam (Lake Texoma), which was constructed 
by the Corps for flood control, water supply, hydroelectric power, regulating flows, and 
improving navigation.  Upon exiting Denison Dam, the river flows approximately 240 miles to 
Index, Arkansas, which is the eastern limit of the Corps, Tulsa District. 
 
In July 2002, the Corps submitted a “may affect” BA to the Service on operations of Denison 
Dam on the lower Red River to Index, Arkansas, with respect to the least tern. The Service 
requested additional information and the consultation was never completed.  The BA for the 
proposed action updates the findings of the 2002 BA and is expanded into a single 
comprehensive BA for all the noted action areas.  For assessment purposes, this opinion will 
assess the impacts of operating Lake Texoma on all federally-listed species on the Red River to 
the eastern limits of the Tulsa District.  The limits of Action Area V are defined as follows: 
 

• Lake Texoma. 
 
• The 240-mile reach of the Red River below Denison Dam to Index, Arkansas. 

 
 

STATUS OF THE SPECIES/CRITICAL HABITAT 
 
SPECIES IN THE ACTION AREA 
 
In a Planning Assistance report dated April 2, 2001, the Service furnished a list of 12 federally-
listed threatened and or endangered species that possibly could occur in association with the 
Arkansas River Navigation projects.  By letter dated July 30, 2003, the Corps requested an 
official list of species from the Service for all the proposed action areas.  The Service responded 
by letter dated August 28, 2003, providing four additional species and the Ivory-billed 
woodpecker was recently added for a total of 17 species to be addressed in this consultation.  
These species, along with their status and range in Oklahoma and Arkansas are shown in 
Table 1.
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Table 1.  Federally Listed Species Occurring in Proposed Action Areas 
Range  

Species Listings 

 

Status OK AR 

Alligator, American (Alligator mississippiensis) T (S/A) X X 

Bat, Gray (Myotis grisescens) E X X 

Bat, Indiana (Myotis sodalis) E X X 

Bat, Ozark big-eared (Corynorhinus townsendii ingéns) E X X 

Beetle, American burying (Nicrophorus americanus) E X X 

Crane, whooping (Grus americana) E X X 

Eagle, bald (Haliaeetus leucocephalus) T X X 

Woodpecker, Ivory-billed (Campephilus principalis) E  X 

Mucket, pink (Lampsilis abrupta) E - X 

Mussel, scaleshell (Leptodea leptodon) E X X 

Plover, piping (Charadrius melodius) T X - 

Shiner, Arkansas River (Notropis girardi) T X X 

Sturgeon, pallid (Scaphirhynchus albus) E - X 

Tern, interior least (Sterna antillarum ) E X X 

Geocarpon minimum (no common name) T - X 

Orchid, western prairie fringed (Platanthera praeclara) T X - 

Harperella (Ptilimnium nodosum) E - X 
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STATUS OF AFFECTED SPECIES 
 

At least seventeen federally-listed species historically occurred in or near the Action Area; 
however, existing information indicates that only the endangered ABB and least tern are likely to 
be affected by the proposed action.  The ABB and least tern are the only species addressed in this 
consultation. 
 
AMERICAN BURYING BEETLE 
 
The ABB was proposed for federal-listing in October of 1988 (53 FR 39617) and was designated 
as an endangered species on July 13, 1989 (54 FR 29652) and retains that status. Critical habitat 
has not been designated for the ABB.  The Final Recovery Plan was signed on September 27, 
1991. 
 
The ABB is an annual species and typically only reproduces once in their lifetime.  They are 
dependent on carrion for food and reproduction.  They often must compete with other 
invertebrate species, as well as vertebrate species, for carrion.  Even though ABBs are 
considered feeding habitat generalists, they have still disappeared from over 90 percent of their 
historic range.  Habitat loss, alteration, and degradation have been attributed to the decline of the 
ABB.  The U.S. Fish and Wildlife Service (1991) concluded that the most plausible explanation 
for the decline of ABBs involved habitat fragmentation which creates edge habitat.  This habitat 
change leads to a reduced carrion prey base and an increase in vertebrate scavengers, thus 
creating more competition and less favorable conditions for the ABB. 
 
Status and Distribution 
 
Historically, the geographic range of the ABB encompassed over 150 counties in 35 states, 
covering most of temperate eastern North America and part of Canada (USFWS 1991, Peck and 
Kaulbars 1987).  The ABB has disappeared from over 90 percent of its historical range (Ratcliffe 
1995).  Historic records are known from Texas in the south, north to Montana (single record in 
1913) and the southern fringes of Ontario, Quebec, and as far east as Nova Scotia and Florida 
(USFWS 1991).  However, documentation is not uniform throughout this broad historical range.  
More historic records exist from the Midwest into Canada and in the northeastern United States 
than from the southern Atlantic and Gulf of Mexico region (USFWS 1991).  The last ABB 
specimens along the mainland of the Atlantic seaboard, from New England to Florida, were 
collected in the 1940’s (USFWS 1991).  At the time of listing, in July 1989, known populations 
were limited to Block Island, Rhode Island; and eastern Oklahoma. 
 
Currently, the ABB is known from only 8 states: on Block Island off the coast of Rhode Island; 
Nantucket and Peninskee Islands off the coast of Massachusetts; eastern Oklahoma; western 
Arkansas; Sand Hills in north-central Nebraska; Chautauqua Hills region of southeastern Kansas 
(Sikes and Raithel 2002); northeastern Texas (Godwin 2003), and in South Dakota (Ratcliff 
1996, Bedick et al. 1993).  Seeming differences in abundance throughout the ABB’s range, may 
however largely be a function of survey intensity.  Most extant populations are located on private 
land.  Populations known to exist on public land include: Camp Gruber, Oklahoma; Fort 
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Chaffee, Arkansas; Sequoyah National Wildlife Refuge, Oklahoma; Block Island National 
Wildlife Refuge, Rhode Island; and Valentine National Wildlife Refuge, Nebraska (USFWS 
1991). 
 
There are currently three captive populations of ABBs.  One is at the Roger Williams Park Zoo 
in Providence, Rhode Island.  The second captive population is at the Entomology Department at 
Ohio State University in Columbus, Ohio.  The third is at the St. Louis Zoo in St. Louis, 
Missouri. 
 
Species Description 
 
The ABB is a member of the beetle family Silphidae (208 species worldwide; Ratcliffe 1996) 
and is in the subfamily Nicrophorinae.  Silphids are scavengers of carrion and play an important 
role in breaking down decaying matter and recycling it back into the ecosystem. The genus 
Nicrophorus presently contains 85 species distributed in Europe, Asia, and North and South 
America (Ratcliffe 1996), 15 of which occur in the U.S. (USFWS 1991).  Nicrophorus species 
are known to bury vertebrate carcasses for reproductive purposes and exhibit parental care of 
young.  Parental care, generally involving both parents, consists of food provisioning, protection, 
and direct feeding of larvae during the entire larval stage, demonstrating the highest level of 
sociality in the beetle order Coleoptera (Ratcliffe 1996). 
 
The ABB is the largest species of its genus in North America, measuring 0.98-1.4 inches  in 
length (USFWS 1991).  The body of the ABB is shiny black and has hardened protective wings 
(elytra) that meet in a straight line down the back.  The elytra are smooth, shiny black, and each 
elytron has two scalloped shaped orange-red markings.  The pronotum, or shield over the mid-
section between the head and wings, is circular in shape with flattened margins and a raised 
central portion.  The most diagnostic feature of the ABB is the large orange-red marking on the 
raised portion of the pronotum, a feature shared with no other members of the genus in North 
America (USFWS 1991).  The ABB also has orange-red frons (a mustache-like feature) and a 
single orange-red marking on the top of the head (triangular in females and rectangular in males).  
Antennae are large, with notable orange clubs at the tips.  The aposematic coloration patterns of 
Nicrophorus appear to deter predation by insectivorous birds, although crows are known to eat 
the ABB and other Nicrophorus species (Ratcliff 1996). 
 
General Life History 
 
The ABB is presumed to be an annual species (USFWS 1991), fully nocturnal, and active when 
nighttime temperatures consistently (i.e., 5 consecutive nights) exceed 60°F.  In Oklahoma this 
typically occurs from May 20 to September 20 (Oklahoma Climatological Survey 1993-2002).  
For the remainder of its life cycle, late-September to mid-May, the ABB remains in an inactive 
condition buried in the soil at depths from 6 inches (Anderson 1982) to at least 36 inches (Kozol 
et al. 1988).  American burying beetles feed and breed on a wide variety of carrion.  They use 
keen antennal chemoreceptors to detect the presence of carrion.
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INTERIOR LEAST TERN 
 
The life history and status of the least tern are well described in the Service’s 2000 (USFWS 
2000) and 2003 Biological Opinions (BO) (USFWS 2003) for the Corps’ Missouri River 
operations.  The 2003 BO for the Missouri River probably provides the best and most recent 
available information on the status of the interior population of least terns.  A portion of that 
information is summarized below. 
 
Reproductive Biology  
 
Most least terns begin breeding at age 2 or 3 and spend 4 to 5 months of each year at their 
breeding sites.  They arrive at breeding areas from late April to early June (Youngworth 1930, 
Hardy 1957, Wycoff 1960, Faanes 1983, Wilson 1984, USFWS 1987, as cited in USFWS 2003).  
Courtship occurs at the nesting site or at some distance from the nest site (Tomkins 1959, as 
cited in USFWS 2003).  It includes the fish flight, an aerial display involving pursuit and 
maneuvers culminating in a fish transfer on the ground between two displaying birds.  Other 
courtship behaviors include nest scraping, copulation and a variety of postures and vocalizations 
(Hardy 1957, Wolk 1974, Ducey 1981, as cited in USFWS 2003). 

 
“The nest is a shallow and inconspicuous depression in an open, sandy area, gravelly patch, 
or exposed flat.  Small stones, twigs, pieces of wood and debris usually lie near the nest.  
Least terns nest in colonies as small as a single pair to 100+ pairs and nests can be as close as 
just a few feet apart or widely scattered up to hundreds of feet (Ducey 1988, Anderson 1983, 
Hardy 1957, Kirsch 1990, Smith and Renken 1990, Stiles 1939, as cited in USFWS 2003).  
The birds usually lay two to three eggs (Anderson 1983, Faanes 1983, Hardy 1957, Kirsch 
1987, 1988, 1989, Sweet 1985, Smith 1985, as cited in USFWS 2003).  Both sexes share 
incubation which generally lasts 20 to 25 days but has ranged from 17 to 28 days (Moser 
1940, Hardy 1957, Faanes 1983, Schwalbach 1988, as cited in USFWS 2003).  Least tern 
chicks hatch within one day of one another and stay near the nest bowl for several days.  
Least tern chicks usually fledge in about three weeks.  Departure from colonies by both 
adults and fledglings varies, but is usually complete by early September (Bent 1921, Stiles 
1939, Hardy 1957, as cited in USFWS 2003).” 

 
Survival and Longevity 
 
Least terns are relatively long-lived birds with some adults surviving more than 20 years, but 
research on adult survival and comparisons between populations is limited.  Little is know about 
survival rates for juveniles (fledgling to breeding adult). 
 
Dugger et al. (2000) estimated chick survival from hatching to fledging for least terns nesting at 
two sites on the Lower Mississippi River in Missouri using mark-recapture methodology.  The 
mean daily survival rate for least tern chicks at river kilometer (Rkm) 1431 was 0.951 and 0.972 
at Rkm 1481.  Estimated survival of least tern chicks throughout the entire 17-day fledging 
interval was 0.43 at Rkm 1431 and 0.62 at Rkm 1481.  More detailed information on survival 
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and longevity of the interior least tern is provided in the Service’s 2000 opinion for the Missouri 
River (USFWS 2000). 
 
Movements/Dispersal Patterns 
 
Least terns are thought to be highly philopatric, but limited data indicate that the degree and 
spatial scale of breeding site fidelity vary among breeding populations in different geographic 
areas (Thompson 1997, as cited in USFWS 2003).  Massey (1992, as cited in USFWS 2003) 
found that 95 percent of banded least tern chicks returned to nest within 75 km of their Pacific 
Coastal natal colony at Huntington Beach, California.  Renken and Smith (1995, as cited in 
USFWS 2003) reported that 97 percent of 78 banded terns returned to within 1.5 to 80 km of the 
colony where they were banded.  On the central Platte River in Nebraska, 28 percent of 109 
adults returned to their natal colony (Lingle 1993, as cited in USFWS 2003). 
 
Band returns on least terns, although limited, also show movement within the least tern interior 
range.  Chicks banded in Nebraska nested in Kansas (Boyd 1993, Lingle 1993, as cited in 
USFWS 2003), and a chick banded on the Missouri River in South Dakota nested on the Lower 
Platte River in Nebraska (Thompson 1997, as cited in USFWS 2003). 
 
Relatively new genetic information suggests dispersal among Interior, Eastern, and California 
least tern populations.  Whittier (2001) proposed that the three subspecies of least terns do not 
differ genetically, although the rate of genetic exchange appears to be lower between Interior and 
California least terns than between Eastern and Interior, and Eastern and California subspecies: 
 
Results of mtDNA and nuclear DNA analysis were somewhat contradictory because nuclear 
DNA tests revealed less gene flow than did mtDNA; Whittier (2001) suggested this may be an 
artifact of small sample size rather than a reflection of actual gene flow.  The limitations (such as 
small sample sizes) of Whittier’s genetic results suggests the need for additional research and 
caution in interpreting existing genetic information. Additional genetic research is currently 
being conducted by the U.S. Geological Survey (USGS) and Oregon State University that may 
provide more information on gene flow and movement between least tern populations.  The 
USGS genetic research involves much larger sample sizes and genetic markers that may be more 
appropriate for detecting genetic variability. 
 
Distribution and Status 
 
Least terns are found over a wide range of the central United States.  Good descriptions of the 
historical and current range are provided in the 2000 and 2003 BOs for the Corps’ Missouri 
River operations.  They nest on a variety of habitats, but prefer sandbars and islands in major 
rivers.  The number of adult least terns has increased in most areas since the species was listed in 
1985.  In 2003, over 8,000 least terns were counted on the Lower Mississippi River and these 
terns represent 67 percent of the total surveyed population of 12,035 adults. 
 
The least tern is a difficult species to census accurately.  The least tern frequently shifts nesting 
sites and timing of nesting varies locally because of weather, habitat availability (e.g., seasonal 
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duration and timing of flooding of sandbar habitats), and latitude (Thompson, et al. 1997).  
Consistent timing and coverage of surveys is logistically difficult to achieve.  The nesting 
colonies of least terns are ephemeral and occur over a large geographic area that contains remote 
riverine habitats. 
 
No comprehensive, annual, or regularly scheduled rangewide census for the least tern exists, but 
the Interior Least Tern Working Group assisting in organizing surveys for 2005 that will cover 
nearly all of the interior range for nesting least terns.  However, several river segments are being 
surveyed on an annual basis.  Many of these surveys are being conducted by the Corps or its 
contractors.  Rivers regularly surveyed by the Corps are the Missouri River, the Arkansas River 
in Oklahoma, the Red River from Denison Dam to Index, Arkansas, and the Lower Mississippi 
River.  The annual census of the Missouri River is the most comprehensive survey conducted by 
the Corps.  Least Tern surveys also are conducted regularly on the Kansas River, Platte River, 
North Platte River, Canadian River below Eufaula Dam, and on three National Wildlife Refuges 
(Salt Plains, Quivera, and Bitter Lake).  Efforts are underway by the Service, the Corps, states, 
and others to develop standard, comprehensive census procedures for least terns.  An Interior 
Least Tern Working Group has been formed to develop recommended monitoring protocols for 
least terns and their habitat.  This is the basic objective of the population assessment measure 
addressed in the 2000 BO for the Missouri River and the BA. 
 
Table 2 provides a summary of the approximate rangewide number of adult interior least terns.  
This information represents all available information provided to the Service as of December 
2003 and updates the rangewide information provided in the 2000 BO.  It is important to note 
that this table does not represent a complete census; some segments of some rivers are surveyed 
in one year but not another.  Furthermore, no recent surveys have been conducted on the 
Canadian River above Norman, Oklahoma and the Cimarron River in Oklahoma and Kansas, 
whereas previous surveys on these two rivers documented important least tern nesting colonies.  
The Rio Grande River in Texas, another important river segment for least terns, has been 
sporadically surveyed in recent years.  Because it is clear that not all areas have been surveyed 
recently, we believe that the total abundance estimate in Table 2 is likely a minimum estimate.  
Better estimates of the rangewide least tern numbers will be available after the 2005 surveys are 
completed.  Most known least tern nesting areas will be surveyed in the summer of 2005. 
 
The estimated number of adult least terns has increased since rangewide summaries were 
published by Kirsch and Sidle (1999) and in the 2000 BO.  Rangewide numbers have increased 
in the last three years.  The number of adult least terns recorded for the Lower Mississippi River 
in 2003 continues to represent the highest proportion of the interior population (8,082; 67 percent 
of the total number surveyed). 
 
The number of adult terns surveyed on the Arkansas River, Red River, and Missouri River has 
increased during the past three years.  Although a portion of the increase in tern abundance since 



 

Table 2.  Approximate Numbers of Adult Interior Least Terns Throughout the Range   

               1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Yellowstone River, MT to L. Sakakawea 16 14 19 40 21 19 21       

Missouri River, MT Ft. Peck Reservoir 10 0 7 9 2 0 2 4 0 41 01 01 21

Missouri River, MT Ft. Peck Dam to L. Sakakawea 66 110 31 58 95 128 162 25 40 331 391 341 381

Missouri River, ND L. Sakakawea          

          

   

8 29 14 35 7 27 2 23 9 101 341 211 251

Missouri River, ND/SD Garrison to Oahe Dams 338 322 258 377 368 179 142 231 162 1901 2191 2321 2141

Missouri River, SD Ft. Randall to Gavins Pt.* 87 42 114 87 26 30 60 154 200 1161 1171 1261 961

Missouri River, SD/NE Gavins Pt. to Ponca 193 186 272 211 93 82 115 144 161 2061 2321 3141 3661

Missouri River, IA Sioux City 0 12   12 13 16       

Missouri River, IA Council Bluffs 20 9 0 0 4 8 5   63

Kansas River, KS   122 142 102 362 142 222 122 342 382

Subtotal 738 724 715 817 640 500 535 617 586 587 653 761 779 

Cheyenne River, SD   32 32 30       

Niobrara River, NE             

    15

             

           

 2

 

             

291 321 103 1503

Niobrara River, NE (Natl. Scenic R. Norden – HWY 137) 3 123

Loup River, NE 117 188 46 150 139 813

North Loup River, NE 17 163

South Platte River, NE 0 0 5 0 0 2    83 43 3

North Platte River and Lake McConaughty, NE 16 24 10 12 8 10 10 143 63 43 243 243 283

Platte River, NE North Platte - Lexington (upper) 1973 323 323 623 303 243 443 343 183 183 153 123 83

Platte River, NE Lexington - Chapman (central) 193 1913 1783 1693 1193 1573 1203 763 343 423 1013 1103 943

Platte River, NE Chapman - Missouri Riv. (lower) 4873 4273 4513 4263 1803 2903 3773 2083 1343 4603 3103 3943

Elkhorn River, NE 30 35 38 24 35 86 62 643

Lower Arkansas River Valley Lakes, CO 46 42 30 22  64        

 



 

 Table 2 Continued              

       

            

 

              

            

          

 

           

       

          

              

  

  

   

   

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Arkansas River (J.M. Res.) and adjacent col, CO 

Quivira NWR, KS 54 48 46 50 66 56 313 283

Jeffery Energy Center, Pottawatomie Co, KS 0 0 0 16 20 20 15    284 104

Cimarron River, KS/OK 67 452 16 22 16 14 14

Optima Reservoir, OK 15 16   

Salt Plains NWR, OK 82 136 168 90 200 200 200      1305

Prairie Dog Town Fork of Red River, TX        5978

Red River, OK/TX  Denison Dam - Index AR 187        700 6316 8936 7826 9936

Red River, AR   2507

Arkansas River, OK Kaw Dam to Muskogee 195 393 406 471 322 381 277 3129 181 3849 6289 6149 5699

Arkansas River, AR 68   198 264

Canadian River, OK Newcastle to Purcell 38  80 78 122 86 110       

Canadian River, Norman to Eufaula Lake, OK 286

Canadian River, OK Eufaula Dam – Sequoyah NWR 54 77 41  10611 10711 6511 7111 5911

Mississippi River, Cape Girardeau to Vicksburg 4297 3653 4589 6776 6971 3067 3428 5538 6159 592012 636112 580212 808212

Ohio River, KY/TN 0 44 138 91

Gibson Lake, IN 12 9 34 30 24 68    703 803

Bitter Lake NWR, NM 10 12 14 11 14 14 12   203 223

Rio Grande River, Falcon Reservoir, TX 655       2143

Rio Grande River, Lake Casa Blanca, TX         

Rio Grande, Armistad Reservoir, TX          

Dallas County, TX, Waste Water Treatment Plant 15 24 20 20 27 25   213

Annual Total 7153 6339 7580 9136 9024 5800 5550 6799 7743 8486 9693 8772 12035 

 



 

Update Sources:            

1.  Missouri River - U.S. Army Corps of Engineers, Omaha District. 2003.  Mainstream Missouri River Least Tern Productivity Monitoring 1986-2003.  Unpublished report submitted USFWS 

2.  Kansas River - Boyd  2003 

3.  Niobrara, Loup, South Platte, North Platte, Platte Rivers, Elkhorn River, Quivera NWR, Rio Grande River, Dallas County, TX, Gibson Lake, and Bitter Lake - Erika Wilson, pers. comm. 

4.  Jeffrey Energy Center, KS – Boyd 2003 and Boyd 2001 

5.  Salt Plains NWR – Joanna Whittier, Refuge staff, and Kevin Stubbs, pers. Comm..  

6.  Red River, OK/TX - Gulf South Research Corportation. 2000, 2001, 2002, and 2003; Kevin Stubbs, pers. comm.   

7.  Red River, AR - Meduna and Nupp, 2003 

8.  Prairie Dog Town Fork of Red River – Aqua-Terr, LLC., 2003 

9.  Arkansas River, OK - U.S. Army Corps of Engineers, Tulsa District 2003; Kevin Stubbs, pers. comm. 

10.  Arkansas River, AR - Urbanic, 2003 

11.  Canadian River, OK - U.S. Army Corps of Engineers, Tulsa District 2003; Kevin Stubbs, pers. comm. 

12.  Mississippi River - URS Corporation, 2003 

 

 



District Engineer 23 

listing can be attributed to increased survey efforts, in 2003 sufficient habitat existed to support a 
rangewide population of at least 12,035 terns. 
 
The Interior Least Tern Recovery Plan established a goal of 7,000 terns rangewide maintained 
for 10 consecutive years.  While the current estimate of over 12,000 terns greatly exceeds this 
goal, the recovery plan also set goals for drainages.  The goals for least terns in all drainage 
basins have not been reached and most areas have not been monitored for 10 years.  The 
recovery plan has not been revised since it was written in 1990 and recovery goals may need to 
be updated. 
 
In some areas habitat may not be a limiting factor, but on many rivers current suitable least tern 
nesting habitat is declining in quantity and suitability as woody vegetation encroaches on 
sandbar habitat.  This is largely due to a lack of scouring flows that keep woody vegetation from 
becoming established and create new nesting habitat.  Foraging habitat quality and quantity also 
may have declined from historical levels.  Declining populations of native or suitable small fish 
species and increasing numbers of introduced and unsuitable forage species could reduce the 
terns’ ability to acquire small fish.  Fish that tend to benefit from creation of reservoirs, such as 
shad and sunfish, have deep, laterally compressed body shapes that are difficult for terns to 
swallow and these species rapidly grow to sizes that exceed the maximum prey size for least 
terns (especially chicks). 
 
In the Missouri and Arkansas Rivers, fish community composition changes have occurred.  The 
spatial and temporal availability of small fishes, a component of tern foraging habitat, may affect 
the species rangewide.  Changes in the basin and floodplain physiography and channel 
morphology due to regulation of the river have greatly changed the native fish community 
composition and ecology (Welker 2000); commercial fish harvests decreased by over 80 percent 
and many other native fish have declined on the Missouri River (Hesse et al. 1989, as cited in 
USFWS 2003).  Historically, the annual flow regime determined timing of forage fish 
availability because many newly spawned fish migrated from the floodplain to the river when the 
river stage dropped.  This connectivity between the river and the floodplain, and resultant 
recruitment of small fishes provided forage for predators, including least terns (Tibbs and Galat 
1998). 
 
On the Lower Mississippi River, 80 percent of small fishes sampled in aquatic habitats adjacent 
to least tern nesting colonies consisted of taxa known to spawn in floodplain habitats (Tibbs and 
Galat 1998).  Both the timing of the forage fish production and the initiation of least tern nesting 
are related to the spring rise in river stage; alteration of the historic flow regime may impact tern 
reproductive success by decoupling the timing of peak forage availability from timing of peak 
reproductive efforts.  Where the connections between the river and the floodplain have been 
reduced or eliminated completely by construction of levees, forage fish production may have 
been significantly altered.  Such a linkage between forage availability and reproductive success 
has been demonstrated for some gull and tern species (Safina and Burger 1985, Safina et al. 
1988, Sydeman et al. 1991, as reported by Tibbs and Galat 1998).  In addition, Dugger (1997) 
demonstrated a link between aspects of least tern reproduction and variation in food availability. 
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Reproduction 
 
Several modeling efforts have suggested that the level of reproduction (measured by 
fledglings/breeding pair) necessary to ensure population stability or growth level is likely 
between 0.5 and 1.0 fledglings/breeding pair (USFWS 2003).  In evaluating status and trend of 
least terns, several authors have evaluated what level of reproduction (as measured by number of 
fledglings produced per breeding pair) is necessary to result in a stable or increasing population 
given estimates of juvenile and adult survival.  However, all estimates of the level of 
reproduction necessary to ensure population stability or growth should be considered preliminary 
due to limited information on survival rates and movement between populations (see Table 3).  
Relatively small changes in survival rates can have significant effects in population models. 
 
Least Tern Table 3.  Observed Ratios of Fledglings per Breeding Pair for Least Terns on 
Selected Rivers 1995-2003. 
 Fledge Ratio 

River 1995 1996 1997 1998 1999 2000 2001 2002 2003

Missouri River1 0.67 0.21 0.52 1.74 1.42 1.24 1.06 1.28 0.87 

Kansas River2 0 0.57 0 0.67 0 1.36 0.05 0.41 0.26 

Arkansas River, OK3 0.70 1.16 0.68 0.41 0.61 0.49 0.46 0.65 0.64 

Red River, OK/TX 
(Denison Dam – Index, 
AR)4

     0.09 0.53 0.33 0.33 

Red River, AR5        0.7  

Lower Mississippi6 1.27 0.28 0.5       

Lower Mississippi7 0.85         

                                                 
1 Corps.  2003d. Mainstem Missouri River Least Tern Productivity Monitoring 1986-2003.  Unpublished data 
2 Boyd R.L. 2003. Least Tern and Piping Plover Surveys on the Kansas River 2003 Breeding Season.  Rpt. To Kansas City 

District, US Army Corps of Engineers. 29p 
3 Corps, Tulsa District. 2002. Table 2 in Annual Report to U.S. Fish and Wildlife Service.  Unpublished Report. 2 p. with 

corrections provided by the U.S. Fish and Wildlife Service. 
4 Gulf South Research Corp. 2000. Red River Interior Least Tern Surveys Denison Dam, Oklahoma to Index, Arkansas.  Annual 

Report for Fish and Wildlife Permit submitted to U.S. Fish and Wildlife Service.  6p (excerpts) 
Gulf South Research Corp. 2001. Final Report - Survey Report Lower Red River Population of the Interior Least Tern from 

Denison Dam to Index, Arkansas.  US Army Corps of Engineers, Tulsa District. 5 p. (excerpts) 
Gulf South Research Corp. 2002.  Final Report - Survey Report Lower Red River Population of the Interior Least Tern from 

Denison Dam to Index, Arkansas.  US Army Corps of Engineers, Tulsa District.  5 p. (excerpts) 
Gulf South Research Corp. 2003. Draft Report - 2003 Survey Report Lower Red River Population of the Interior Least Tern from 

Denison Dam to Index, Arkansas.  US Army Corps of Engineers, Tulsa District. 4 p. (excerpts) 
5 Meduna, L. and T. Nupp. 2003. Annual Report - Status of Reproductive Ecology of the Interior Least Tern (Sterna antillarum) 

on the Red River in Southwest Arkansas.  Unpublished Report. 
6 Szell, C.C. and M.S. Woodrey. 2003. Reproductive Ecology of the Least Tern along the Lower Mississippi River.  

Waterbirds 26(1):  35-43. 
7 Dugger, K.M., M.R. Ryan, and R.B. Renken. 2000.  Least Tern Chick Survival on the Lower Mississippi  
 River.  J. Field Ornithol., 71(2):  330-338. 
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Thompson (1982) hypothesized that 0.5 fledglings per adult or 1.0 fledglings per pair would 
result in a stable population.  Dugger (1997, page 12) used a deterministic population model, 
assumed a survival rate of 0.85 for adults and a survival rate of 0.30 for juveniles (fledglings to 
age 2; generated by Thompson 1982), and concluded that 1.0 fledglings per pair were necessary 
to support a stable population (see Table 3 for a review). 
 
Kirsch (1996) also used a deterministic population model with a range of adult and juvenile 
survival rates, together with the average 0.5 fledglings per pair she had observed on the Platte 
River in Nebraska, and found that a stable or increasing population was achieved only when 
survival rates were fairly high.  For example, at 0.5 fledglings per pair an adult survival rate of 
0.85 only achieved a stable population when the juvenile survival rate was at 0.80, and an adult 
survival rate of 0.90 achieved a stable or increasing population when juvenile survival was at 
0.65.  She concluded that 0.5 fledglings per pair was a conservative estimate of the minimum 
level needed to achieve population stability or growth, because most estimates of adult tern 
survival do not exceed 0.85 and while few estimates of juvenile survival are available, it is 
unlikely that juvenile survival is as high as adult survival. 
 
On the Platte River, postfledging survival must be very high for the observed level of 
productivity (0.5) to sustain the population (Kirsch 1996); alternately, the population may be 
supported by immigration from other areas. 
 
Kirsch and Sidle (1999) in summarizing the status of the interior population of least terns, found 
that of six geographic areas with significant population trends, four of these areas had observed 
fledge ratios that would not support the observed population trend.  In addition, observed fledge 
ratios in many local areas were below the 0.5 fledglings per pair conservatively thought 
necessary to achieve population stability.  The observed fledge ratios on the Lower Mississippi 
River were not sufficient to support the observed population trend in that drainage basin.  The 
overall population trend for the entire interior population was positive, but this was primarily due 
to the increases observed on the Lower Mississippi River.  Kirsch and Sidle (1999) stated that 
the most plausible explanation for the increase in the population of least terns was surges of 
immigration from the least tern population along the Gulf Coast.  However, relatively little of the 
Gulf Coast habitat is surveyed for least terns and the tern’s status there is uncertain.  Only one 
published record of a least tern moving between the Gulf Coast and interior breeding areas has 
been reported (Boyd and Thompson 1985, as cited in USFWS 2003), so this hypothesis is 
difficult to test.  Recent data on rate of genetic exchange between Eastern least terns and Interior 
least terns indicates that greater than 3 migrants per generation are being exchanged (Whittier 
2001), but additional genetic research is ongoing and information with larger sample sizes should 
be available within a year. 
 
An alternate hypothesis stating that adult longevity, coupled with occasionally high recruitment, 
may offset generally low levels of production was assessed using data from least terns at Salt 
Plains National Wildlife Refuge in Oklahoma, Quivira National Wildlife Refuge in Kansas, and 
along the Missouri River in South Dakota (Whittier 2001).  Longevity and periodic high 
recruitment counteracted lower productivity estimates in the model for terns at Salt Plains and 
Quivira National Wildlife Refuges, and indicated that the breeding population would persist 
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despite low productivity, but the same was not true for the Missouri River.  Whittier (2001) 
hypothesized that longevity could not counteract low productivity in the Missouri River due to 
lower overall productivity and no peaks in productivity compared to the other sites.  Kruse’s 
(1993) Missouri River data analyzed by Whittier (2001) covers 1986-1992.  His estimates of 
fledglings/pair ranged from 0.20 to 0.64.  Since that time observed data indicate a greater range 
of productivity estimates for this and other reaches of the Missouri River, particularly in the 
years since the 1997 flood.  Since 1998, the average ratio for terns nesting on the Missouri River 
has exceeded 1.0 fledglings/breeding pair.  Whittier’s analysis of the Missouri River terns with a 
longer time series of data might yield a different result for this population.  All known least tern 
nesting areas that have been monitored for 10 or more years have averaged less than 1.0 
fledglings/breeding pair, but Whittier’s model predicts that periodic peaks of high reproductive 
success would maintain a stable or increasing population. 
 
 

ENVIRONMENTAL BASELINE 
 

The environmental baseline is predicated upon an analysis of the accumulated effects of past and 
recent or ongoing human-induced and natural factors that have lead to the current status of the 
affected listed species and their habitat.  The environmental baseline incorporates: 1) past and 
present impacts of all federal, state, or private actions or other human activities affecting the 
species; 2) anticipated impacts to the affected species from all proposed federal projects that 
have already undergone formal or early section 7 consultations; and 3) impacts of non-federal 
actions contemporaneous with the consultation in process. 
 
SPECIES STATUS WITHIN ACTION AREA 
 
Status of the ABB within the Action Area 
 
Presently, eastern Oklahoma contains two large concentrations of ABB, one at Camp Gruber in 
Muskogee County and one in McCurtain County, Oklahoma on a large, privately owned holding 
(Weyerhaeuser).  The numbers of ABBs captured at these areas provides insight into the 
numbers of ABBs in surrounding areas. 
 
Table 4 provides the number of all surveys (represented by the number of trap nights) conducted 
throughout Oklahoma by county.  The number of trapnights varies among counties and years, 
ranging from 24 trap nights in Tulsa County to 17,388 in Muskogee County.  Camp Gruber is 
located in Muskogee and Cherokee counties.  Surveys for the ABB have been conducted at 
Camp Gruber annually since 1992, accounting for the high number of trap nights.  Likewise, 
Weyerhaeuser lands are located in McCurtain County and surveys have been conducted since 
1997.  Although survey intensity differs among counties, this information does provide at least a 
rough estimate of abundance based on ABBs captured per trap night.  This information provides 
a means to monitor ABB trends and distribution. 
 
Long-term survey data from throughout eastern Oklahoma is lacking.  Long-term, mark and 
recapture data is available for Camp Gruber in northeastern Oklahoma and from a pine plantation 
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on Weyerhaeuser lands in southeastern Oklahoma.  Long-term mark and recapture information 
also is available for Fort Chaffee in Arkansas.  However, these mark and recapture surveys are 
considered unreliable at best. 
 
Most standard techniques used to estimate population size assume that marked and unmarked 
individuals are equally likely to be captured and that a substantial number of the animals remain 
in the available population from one trapping period to the next.  Creighton and Schnell (1998) 
discuss mark and recapture efforts for the ABB in eastern Oklahoma and western Arkansas.  
Absence of recaptures beyond 6 nights post capture was believed to be indicative of the rapid 
turnover in the trappable ABB population (Creighton and Schnell 1998).  They suspected that 
factors such as mortality, dispersal, and burrowing activity influenced their ability to recapture 
beetles.  As stated by Creighton and Schnell (1998), most standard methods of estimating 
 
Table 4.  Abundance of American Burying Beetles in Oklahoma as of 2003. 

County 

# ABB 
Captured 

Per 
County 

Total 
Trap 

Nights 
Per 

County 

ABBs / 
Trap 
Night County 

# ABB 
Captured 

Per 
County 

Total 
Trap 

Nights 
Per 

County 

ABBs / 
Trap 
Night 

Atoka 5 681 0.0073 McCurtain 399 12130 0.0329 

Bryan 1 248 0.0040 Muskogee 1132 17388 0.0651 

Cherokee 450 6240 0.0721 Okfuskee 1 400 0.0025 

Choctaw 4 210 0.0190 Osage 2 24 0.0833 

Coal 1 68 0.0147 Pittsburg 25 1042 0.0240 

Haskell 76 1386 0.0548 Pushmataha 27 334 0.0808 

Hughes 1 40 0.0250 Rogers 2 24 0.0833 

Johnston 1 68 0.0147 Sequoyah 4 196 0.0204 

Latimer 56 6686 0.0084 Tulsa 2 24 0.0833 

LeFlore 72 6535 0.0110 Wagoner 2 432 0.0046 

 
population size from mark and recapture data assume that marked and unmarked individuals are 
equally likely to be captured and that most, if not all, of the organisms remain in the trappable 
population.  They felt this assumption was not valid for ABB populations considering the high 
turnover rate they observed for the ABB (Creighton and Schnell 1998).  Accordingly, 
conventional methods of estimating population size may not be applicable for the ABB and 
accurate measures of absolute densities are problematic (Creighton and Schnell 1998). 
 
Kozol (1990) conducted a population estimate for Block Island, Rhode Island, and indicated that 
the population was relatively stable at a level of approximately 375 animals with a confidence 
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interval ranging from 316 to 450 from 1986-1990.  Kozol's mark and recapture population 
estimate was based on trapping efforts spanning several weeks.  Even with an intensive survey 
effort on a relatively confined population, Kozol cautioned using such figures as more than a 
guide because, as stated above, ABBs violate the two basic assumptions of population estimate 
methods. 
 
Factors Potentially Affecting ABBs within the Action Area 
 
The action area defined in this consultation covers the most of the known range of the ABB in 
Oklahoma and Arkansas.  Adequate evaluation of the proposed action covered in this opinion 
must not only consider the impacts from the proposed activities, but also must consider other, 
separate effects currently ongoing and likely to occur in the foreseeable future that also could 
have adverse impacts to the ABB.  In accomplishing this evaluation, the Service considers other 
incidental take statements issued, incidental take permits issued, recovery permits issued, other 
section 7 consultations conducted, and cumulative impacts within the action area. 
 
From October 1, 2002 to September 30, 2003, the OKES consulted on approximately 1,562 
proposed actions of which 858 (55 percent) were proposed to be implemented in the 33 counties 
in which the ABB likely occurs.  Project types evaluated included pipelines, roads, 
communication towers, residential housing developments, bridges, mining, petroleum 
production, commercial developments, recreational developments, transmission lines, and water 
and waste water treatment facilities.  Of the 858 projects the Service reviewed, approximately 35 
percent involved fuel and petroleum production and distribution, and other industry distribution 
pipelines. 
 
From October 1, 2003, to June 9, 2004, this same office reviewed about 1,020 projects.  Of this 
total, 438 projects (about 43 percent) were proposed within the 33 counties in Oklahoma where 
the ABB is believed to occur.  Of these 438, about 30 percent involved petroleum production and 
distribution, and other industry distribution pipelines, including a 280 mile pipeline extending 
from the Gulf of Mexico in Texas to Cushing, Oklahoma.  A programmatic biological opinion 
recently was completed with the Environmental Protection Agency (EPA) for oil and gas related 
construction activities requiring a Phase I stormwater discharge permit.  The Service is also 
currently working with the Federal Highway Administration and other federal agencies to 
develop a programmatic consultation for their activities. 
 
Currently 11 entities or individuals possess valid section 10 permits for the ABB in Oklahoma.  
Ten are section 10(a)(1)(A) scientific research permits to enhance the survival of the species and 
one is an incidental take permit issued in conjunction with a Habitat Conservation Plan (HCP).  
Although nine permits are enhancement of survival permits, some authorized take of ABBs is 
allowed.  The research conducted must further conservation efforts for the species.  The loss of 
some individual ABBs over the short-term from research is allowed as long as the survival of the 
ABB is not jeopardized.  The Service requires that every available precaution be implemented to 
reduce and/or eliminate authorized take associated with research activities. 
 

 



District Engineer 29 

The HCP and related 10(a)(1)(B) incidental take permit was issued in 1996 to Weyerhaeuser 
Timber Company for ABBs on their lands in southeast Oklahoma.  Habitat Conservation Plans 
with incidental take permits are available to private landowners, corporations, state or local 
governments, or other non-Federal entities who wish to conduct activities that might incidentally 
harm (or "take") a species listed as endangered or threatened.  Before obtaining a permit, the 
applicant must develop an HCP, designed to minimize or mitigate any harmful effects the 
proposed activity might have on the species. The HCP process allows development to proceed 
while promoting listed species conservation. 
 
The Weyerhaeuser HCP is valid for 35 years and does not estimate a number of ABBs that could 
potentially be taken.  The HCP stipulates the following as foreseeable activities implemented by 
Weyerhaeuser over 35 years: 28,000 acres (average of 800 acres per year) of forest will 
potentially be harvested; 16 ponds constructed; 10 or less food plots planted; EPA approved 
application of pesticides for control of pales weevil damage to planted pine seedlings; right-of-
way vegetation control; 2 miles of road constructed; 20 acres of mineral, oil, or gas exploration; 
and 600 acres or less of cattle grazing.  From 1997 to 2000 approximately 10,710 acres were 
surveyed for the ABB annually and from 2001 to 2003 approximately 14,382 acres were 
surveyed.  From 1997 to 2003 the following number of ABBs were captured: 106, 64, 26, 41, 16, 
25, and 85, respectively. 
 
There are two BOs with incidental take statements issued for the ABB in Oklahoma.  One 
pertains to the Department of Defense, for Camp Gruber near Braggs, Oklahoma; and the other 
to the U.S. Forest Service regarding the Ouachita National Forest in southeast Oklahoma.  The 
opinion for Camp Gruber allows for the take of 35 ABBs per year.  The opinion for the Ouachita 
National Forest covers forest lands in both Oklahoma and Arkansas, and allows for the take of 
30 ABBs per year. 
 
In addition, the Service may recommend that ABBs be trapped and relocated in certain instances.  
While these activities can have an adverse impact, the existing recovery permit provides for take 
which may occur.  The extent of take is unknown prior to implementation of this type of activity.  
However, all accidental deaths are required to be reported to the Service.  From 1997 to 2003 
ABB incidental deaths ranged from approximately 5 to 28 per year. 
 
Status of the Least Tern within the Action Area 
 
There are several errors in the BA and the 2003 BO (USFWS 2003) related to the status of least 
terns in the Action Area.  The correct adult least tern numbers for the Arkansas and Red River 
surveys are provided in Table 5.  The BA also incorrectly states that 1998 was the only year that 
the fledgling per breeding pair ratio for the Arkansas River was below 0.50.  The fledgling per 
breeding pair ratio also went slightly below 0.50 in 2000 and 2001.  The fledgling per breeding 
pair ratio for the Oklahoma portion of the Arkansas River in 2004 was 0.02 and was far below 
0.50 for all monitored portions of the Action Area.  A combination of unusually wet and cool 
weather, frequent flooding, and poor habitat conditions are the most likely causes for the poor 
reproductive success in 2004.  The current fledgling per breeding pair ratio information was 
previously provided in Table 3.
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Table 5.  Least Tern Peak Adult Numbers for Areas Monitored Within the Action Area 
 Arkansas R. 

Kaw to  
Muskogee 

Arkansas R. 
Arkansas 

Canadian 
R. Below  
L. Eufaula 

Canadian R. 
Norman to 
L. Eufaula 

Red R. 
Texoma 
To Index 
AR 

Red R. 
Above 
L.Texoma

Salt 
Plains 
NWR 

1990 210       

1991 195*     187 139-152  

1992 393       

1993 406*       

1994 471       

1995 322      116 

1996 381      122 

1997 277*       

1998 312       

1999 181**  106   694   

2000 384  107   631   

2001 628 198***   65   893   

2002 614 264***   71 286  782   

2003 569    59   993 597 130 

2004 529 376   75  1009   

*    No survey from Kaw Dam to Keystone L. (usually 20-100 adults in this reach) 
**  No survey from Tulsa to Muskogee, high flows entire nesting season 
*** Only partial survey of this river reach 
 
The existing recovery plan set delisting goals for least tern numbers by river drainages and 
required that these goals be met or exceeded for at least 10 years (USFWS 1990).  The goals for 
all drainage basins have not been reached and most areas have not been monitored for 10 years 
(USFWS 2003).  The total numbers of adult least terns within drainages in the Action Area have 
met or exceeded existing recovery plan goals in recent years, but only the Arkansas River in 
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Oklahoma has been monitored for 10 years.  The Arkansas River in Oklahoma has met recovery 
plan goals for the last ten years with the possible exception of 1999 when flooding of nearly all 
nesting habitat occurred during the entire nesting season.  Only a partial survey was conducted 
that year, and the tern numbers did not meet the recovery goal. 
 
Least tern population information and recovery goals provided in the existing recovery plan do 
not reflect the current knowledge of least tern populations.  The recovery plan was written in 
1990 and was not the sole source used to assess the status of populations for this biological 
opinion.  For example, least terns were not known to occur or nest in the portion of the Red 
River addressed in this opinion when the recovery plan was written; now it is known as an 
important nesting area with over 1,000 adults attempting to nest there in some recent years.  The 
entire Red River in 2004 supported an estimated 2,000 or more adult least terns, but the existing 
recovery goal for this river is only 300 and was based on the habitat on the Prairie Dog Town 
Fork alone. 
 
The total number of adult least terns has remained relatively stable or increased since 1998 
(Table 5) for most of the monitored reaches of the Action Area.  The adult least tern numbers for 
the short reach of the Canadian River below Lake Eufaula is an exception to this stable to 
increasing trend within the Action Area.  This area of the Canadian River has experienced 
relatively poor reproductive success and the total number of adult birds has declined slightly in 
recent years.  The greatest increase in adult least tern numbers has been on the Red River from 
Lake Texoma to Index Arkansas.  Adult numbers have increased from 187 (1991) to 1009 
(2004), and more than 600 adults have been counted each year since 1999 (Table 5). 
 
Fledglings per breeding pair estimates (through 2003) averaged above 0.5 for monitored reaches 
of the Arkansas River, but less than 0.5 for the Red River (Table 3).  The reproductive success 
monitored in 2000-2003 for this reach of the Red River (average of 0.32 fledglings per breeding 
pair) does not appear to support the observed population increase.  The Service has not received 
the 2004 monitoring report for the Red River, but the preliminary information indicates very few 
fledglings were produced in the 2004 breeding season.  The most plausible explanation for the 
increase in tern numbers for the Red River is immigration from other least tern populations.  
However, this reach of river did produce 0.53 fledglings per breeding pair in 2001, with an adult 
population of 893.  This demonstrates this reach has the potential to support a relatively large 
population.  Also, monitoring methods used to estimate fledglings per breeding pair may have 
underestimated the total number of fledglings in some years. 
 
Fledgling per breeding pair ratios have been measured in most of the Action Area, but 
monitoring has been very limited on Arkansas portions of the Arkansas River.  However, using 
available information, the average fledgling per breeding pair ratio is approximately 0.5 for all 
monitored areas of the Action Area (Table 3). 
 
Adult least tern numbers in the Action Area in 2004 were at or above the average for the last ten 
years.  However, reproductive success in nearly all of the Action Area was extremely poor in 
2004 and habitat conditions also were relatively poor.  The unusually wet and cool weather was a 
factor in the poor reproductive success in 2004, but habitat conditions in the Oklahoma portion 

 



District Engineer 32 

of the Arkansas River were so poor that reproductive success would be low in most years.  
Effects of habitat changes on the Arkansas River in Oklahoma have previously been documented 
in the 1998 opinion (USFWS 1998).  Least terns appear to be affected by nesting habitat 
availability and changes in habitat due to regulated flows released from Kaw and Keystone 
Dams.  The frequency of high flow events downstream of Keystone Dam has declined 
significantly due to flood control operations. Analysis of pre and post impoundment flows at the 
Tulsa gage show 25 flow events exceeding 90,000 cfs between 1926 and 1964 (prior to 
completion of Keystone Dam). Only three flow events exceeding 90,000 cfs have occurred since 
1964 and 1993 was the last large flood event.  After scouring flows in 1993 that elevated existing 
sandbars and created new sandbars, the number of breeding colonies, adults observed, number of 
nests, chicks, and eggs observed, and number of terns fledged all increased the following year.  
In addition, loss of nests due to flooding declined the following year (Leslie et al. 2000).  Leslie 
et al. (2000) reiterated the need for periodic (> 7 years) scouring flows to maintain the quality of 
nesting habitat available to terns.  However, habitat quality has declined since 1993 due to a lack 
of scouring flows. No major high flow events have occurred in recent years and habitat has 
declined in quantity and quality.  In 2004, frequent flooding events and poor habitat conditions 
reduced or eliminated reproductive success on most of the least tern nesting areas within the 
Action Area. 
 
Least tern nesting habitat quality and quantity has declined the most on the Arkansas River and is 
probably in the worst condition known since least tern monitoring began in the 1980s.  The 
degree of habitat degradation cannot be accurately quantified due to the Corps’ failure to fully 
implement some of the reasonable and prudent measures in the 1998 opinion that required 
monitoring of habitat in the Oklahoma reach.  Nonetheless, differences in Arkansas River habitat 
quality relative to 1994 are apparent.  Flows of 30,000 cfs in 1994 did not flood many of the least 
tern nesting sites, but flows of only 15,000 cfs would flood most of the suitable habitat and nests 
in 2004 and 2005.  Most of the higher islands and sandbars are now vegetated to a degree that 
precludes least tern nesting.  Zink Island is a relatively high island that previously supported 50 
or more nests in high water years similar to 2004.  In the last few years Zink Island has supported 
15 or fewer nests.  The reason for the decline is uncertain, but the most likely cause is the 
reduced availability of suitable habitat due to vegetative encroachment.  The 1998 opinion 
included a reasonable and prudent measure to maintain habitat quality on Zink Island, but the 
Corps had only partially complied and vegetative encroachment had made most of the island 
unsuitable for nesting until March of 2005.  The least tern nesting habitat on Zink Island was 
restored with heavy equipment in March through cooperative efforts of Tulsa County, the Corps 
and Tulsa River Parks Authority.  The island supported at least 36 nests on June 9, 2005 and it 
appears that the habitat restoration was successful in attracting more nesting pairs.  Storms 
destroyed most of those nests on June 12, 2005, and ensuing storms continued to increase flows 
in the Arkansas River.  Releases from Keystone Dam completely inundated the island by June 
18, 2005.  Releases were increased in an attempt to hasten the evacuation of stored flood waters 
and return reservoir water elevations and river flows to levels that would allow least terns to 
renest.  The success of renesting attempts will be monitored. 
 
Relatively little monitoring of least tern nesting habitat conditions has occurred on the Arkansas 
River in Arkansas and the first complete boat survey for nesting terns was completed in 2004.  
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Seventeen tern nesting islands were identified in the 2004 survey.  The quality of the nesting 
habitat varied, but all nesting islands were flooded and no successful reproduction was known to 
occur in 2004. 
 
Habitat conditions also have declined on the Red River.  Monitoring on the Red River below 
Lake Texoma has documented a decline in average freeboard for nests since 2001, an increase in 
the percentage of nesting colonies that land bridge, and an increase in the percentage of nesting 
colonies with disturbance.  Disturbance includes evidence of predation, cattle trampling, and 
human disturbance.  Disturbance increased from only 25 percent of the nests in 2000, to 89 
percent of the nests in 2003 (Gulf South 2003). 
 
Importance of the Action Area to the Least Tern 
 
Least terns in the Action Area may currently (2004 adult count) account for approximately 16 
percent of the interior population (1,989 in the action area /12,035 rangewide) based on the most 
recent population estimate.  However, the rangewide estimate probably underestimates the size 
of the total population due to a lack of recent surveys in several areas of the least tern’s range 
and recent increases in some areas.  The Arkansas and Red River systems appear to be an 
important component of the overall distribution of the interior population.  The numbers of 
adults in these river systems are second only to those on the Mississippi River. 
 
Factors Potentially Affecting Least Terns within the Action Area 
 
The Action Area defined in this consultation covers much of the known range of the least tern in 
Oklahoma and Arkansas.  Adequate evaluation of the proposed action covered in this opinion 
must not only consider the impacts from the proposed activities, but also must consider other, 
separate effects currently ongoing and likely to occur in the foreseeable future that also could 
have adverse impacts to the least tern.  In accomplishing this evaluation, the Service considers 
other incidental take statements issued, incidental take permits issued, recovery permits issued, 
other section 7 consultations conducted, and cumulative impacts within the action area. 
 
The incidental take that is currently authorized for least terns in the Action Area is limited to 
collection (salvage) of eggs for genetics research proposed by the USGS and take associated with 
disturbance related to least tern surveys on the Arkansas, Canadian, and Red Rivers.  The Corps 
has had authorization for incidental take related to operations of Kaw and Keystone projects, but 
this is no longer valid due to exceedance of incidental take limits and failure to implement 
reasonable and prudent measures.  Unauthorized take has occurred each nesting season, 
including more than 300 nests, and unknown numbers of eggs and chicks in 2004.
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EFFECTS OF THE ACTION 
 
American Burying Beetle 
 
Adverse impacts to ABBs occur primarily from ground disturbance associated with construction 
during the ABB’s inactive and active periods.  Construction activities associated with dredged 
material disposal pits and other proposed actions may disturb soils in areas within the ABB’s 
range and have the potential to harm, harass, or kill individuals. Typical individual construction 
projects are relatively short-term, usually completed in fewer than 60 days.  However, 
maintenance and additional disposal of dredged material are recurring impacts over the life of the 
project. 
 
DIRECT EFFECTS 
 
Direct adverse impacts to ABBs during their inactive and active periods may occur as a result of 
impacts from clearing vegetation; soil compaction due to heavy equipment operation; fuel and 
chemical contamination of the soil; grading; soil excavation and filling; and revegetation and 
reseeding of disturbed areas.  Approximately 1,100 acres of terrestrial habitat are proposed to be 
converted to dredged material disposal pits with implementation of the proposed action. 
 
During construction of dredge disposal pits and access roads, soil is excavated and vegetation is 
cleared.  Excavating soils, clearing vegetation and constructing access roads involve 
displacement of soils that could uncover ABBs.  Uncovered ABBs could be exposed to 
predation, adverse environmental conditions, or crushed by equipment.  If construction occurs 
during the active season, ABB broods could be displaced during soil excavation, adults could be 
separated from larvae/eggs, and/or both could be crushed by equipment.  Revegetation and 
associated planting activities could result in further disturbance as described above. 
 
In addition, use of heavy construction equipment, such as bulldozers, excavators, track hoes, and 
back hoes during road and dredge spoil disposal pit construction could compact the soils.  Soil 
compaction could result in destroying ABB brood chambers, including adults and larvae; and 
preventing use by ABBs for carcass burial if construction takes place during the reproductive 
season.  If construction takes place during the winter season, adult individuals could be crushed 
and ABB re-emergence in late spring or early summer could be prohibited. 
 
The periodic disposal of dredged material has the potential to bury adults and larvae if previously 
deposited materials provide suitable soils.  The frequency of dredging and subsequent disposal in 
dredge disposal pits is highly variable and the potential for take related to periodic disposal will 
vary from pit to pit. 
 
Prior to construction activities implemented in the ABB’s active season, the Corps will 
determine the presence or absence of the ABB in the project county and immediate vicinity of 
the project site.  A presence/absence survey for the ABB may be conducted.  If ABBs are known 
to be in the area, then measures will be implemented to remove ABBs from the project site prior 
to soil disturbance.  This minimizes or avoids adverse impacts to the ABB.  Projects 
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implemented during the ABB’s inactive season will incorporate measures listed above to 
minimize soil disturbance, contamination, or compaction, and ABBs will be removed from the 
project site prior to the onset of the ABB’s inactive season.  These measures minimize adverse 
effects to the ABB, but do completely avoid potential for take. 
 
All of these activities could result in the direct mortality of individual ABBs or broods, or create 
conditions that lessen the chance of survival of individuals or broods.  In summary, ground 
disturbance associated with disposal of dredged material could result in take of individual ABBs, 
eggs, or larvae in eastern Oklahoma. 
 
INDIRECT EFFECTS 
 
Construction activities and related habitat disturbance may temporarily reduce local rodent 
populations that would provide carrion for ABBs. 
 
Interior Least Tern 
 
DIRECT EFFECTS 
 
Least tern nesting habitat can be impacted by any action that changes river hydrology and 
morphology.  The construction and operation of large Federal reservoirs is a major action 
impacting least tern nesting habitat within the Action Area.  A major hydrologic effect of these 
reservoirs on nesting habitat is the reduction in the magnitude, frequency, and duration of peak 
flows that are necessary to move sediments to form new sandbars, maintain channel widths, and 
scour existing sandbars.  The frequency of high flow events downstream of Keystone Dam has 
declined significantly due to flood control operations (Wood 1994).  Seven day bankfull flows 
(110,000 cfs) on the Arkansas River at Tulsa were predicted to occur with a frequency of 6.7 
years without project and 28.6 years with project-related flood control operations (USFWS 
1998).  Analysis of pre and post impoundment flows at the Tulsa gage show 25 flow events 
exceeding 90,000 cfs between 1926 and 1964 (prior to completion of Keystone Dam).  Only 
three flow events exceeding 90,000 cfs have occurred since 1964 and the last large flood event 
occurred in1993. 
 
These reservoirs also retain large volumes of sediment (sand) that normally would be distributed 
throughout an unregulated river system.  For example, Lake Texoma traps an average of 17,700 
acre-feet of sediment annually (USACE 2001).  A 100-300 mile downstream recovery zone for 
sediment loads has been estimated for Lake Texoma (Williams and Wolman 1984).  Recharge of 
drainage-basin sediments 60 miles below Kaw Dam and 15 miles below Keystone Dam has been 
insignificant because mean daily sediment loads of the Arkansas River at Ralston and Tulsa have 
been reduced approximately 91-96 percent (Wood 1994, USFWS 1998).  This sediment is the 
basic building block of least tern nesting habitat.  The substantial reduction of sediment 
movement by these reservoirs impacts the distribution, abundance, and quality of least tern 
nesting habitat.
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The 1998 opinion documented the impacts of flood control operations on hydrology of the 
Arkansas River and similar impacts are documented in the original BAs prepared for the 
Canadian and Red Rivers.  The direct effect of the reservoirs and flood control operations is 
reduced quantity and quality of least tern nesting habitat.  For example, no suitable least tern 
nesting habitat exists for several miles below all major impoundments in the Action Area due to 
a lack of sand.  The proposed action is primarily a continuation of the existing conditions for 
most of the Action Area and the proposed action includes few measures to avoid, or reduce most 
habitat impacts.  The Corps has not monitored habitat conditions on the Arkansas River as 
required by the reasonable and measures in the 1998 opinion, so we cannot quantify the existing 
effects on the Kaw Lake to Muskogee reach.  However, habitat has declined and we expect 
habitat degradation due to project-related alterations in flow and sediment transport to continue. 
 
Nesting Habitat 
 
Least tern nesting habitat is in poor condition over most of the Action Area, and the Corps’ past 
and current operations appear to be the primary factors.  The Corps has had limited opportunities 
to provide scouring flows in recent years without impacting other project purposes, and few 
efforts have been made to restore nesting habitat via other means.  The Corps and SWPA did 
attempt to restore tern nesting habitat on two islands in lower portions of the Canadian River by 
scraping vegetation off existing vegetated islands with bulldozers.  The attempt was 
unsuccessful, at least partially, because vegetation quickly reestablished itself on most of the 
cleared areas before the nesting season was completed.  Limited hand pruning and some 
herbicide spraying also was implemented in two years at Zink Island and in 2005 the island 
habitat was greatly improved by moving new sand onto the island with heavy equipment.  The 
Zink Island habitat improvement project was a cooperative effort involving Tulsa County, the 
Corps, and Tulsa River Parks Authority and the Service.  Also, the Corps helped fund an 
Oklahoma State University student project to design a conceptual tern nesting island with 
promising results.  However, the design has not been implemented and no new nesting islands 
have been constructed. 
 
In June, 2005, the Corps cooperated by releasing relatively high flows (68,000-77,000 cfs) from 
Keystone Reservoir for several days to hasten the evacuation of the flood pools in Kaw and 
Keystone Reservoirs.  These relatively large releases are less than the flows recommended in the 
1998 opinion for enhancing nesting habitat, but they may provide some scouring and move 
enough sediment to enhance or create some downstream nesting sites.  The effects of these 
releases will be evaluated when river flows decrease to levels that allow terns to renest. 
 
Most least terns are currently nesting on relatively low elevation islands and sandbars.  A lack of 
scouring flows has allowed vegetation to encroach on all but the lowest elevation nesting habitat.  
This increases the flooding risk for nesting least terns.  The current habitat conditions on the 
Arkansas River make it extremely difficult for the Corps and SWPA to maintain other project 
functions and still protect terns from flooding.  The peak flow generated by hydropower at the 
Keystone project is approximately 12,000 cfs and some nests were flooded in 2004 by this level 
of flow.  Virtually all nests on the Arkansas River from Keystone dam to Muskogee are flooded 
at approximately 15,000 cfs (with the exception of Zink Island).  The small 3,000 cfs buffer 
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between peaking hydropower flows and flows that flood most of the nests means that nearly all 
nests are at a high risk of flooding on nearly a daily basis.  Any significant rainfall event that 
adds 2,000-3,000 cfs or more to the hydropower peaking level will flood a majority of the nests.  
To prevent flooding nests under such conditions the Corps would have to predict all significant 
rainfall events and curtail hydropower generation at least 24 to 48 hrs ahead of the rainfall event.  
This solution is unlikely to be feasible or successful in avoiding relatively frequent flooding of 
least tern nests and chicks.  Even one flooding event late in the nesting season can effectively 
eliminate most or all reproductive success for that year.  While the Corps has improved 
communication with the Service and modified operations to reduce flooding of tern nests and 
chicks, avoiding flooding has become increasingly difficult.  The Tulsa District developed Least 
Tern Management Guidelines for project operations and they have been implemented since 
2002.  However, the Corps’ ability to reduce flooding of tern nesting sites is very limited with 
the existing habitat conditions described above. 
 
Habitat conditions on the Arkansas River reach from Keystone Reservoir to Muskogee in 2004, 
allowed a water release of only about 9,000 cfs from Keystone Dam to protect nesting terns from 
downstream flooding.  The inability to release more than 9,000 cfs for flood control without 
flooding tern nests means that reservoir water levels would quickly rise with any significant 
inflows.  Reservoir water levels at Keystone Reservoir would reach the upper limits (730 ft, 
specified in the Least Tern Management Guidelines) for protecting least terns or even the upper 
limits of the flood storage capacity, in a relatively short period of time with even moderate 
inflows.  The Corps must then release large quantities of water for safety reasons (usually greater 
than 20,000 cfs) to evacuate the flood pool.  With existing habitat conditions, such a release 
would flood nearly all the least tern nests and chicks that may exist in this reach downstream to 
Muskogee.  Frequent flooding and cool wet weather resulted in the loss of nearly all nests and 
chicks on the Arkansas River in 2004 (only 6 fledglings counted) and flooding has occurred 
again in 2005.  Unless habitat improves, we expect relatively frequent flooding to continue on 
the Oklahoma reach of the Arkansas River in most years. 
 
Another potential impact to habitat is that the height of some nesting islands are degraded by 
extended periods of relatively moderate to high flood pool releases that continue long after any 
significant amount of sediment is being delivered through tributaries.  These moderate water 
releases from the reservoirs transport very little sediment from the reservoir, but do pick up some 
sediment below the dam and move some of this sediment downstream.  These moderate flows 
are usually insufficient to scour vegetation from higher elevation sand bars or islands. 
 
The poor habitat conditions on the Arkansas River can be enhanced to some degree through 
management of flows to minimize flooding and landbridging of nesting islands.  However, with 
existing habitat conditions, this would require a very narrow range of flows and may not allow 
maximum hydropower releases at Keystone Dam. 
 
Habitat conditions also have declined on the Red River and least tern reproductive success has 
been relatively low (see previous discussion in the Status of the Species in the Action Area 
section).  The effects of the action on least terns nesting along the Red River are similar to those 
described for the Arkansas River.  However, habitat is not as degraded within the Red River 
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portion of the Action Area.  Also, flooding of nests and chicks on the Red River is not as directly 
attributable to reservoir water releases.  The Red River has more major tributaries without 
mainstem reservoirs and higher average annual rainfall over much of this reach.  However, there 
are several Corps reservoirs in the watershed and the effects of reduced peak flows and sediment 
loads are evident.  The proposed action does not include any measures to improve habitat on the 
Red River or change operations.  Unless habitat improves, we expect relatively frequent flooding 
of nests and chicks and high rates of disturbance to continue. 
 
Arkansas River Navigation System - The effects of the action on nesting terns on the Arkansas 
River in portions operated for navigation in Oklahoma and Arkansas are comparable in that 
limited habitat and flooding of nesting habitat is the greatest impact to nesting terns.  Nesting 
habitat is very limited within the navigation system.  Most of what is available was 
unintentionally created by sediment deposited behind manmade structures.  Virtually all natural 
nesting habitat was destroyed when the navigation system was constructed.  Only one least tern 
nesting island is proposed to be constructed within the navigation channel in the Corps’ proposed 
action. Therefore, we expect nesting habitat would continue to be limited within the MCKARNS 
with implementation of the proposed action. 
 
The Little Rock District of the Corps has not been monitoring the elevations and locations of tern 
nests in Arkansas and no coordination with the Tulsa District or the Service has occurred to 
attempt to minimize flooding of nests and chicks in Arkansas.  The proposed action does not 
include any measures to reduce these flooding impacts.  We expect the proposed action would 
result in continued flooding of nests and chicks on the Arkansas reach of the Arkansas River. 
 
The Service does not concur with the Corps determination that Phase I of the ARNS will not 
adversely affect least terns.  We agree that the effects are variable and the duration of the effects 
are usually limited to several days or less, but there are some adverse effects.  According to 
information provided by the Corps, the changes in flood water storage at reservoirs related to 
Phase I operations would decrease the rate of water releases following the peak of a flood event.  
Reducing the rate of water releases can prolong the number of days that some reservoir 
elevations stay above or near the upper limits for protecting least terns stated in the Least Tern 
Management Guidelines implemented in 2002.  This would increase the likelihood of flooding 
downstream nests and further delay the evacuation of stored flood water under some conditions.  
Phase I would slightly extend periods of relatively high flood pool releases that continue long 
after any significant sediment is being delivered through tributaries.  Such releases could degrade 
the height and quality of nesting islands.  Portions of the Corps modeling data that demonstrate 
this effect are included in Appendix B. 
 
Phase I has potential to extend the effect of a flood and the time required to reduce flows to a 
level that will provide suitable habitat for terns attempting to renest.  The risk of nests being 
flooded by water releases made due to subsequent rainfall or inflow events is increased when 
reservoir elevations stay near the upper limits for longer periods of time.  Reservoirs such as 
Kaw and Keystone have relatively little flood storage and nesting least terns have very little 
buffer for future inflow events when reservoir water levels are near the upper limits.  To provide 
nesting habitat and protect renesting least terns, reservoir water levels need to be dropped as 
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quickly as possible following inflow events that cause upper limits to be exceeded and 
downstream flooding of least tern nests. 
 
The deepening portion (Phase II) of the proposed action is not likely to adversely affect most of 
the current least tern nesting areas.  The Arkansas River within Arkansas is the only portion of 
the existing navigation channel that supports nesting least terns in areas likely to be dredged.  
The maintenance dredging and proposed dredging to implement Phase II has the potential to 
benefit least terns, if the dredge spoils are used to create nesting habitat.  No suitable tern nesting 
habitat is present on a large percentage of the existing navigation channel and creation of habitat 
could facilitate nesting by terns on portions of the river that have not supported tern reproduction 
since the MCKARNS project was constructed. 
 
Dredging does have the potential to adversely affect least terns if contaminants in the sediments 
are released in concentrations that would impact nesting terns or their forage base.  Contaminants 
released into the water through dredging activity could become available to the birds through 
direct contact or through the food chain.  However, potential impacts related to contaminants in 
the dredged material cannot be thoroughly assessed until testing of sediments to be dredged is 
completed.  The Corps should reinitiate consultation if testing of sediments indicates dredging 
could have potential adverse effects to terns and other federally-listed species, such as bald 
eagles. 
 
Hydropower effects - Normal hydropower operations (when reservoirs are not in the flood pool) 
consist of peaking hydropower generation during portions of the day with the most demand and 
highest price for electricity.  Little or no generation occurs during off peak hours.  This results in 
higher downstream water releases (frequently 10,000-12,000 cfs) for a portion of the day and 
low flows (frequently less than 1,000 cfs) for the remainder of the day.  During weekends and 
other periods of low demand, little or no generation occurs and the flows are correspondingly 
low (sometimes less than 100 cfs).  These periods of low flows contribute to landbridging of 
nesting islands and increase access for mammalian predators and humans.  Very few nesting 
islands that are not inundated at the higher peaking flows remain suitable nesting islands and are 
landbridged at the low flows.  Least terns are frequently forced to nest on islands or sandbars that 
are not flooded at the higher flows, but become landbridged at the lower flows.  The dramatic 
daily fluctuation in flows results in a change in stage or water height on the river of several feet 
for miles downstream of the reservoirs.  These changes in flow and stage are moderated in 
intensity moving downstream, but severely limit the suitable nesting habitat available to least 
terns for at least 40 miles below Keystone Dam and all of the Canadian River below Lake 
Eufaula. 
 
INDIRECT EFFECTS 
 
Predation and Human disturbance 
 
Ongoing reservoir operations in the Action Area likely contribute to loss of nests and eggs from 
predators because of the effects of water management on the shoreline and sandbar habitats.  
Moderation of extreme flows has reduced the amount of scouring taking place along shorelines; 
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consequently vegetation regrowth provides habitat for predators of least tern eggs and chicks.  
Reduced channel width and increased vegetation encroachment within the channel creates more 
suitable habitat for predators and reduces the amount of suitable habitat for least terns.  Flood 
control operations influence predation by reducing the quantity of suitable nesting habitat, 
making it easier for predators to search the remaining habitat.  Consequently, even unoccupied 
habitat has value for nesting least terns and can reduce predation by providing more potential 
habitat for predators to search. 
 
The effects of hydropower operations and other flow manipulations also influence predation (see 
discussion under direct effects).  The periods of low flows contribute to landbridging of nesting 
islands and increase access opportunity for mammalian predators such as coyotes, dogs, and 
raccoons. 
 
The low flows also improve access for humans and domestic animals.  Disturbance by humans 
walking in search of artifacts or using sandbars and islands for other recreational uses occurs 
relatively frequently in the Action Area.  These people often have dogs with them which 
increases the risk for take of chicks or eggs.  Low flows and landbridging also improve access 
for livestock; and trampling of least tern nesting sites has been documented each year on the Red 
River (Gulf South 2003).  ATVs and other off-road vehicle use is increasingly popular and low 
flow conditions on the rivers allow such vehicles access to most of the river bed, including many 
least tern nesting areas.  While monitoring least terns nesting on the Arkansas River in 
Oklahoma, Service and Corps biologists have witnessed the apparent abandonment of least tern 
nesting colonies with relatively high levels of human disturbance.  Other studies have noted that 
human disturbance of nesting colonies may reduce reproductive success (Burger 1984) and may 
result in eventual abandonment of the site (Kotliar and Burger 1986).  Monitoring on the Red 
River below Lake Texoma has documented an increase in the percentage of nesting colonies that 
land bridge, and an increase in the percentage of nesting colonies with disturbance.  Disturbance 
includes evidence of predation, cattle trampling, and human disturbance.  Disturbance increased 
from only 25 percent of the nests in 2000, to 89 percent of the nests in 2003 (Gulf South 2003). 
 
Recreational use and human disturbance in the navigation system is more related to access by 
boaters and some ATV use.  A least tern nesting colony on an island that was created with 
dredge spoils in Arkansas in 2001 was completely abandoned after high levels of human use and 
camping occurred.  Human disturbance accounted for 29 percent of the losses of nests monitored 
in Arkansas in 2001 (Urbanic 2003). 
 
Impacts to Fish and Fish Habitat 
 
The spatial and temporal availability of small fishes, a component of tern foraging habitat, may 
affect the species in the Action Area.  Changes in the basin and floodplain physiography and 
channel morphology due to river flow regulation can greatly alter the native fish community 
composition and ecology.  Aspects of the annual flow regime determine timing of forage fish 
availability.  Alteration of the historic flow regime may impact tern reproductive success by 
decoupling the timing of peak forage availability from timing of peak reproductive efforts 
(USFWS 2003).  Particularly where the connections between the river and the floodplain have 
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been reduced or eliminated completely by construction of levees, forage fish production may 
have been significantly altered (USFWS 2003).  Such a linkage between forage availability and 
reproductive success has been demonstrated for some gull and tern species (Safina and Burger 
1985, Safina et al. 1988, Sydeman et al. 1991, as reported by Tibbs and Galat 1998).  In addition, 
Dugger (1997) demonstrated a link between aspects of least tern reproduction and variation in 
food availability.  The abundance of small fish in the Action Area also may be reduced due to 
flood control operations that reduce the peaks and frequencies of flood events that inundate the 
floodplain.  The effects of hydropower releases also have potential to negatively affect fish 
populations through rapid and frequent changes in flow volume and water temperature. 
  
SPECIES RESPONSE 
 
The least tern has maintained a relatively stable fledgling to breeding pair ratio in most of the 
Action Area until 2004.  Little if any reproductive success has occurred in most of the Action 
Area in 2004 due to reduced nesting habitat quality, cool and wet weather, and frequent flooding 
events.  Although the average fledgling to breeding pair ratio for the Arkansas River has been 
near 0.7, the average fledgling to breeding pair ratio for the Red River and Canadian River has 
been less than 0.5 (Table 3). 
 
Essentially all the tern nesting habitat in the Action Area is affected by the proposed action to 
varying degrees.  All nesting terns in the Kaw Dam to Muskogee reach of the Arkansas River are 
expected to experience very limited reproductive success until nesting habitat conditions 
improve.  Terns nesting on Red River also will be affected by project-related reduced habitat 
quality, but to a lesser degree, and reproductive success is expected to be similar to recent years.  
Terns nesting in portions of the Arkansas River maintained for navigation may benefit from the 
proposed action, provided new nesting habitat is created and maintained with dredged material.  
Terns nesting on this created habitat could be very successful, assuming fish populations are 
adequate to support nesting terns, nesting habitat is maintained over time, and human disturbance 
is controlled.  Artificially created nesting habitat in the navigation channel should experience 
relatively infrequent flooding and has the potential to support relatively large numbers of nesting 
least terns if they colonize the newly created habitat.  However, construction and maintenance of 
the navigation channel has eliminated all suitable tern nesting habitat over a large portion of the 
Arkansas River for more than 30 years.  The success of artificially created nesting habitat in 
areas lacking recent nesting history is unknown and can only be determined through monitoring. 
 

 
CUMULATIVE EFFECTS 

 
Cumulative effects include the effects of future state, tribal, local, and private actions that are 
reasonably certain to occur within the action area considered in this biological opinion.  Future 
federal actions that are unrelated to the proposed action are not considered in this section because 
they require separate consultation pursuant to section 7 of the ESA. 
 
The impacts of future state, local, and private actions are difficult to predict because they are 
dependent upon the political climate within the action area and conditions and changing patterns 
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of economic and human population growth.  The Service anticipates that the Arkansas and Red 
River navigation systems will continue to be operated for commercial barge traffic for at least 
the next 50 years, but increasing and competing demands for water for municipal, industrial and 
recreational use may lead to changes in the management of reservoirs and river flows.  Siltation 
at aging reservoirs will reduce water storage capacity for competing uses.  Some of the changes 
in demands for water will be under Federal control and will require section 7 consultation, but 
others will be private or state controlled and would be considered cumulative effects. 
 
Development in watersheds, including river floodplains and riparian areas, is likely to increase 
and contribute to potential flooding and flood control problems.  Any structures constructed in or 
near the rivers have potential to impact flows and sediment transport.  Farming within the 
floodplain already influences water management decisions.  Most of these cumulative effects are 
likely to negatively affect the river ecosystems and the federally-listed species that depend on 
these river systems.  Species such as bald eagles and least terns are relatively adaptable to human 
disturbance, but nesting and foraging habitat are likely to be adversely affected by altered flows 
and increased development.  An example of the potential development-related impacts to bald 
eagles and least terns is the proposed development plan for the Arkansas River corridor in Tulsa 
County, Oklahoma.  The Corps is involved in the feasibility study, but many of the proposed 
actions would be privately funded.  Several low-head dams, pedestrian trails, and commercial 
development are included in the preliminary plan and many of these proposed developments 
have potential to impact habitat for bald eagles and least terns. 
 
Some private actions, such as commercial sand and gravel operations that remove sand and 
gravel from rivers, may exacerbate the effects of sediment reduction caused by the Corps 
projects.  Some of these sand and gravel operations do require a permit from the Corps under 
Section 404 of the Clean Water Act, but most do not (utilizing the current definition of Section 
404 authorities).  It is difficult to quantify the amount of material removed by sand and gravel 
operations and even more difficult to determine the effects of these actions.  Most effects are 
assumed to be adverse, but there is potential to maintain or enhance tern nesting habitat with the 
cooperation of sand and gravel operators. 
 
Another example of a beneficial cumulative effect is the artificial creation of least tern and bald 
eagle nesting habitat at Sooner Lake, a small reservoir near the Arkansas River in Pawnee 
County, Oklahoma.  The reservoir is privately owned by OG+E Electric Services and is used as a 
source of water for cooling a coal-powered electric power plant.  Sand was placed on an area of 
concrete dikes in the lake to create least tern nesting habitat.  At least 19 least tern nests were 
recently documented on that dike.  An artificial nesting platform for bald eagles also was erected 
at Sooner Lake in 2004. 
 
 

EFFECTS OF THE ACTION – CONCLUSIONS 
 

American Burying Beetle 
 
Adverse effects to ABBs should be relatively minor, if protective measures included in the 
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proposed action are implemented.  Despite these protective measures, some ABBs may be 
disturbed or killed during dredged material disposal pit construction, dredged material disposal, 
and related ground disturbance activities, but most of the effects are expected to be infrequent 
and of short duration. 
 
Interior Least Tern 
 
The greatest impact of the proposed action is to nesting habitat quantity and quality.  The 
proposed action does not include restoring or maintaining nesting habitat with water releases.  
Although the proposed action included creating artificial nesting habitat using spoil material at 
two sites, it does not propose to create or maintain any significant quantity of nesting habitat 
with mechanical methods.  Periodic high flow events are likely to occur that will restore some 
nesting habitat despite continuing flood control efforts.  However, the quality and quantity of 
tern nesting habitat will decline following those events (provided those events do not reoccur 
within 3-5 years) and project-related flood control operations and impacts on sediment transport 
would hasten the decline.  Tern nesting habitat in the Action Area currently is in poor condition 
and could remain in poor condition for relatively long periods of time with the proposed action.  
The adverse indirect effects, such as predation, human disturbance, and trampling by livestock, 
associated with the poor habitat conditions, could increase or remain at relatively high levels 
until habitat is improved or protective measures are implemented.  Manipulation of water 
releases to reduce flooding of nests would reduce the adverse effects somewhat, but overall, the 
proposed action is likely to continue to adversely affect terns in a manner similar to the existing 
operations. 

 
 

BIOLOGICAL OPINION 
 

Section 7(a)(2) of the Act requires federal agencies to ensure that any action authorized, funded, 
or carried out by such agency is not likely to:  1) jeopardize the continued existence of any 
endangered or threatened species, or 2) result in the destruction or adverse modification of 
critical habitat.  The term "jeopardize the continued existence of" means to reduce appreciably 
the likelihood of both the survival and recovery of listed species in the wild by reducing the 
species' reproduction, numbers, or distribution.  Jeopardy biological opinions must present 
reasonable evidence that the project will jeopardize the continued existence of the listed species 
or result in destruction or adverse modification of critical habitat. 
 
After reviewing the current status of the ABB and least tern, the environmental baseline, the 
effects of the proposed action, and the cumulative effects, it is the Service’s biological opinion 
that the action, as proposed, is not likely to jeopardize the continued existence of either species, 
and is not likely to destroy or adversely modify designated critical habitat.  No critical habitat 
has been designated for these species; therefore, none will be affected.  However, the proposed 
action likely will result in incidental take of ABBs and least terns.
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INCIDENTAL TAKE 
 

Section 9 of the Act and federal regulation pursuant to section 4(d) of the Act prohibit the take of 
endangered and threatened species, respectively, without special exemption.  Take is defined as 
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or attempt to engage in 
any such conduct.  Harm is further defined by the Service to include significant habitat 
modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavior or behavioral patterns, including breeding, feeding, or sheltering.  
Harass is defined by the Service as intentional or negligent actions that create the likelihood of 
injury to listed species to such an extent as to significantly disrupt normal behavior patterns 
which include, but are not limited to, breeding, feeding, or sheltering.  Incidental take is defined 
as take that is incidental to, and not the purpose of, the carrying out of an otherwise lawful 
activity.  Under the terms of section 7(b)(4) and 7(o)(2), taking that is incidental to, and not 
intended as a part of the agency action is not considered to be prohibited taking under the Act, 
provided that such taking is in compliance with the terms and conditions of this incidental take 
statement. 
 
The measures described below are non-discretionary, and must be undertaken by the Corps so 
that they become binding conditions for the exemption in section 7(o)(2) to apply.  The Corps 
has a continuing duty to regulate the activity covered by this incidental take statement.  If the 
Corps (1) fails to assume and implement the terms and conditions or (2) fails to require a 
contractor to adhere to the terms and conditions of the incidental take statement through 
enforceable terms that are added to the contract, the protective coverage of section 7(o)(2) may 
lapse.  In order to monitor the impact of incidental take, the Corps must report the progress of the 
action and its impact on the species to the Service as specified in the incidental take statement. 
[50 CFR §402.14(I)(3)] 
 
 
AMOUNT OR EXTENT OF TAKE ANTICIPATED 
 
American Burying Beetle 
 
The amount or extent of incidental take will be difficult to enumerate in the form of individual 
ABBs.  This difficulty is due to multiple factors, including a lack of a comprehensive survey 
effort due to the ABBs large distribution across eastern Oklahoma.  Recent survey efforts that are 
available are limited in scope and geographical range.  Some counties have not been surveyed at 
all recently.  Further, as stated above, conducting an accurate population estimate is not feasible 
due to the biology of the ABB, as well as the lack of surveys or the incompatibilities of survey 
methods implemented.  In addition, the ABB has a small body size making it hard to locate, 
which makes encountering dead or injured individuals unlikely.  Further, ABB losses may be 
masked by annual fluctuations in population numbers and geographic densities.  These 
complications result in difficulty enumerating or estimating the quantity of ABBs in Oklahoma 
in order to accurately estimate the amount or extent of take.  Consequently, the Service believes 
using habitat as a surrogate for take is the best method to determine the amount of take that is 
likely to occur. 
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Despite the proposed protective measures, some ABBs may be disturbed or killed during 
dredged material disposal pit construction, dredged material disposal, or other ground 
disturbance activities.  Approximately 1,100 acres would be disturbed to create dredged material 
disposal pits with the proposed action.  The Corps must reinitiate consultation with the Service if 
more than 1,100 acres of ABB habitat are disturbed. 
 
Least Tern 
 
Incidental take of least terns is expected to occur in the following manner: 
 

1. Take of eggs and chicks by flooding on the river and reservoir reaches that result from 
the operations of the water control system by the Corps. 

 
Certain reservoir levels and water releases (including hydropower releases) from dams along the 
Arkansas, Canadian, and Red rivers during the summer results in flooding of nests and mortality 
of eggs and chicks.  Most least terns have been nesting on relatively low elevation islands and 
sandbars in recent years because flood control operations have reduced scouring flows and 
allowed vegetation to encroach on most of the higher elevation (former) nesting habitat.  We 
estimate that existing operations can and have contributed to the flooding of nests with eggs and 
chicks through the impacts to nesting habitat.  Potentially more than 1,000 eggs and chicks can 
be flooded in an individual year.  For example in 2004, a minimum of 160 nests were flooded on 
the Arkansas River in Oklahoma, and an estimated 100 or more nests in Arkansas.  An additional 
150-200 nests were flooded on the Red River in 2004.  The exact numbers of eggs or chicks 
flooded are unknown, although an estimate can be derived by multiplying the number of flooded 
nests (only nests with eggs are counted) by two since most nests average 2 or more eggs.  Chicks 
are more difficult to count and any direct counts are certainly an underestimate of the actual 
chick numbers, but we do have direct counts of chicks prior to most flood events.  We realize, 
however, that some nests would flood naturally without any Corps action, and that it is difficult 
to determine the level of take related to the Corps actions alone. 
 
However, the operation of Corps projects over time has altered sediment delivery patterns and a 
lack of scouring flows has allowed vegetation to encroach on higher islands (Corps 2003).  This 
has substantially reduced the elevation of islands and sandbars used for nesting habitat, and 
increased the likelihood or frequency of flooding of occupied habitat during the nesting season.  
In the Oklahoma portion of the Arkansas River, nesting habitat conditions are extremely poor 
and flooding is expected to potentially take nearly all eggs and chicks in most years until nesting 
habitat improves.  River systems are highly variable and it is difficult to predict incidental take 
levels in any given year, but flood releases are expected to take eggs and/or chicks in the Red 
and Arkansas rivers (including the Canadian River) in most years.  The timing of flood events 
determines the effect of this take.  Least terns may renest if flooding of nests occurs early in the 
nesting season, but flood events late in the nesting season eliminate all potential for reproductive 
success during that year.
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2.  Take of eggs, chicks, and adults by factors influenced by, but not directly attributable to the 
Corps. 
 
An unknown number of eggs and chicks have been lost due to predation, weather, trampling by 
livestock, erosion, and other factors that are influenced by, but not directly attributable to Corps 
activities.  For example, modification of the historical hydrograph as a result of reservoir 
operations reduces the number of large scouring events that otherwise would maintain wide 
channel widths and limit vegetative encroachment on sandbars and islands used for nesting by 
least terns.  Encroachment of vegetation on sandbars used by least terns increases the potential 
for predation of eggs, chicks, and adults by predatory mammals and birds.  Vegetative 
encroachment also reduces the quantity and quality of suitable nesting habitat.  Least terns 
usually will not initiate nesting at sites with greater than 30 percent vegetative cover. 
 
Releases associated with hydropower operations that result in relatively high flows during a 
portion of the day and extremely low flows at other times effectively limit suitable nesting 
habitat for least terns and negatively impact forage fish populations.  Low flow periods increase 
the potential for predation and human disturbance associated with landbridging.  The Service 
expects increased human disturbance associated with Corps and SWPA operations will result in 
the mortality of eggs and chicks in the Action Area and harm or harassment of adult least terns.  
Extended periods of hydropower releases that leave relatively little freeboard for nesting terns 
also put nests at a greater risk of flooding due to the additive effect of increased flows from local 
rainfall events. 
 
Quantification of Take 
 
The amount or extent of incidental take is difficult to enumerate in the form of individual least 
terns.  The incidental take occurs in many direct and indirect forms that cannot be easily 
measured with existing or proposed levels of monitoring.  Numbers of least terns, and especially 
eggs and chicks, are difficult to accurately count over several hundred miles of riverine habitat. 
 
The proposed action is very similar to the existing operations.  All forms and amount of take for 
the proposed action are assumed to be similar to those known to occur under existing conditions.  
The estimates of incidental take in this opinion are, therefore, based on averages of existing tern 
population levels and reproductive success.  These measures of tern population levels and 
reproductive success for the existing population’s status are used as a surrogate measure of 
incidental take and a way to measure the effects of the proposed action. The direct and indirect 
take (in all forms) cannot be precisely determined, but can be estimated through least tern 
population numbers and breeding success via fledgling per breeding pair ratios. 
 
Least tern numbers must be monitored and maintained at adequate levels to ensure that 
anticipated levels of incidental take do not jeopardize populations in the future.  Tern population 
numbers, in addition to reproductive success and habitat conditions, are factored into evaluations 
of the impacts of take related to proposed actions.  Population numbers for each reach of river 
are averages (rounded to the nearest multiple of ten) of adult least tern numbers from surveys 
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conducted since 1990 (Table 5).  However, two exceptions to using average adult counts were 
required to accommodate insufficient or inconsistent available survey data. 
 

1. Arkansas River, Arkansas - There is only one year (2004) with complete survey data 
for the Arkansas River in Arkansas.  Therefore, calculating the average number of 
adult terns was not possible for this river reach.  It is likely that the 2004 adult least 
tern count of 376 is greater than the ten year average, if we assume this portion of the 
Action Area is similar to the Oklahoma portion of the Arkansas River.  Therefore, the 
2004 adult least tern count of 376 was adjusted down by the same percentage as the 
Oklahoma reach (420 average verses a 529 adult count in 2004 or about a 20 percent 
reduction) to account for the potential that 2004 may have been an above average 
year for adult least terns.  The adjusted number of adult terns for the Arkansas River 
in Arkansas is 298; then this was rounded to 300.  However, several partial surveys in 
the past counted 200 or more least terns and the Service considers 300 to be a 
reasonably conservative population estimate for this reach. 

2. Red River - Because the number of adult terns is used to calculate breeding pairs 
(adults/2), the Red River population average was adjusted to more accurately 
represent the number of breeding adults used to calculate fledgling to breeding pair 
ratios.  Adult least tern numbers along the Red River declined dramatically between 
the first and second surveys in 2002 and 2003 due to floods in June of those years.  
Past monitoring has demonstrated that most nesting pairs will renest if failures occur 
in June or early July.  Most of the terns apparently renested in the surveyed area, but 
the decline in adult numbers after flooding events in 2002 (from 782 to 649) and 2003 
(from 993 to 670) implies that some terns renested outside of the Red River reach 
surveyed by the Corps.  For those years, the second or July survey adult count, rather 
than the first (peak) adult count, represented the number of breeding terns (in the 
monitored reach) used to calculate fledgling to breeding pair ratios for that reach of 
the Red River. 

 
Fledgling per breeding pair ratios have been measured in all of the Action Area, but monitoring 
has been very limited on portions of the Arkansas River.  However, using available information, 
the average fledgling per breeding pair ratio for monitored portions of the Action Area is 
approximately 0.5.  The average number of adult terns in the entire Action Area is estimated to 
be approximately 1,420 or 710 breeding pairs.  Consequently 710 breeding pairs with an average 
of 0.5 fledglings per breeding pair would annually produce 355 fledglings.  The estimates of 
existing numbers of adult and fledgling terns by river reach are: 
 

A. Arkansas River, Oklahoma, Kaw Reservoir to Oklahoma/Arkansas state line, 
including the lower Canadian River below Eufaula Reservoir – 500 adults and 
125 fledglings annually. 

B. Arkansas River, Arkansas - 300 adults and 75 fledglings annually. 
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C. Red River, Lake Texoma to Index, Arkansas - 620 adults and 155 fledglings 
annually. 

 
While we cannot precisely quantify take due to a number of variables, an estimate of the actual 
amount or extent of take related to reproduction is the difference between the measured 
reproductive success and the potential reproductive success without project-related impacts.  The 
highest fledgling per breeding pair ratio reported for the Action Area is 1.16.  Since no without 
project reproductive data are available, this information was judged to be the best at hand for 
quantifying an estimate of take attributable to project operations. 
 
Using this ratio, the average number of breeding pairs for the Action Area (710 breeding pairs) 
would produce 823 fledglings, compared to the 355 fledglings produced at the 0.5 fledgling per 
breeding pair ratio (existing average).  The difference is 468 fledglings and we assume incidental 
take will vary but is unlikely to exceed this amount in any individual year.  Until habitat is 
improved, take of at least 300-600 eggs and chicks is expected in most years.  We assume all 
adults in the Action Area (1,989 is the highest count to date) could be harmed or harassed by 
flooding and other impacts associated with the proposed action. 
 
The Corps must reinitiate consultation with the Service if direct and indirect take occurs to the 
degree that the number of adults and fledglings, in any river reach, average (over a five year 
period) fewer than the numbers identified above. 
 
EFFECT OF THE TAKE 
 
American Burying Beetle 
Approximately 1,100 acres of soil disturbance is anticipated with the proposed action and is a 
very small percentage of the total project area.  In the accompanying biological opinion, the 
Service determined that this level of anticipated take is not likely to result in jeopardy to the 
ABB or adverse modification of critical habitat. 
 
Least Tern 
 
Our review of information that has become available since the 1998 biological opinion indicates 
that the adult tern numbers have increased in many areas.  However, this may be partially due to 
increased survey effort; in addition, not all tern populations have increased.  Approximately 
12,000 adult terns is the most recent rangewide estimate (2003). We evaluated new information 
on the species and its habitat within the Action Area.  Least terns in the Action Area currently 
may account for approximately 16 percent of the listed entity (1,989 action area /12,305 
rangewide; Table 1) based on the most recent population estimate.  However, the rangewide 
estimate probably underestimates the total population due to a lack of recent surveys in several 
areas of the least tern range and recent increases in some areas. 
 
We suspect that fledge ratios and numbers of nesting birds may decline in the Action Area until 
nesting habitat quantity and quality improve.  Existing habitat conditions are relatively poor in 
much of the Action Area.  However, despite Corps flood control efforts, relatively high flow 
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events do periodically occur and are likely to restore some habitat and tern nesting success for an 
unknown duration.  We expect tern nesting habitat conditions to fluctuate over time, but be 
negatively impacted by the proposed action.  However, if the existing average numbers of adults 
and fledglings are maintained, the least tern populations in the Action Area should remain stable. 
The proposed action should be able to average and maintain existing levels of reproductive 
success (average of 355 fledglings) and that should be adequate to support existing tern 
populations (average of 1,420 adults) and meet or exceed existing recovery plan goals.  In the 
accompanying biological opinion, the Service determined that the anticipated take is not likely to 
result in jeopardy to the least tern or adverse modification of critical habitat. 
 
 
REASONABLE AND PRUDENT MEASURES 
 
The Service believes the following reasonable and prudent measures (RPMs) are necessary and 
appropriate to minimize the take of ABBs and least terns. 
 
American Burying Beetle (ABB) 
 
To minimize potential take of the ABB, the Service recommends the following RPM: 
 

1. The Corps must implement all conservation measures outlined in the proposed action to 
minimize incidental take of ABBs.  These measures are standard protective measures 
generally recommended by the Service and have been incorporated into the Corps’ 
proposed action. 

 
Interior Least Tern 
 
To minimize potential take of least terns, the Service recommends the following RPMs: 
 

1. Maintain suitable habitat for nesting least terns in the Action Area by: 

 a) providing adequate flows to create and maintain nesting habitat, and/or 

 b) artificially or mechanically enhancing, constructing, and maintaining nesting habitat. 
 
2. Monitor, evaluate, and adjust operations as needed to minimize take of least terns. 

3. Monitor and evaluate least tern habitat conditions. 

4. Reduce predation and human disturbance of least terns in the Action Area.
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TERMS AND CONDITIONS FOR IMPLEMENTATION 
 
In order to be exempt from the prohibitions of section 9 of the Act, the Corps must comply with 
the following terms and conditions which implement the RPMs described above and outline 
required reporting/monitoring provisions.  These terms and conditions are non-discretionary. 
 
American Burying Beetle 
 
RPM 1.  The Corps must implement all measures in the proposed action to minimize incidental 
take of ABBs. 
 

1. The Corps must provide an annual report detailing the area (acres) impacted by 
construction of dredge spoil pits and deposition of dredged materials on terrestrial 
habitat.  This report must include a copy of all ABB survey results and a description 
of trap and relocation and baiting away activities. 

 
2. If a dead or impaired ABB is found, care should be taken in its handling to preserve 

biological materials in the best possible state for later analysis of cause of death.  In 
conjunction with the care of injured endangered or threatened species or preservation 
of biological materials from a dead animal, the finder has the responsibility to ensure 
that evidence associated with the specimen is not unnecessarily disturbed.  The dead 
or impaired ABB should be photographed prior to disturbing it or the site.  The 
Service is to be notified within three (3) calendar days upon locating a dead or injured 
ABB.  Initial notification must be made to the nearest U. S. Fish and Wildlife Service 
Law Enforcement Office, at (918) 581-7469, then the Oklahoma Ecological Services 
Field Office, at (918)581-7458.  Notification must include the date, time, precise 
location of the injured animal or carcass, and any other pertinent information.  Formal 
written notification also must be submitted (Appendix 3). 

 
3. All dead or moribund adults should be salvaged by placing them on cotton in a small 

cardboard box as soon as possible after collection.  The date and location of 
collection should be included with the container.  Specimens should then be furnished 
to the Sam Noble Museum of Natural History at the University of Oklahoma in 
Norman for deposition in their collection of invertebrates, or to another suitable site 
approved by the Service. 

 
Least Tern 
 
RPM 1.  Maintain suitable habitat for nesting least terns in the Action Area. 
 
Suitable nesting habitat can be established and maintained by provision of appropriate river 
flows and/or mechanically or artificially enhanced, constructed, and maintained.  As our 
knowledge of river habitat conditions and tern populations changes over time, the exact 
locations, design, and number of constructed nesting sites may be modified if approved by the 
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Service.  Initially, all constructed nesting habitat must be at locations approved by the Service 
and meet the following criteria: 

a) Substrate – Nesting substrates consist of well drained particles ranging in size from fine 
sand to small stones < 1 in. (2.5 cm) in diameter. 

b) Size/Shape –  Nesting areas should be a minimum of 1 ac (.4 ha), and preferably 10 ac 
(4 ha) in size; circular to oblong in shape, maximizing surface area; recommended 
slopes of 1:25 with maximum slopes not exceeding 1:10; surface height above water to 
exceed 18 in. (45.7 cm) at nest initiation (usually May or June). 

c) Visibility – Smooth topography with < 10 percent early successional vegetation. 

d) At least 50 percent of the enhanced or constructed nesting habitat must be in place by 
April 2008 and 100 percent by April 2010. 

 
1. Arkansas River, Oklahoma, Kaw Reservoir to Muskogee - Nesting habitat will be 

provided and maintained to support the minimum population (currently at least 420 
adults).  Habitat for at least 200 adults (100 nesting pairs) should be at an elevation that 
will not flood at 20,000 cfs flows or less.  Least terns will not use created nesting habitat 
exclusively and existing data indicate it is not realistic to expect nesting colonies to 
average more than 20 nests per site.  Currently 8 existing nesting sites in this reach 
average 20 or more nests and these sites could be enhanced.  At least 6 nesting sites with 
suitable habitat above water levels at a 20,000 cfs flow would be required to maintain 100 
nesting pairs.  Nesting habitat enhancement at one site (Zink Island) was accomplished in 
March of 2005.  Most of the remaining five sites could be enhanced through cooperative 
efforts with sand and gravel operations or in association with proposed bridge or dam 
projects.  The nesting habitat improvements can include relatively temporary projects, 
such as vegetation removal conducted on an annual basis, or more permanent 
enhancement/creation projects, but must meet criteria a-d above and not be flooded at 
20,000 cfs.  Nesting habitat improvement is important because take of nearly all (at least 
300- 600) eggs and chicks is expected in most years until habitat is improved (see 
discussion in the Effects of the Action section). 

 
2. Arkansas River, Muskogee to Oklahoma/Arkansas state line, including the lower 

Canadian River below Eufaula Reservoir - Nesting habitat will be provided and 
maintained to support the minimum population (currently at least 80 adults).  Habitat 
should be at elevations that will not flood on at least a ten year frequency (as measured 
over the period of record and including the water elevation fluctuations due to barge 
traffic).  This will require at least 3 nesting sites with suitable habitat.  The nesting habitat 
improvements can include relatively temporary projects, such as vegetation removal 
conducted on an annual basis, or more permanent enhancement/creation projects, but 
must meet criteria a-d above. 
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3. Arkansas River, Arkansas - Nesting habitat will be established and maintained to support 
the minimum population (currently at least 300 adults).  Dredge spoil will be utilized to 
create and/or enhance potential least tern nesting habitat at sites recommended and 
approved by the Service and the Corps.  The dredge spoil islands will be monitored and 
evaluated by the Service and the Corps, as discussed in Part 5, during the breeding 
season.  Suitable nesting habitat will be maintained as defined by criteria a through c 
listed above at sites recommended by the Service, pending post construction monitoring 
and evaluation.  An average of at least one nesting island per pool, or 12 islands (with the 
Dardanelle pool counting as 2 for pools 10 &11), will be constructed and/or enhanced 
with dredge material disposition and maintained to provide sustainable and viable nesting 
habitat above an elevation that will not flood during the breeding season on at least a ten 
year frequency (as measured over the period of record and including the water elevation 
fluctuations due to barge traffic).  The location and number of nesting islands per 
navigation pool will be based on monitoring and evaluation of tern use, sustainability, 
habitat quality, and viability as determined by the Service and the Corps.  Of the 12 
islands, at least 1 (each) must be maintained in pools 2, 5, 7, 8, 9, 10, and 12.  The 
remaining 5 islands will be maintained where determined appropriate and feasible by the 
Service and the Corps based on previously described methods and considerations. 

 
4. Red River, Lake Texoma to Index, Arkansas – Nesting habitat will be maintained to 

support the minimum population (currently at least 600 adults).  Least tern nesting habitat 
in most of the Red River is not as degraded as in the Arkansas River, but the average 
freeboard of nests is declining.  Construction of artificial islands should be considered an 
option to improve existing conditions or creating habitat in areas where little if any 
nesting habitat currently remains. 

 
5. The Corps will monitor and evaluate the created or enhanced island/sandbar habitat 

annually to determine if physical and biological requirements of the least tern are being 
achieved.  The Corps shall report the data for created or vegetation-managed nesting 
habitat separately from natural nesting habitat.  If the created island/sandbars are not 
providing habitat as anticipated, then the Corps will evaluate and implement methods to 
improve the habitat suitability.  The Corps will coordinate these actions with the Service. 

 
6. Following three years of creating, enhancing, evaluating, and monitoring sandbar habitat, 

the Corps will report the results and conduct a peer review of habitat creation methods 
and outcomes.  The Corps will provide a copy of its report and the results of the peer 
review to the Service and the Interior Least Tern Working Group. 

 
RPM 2.  Monitor, evaluate, and adjust operations to minimize take of least terns. 
 

1. The Corps will monitor and evaluate the effect of reservoir releases on least terns.  
Information collected under RPM 3, including elevations of sandbars and nests in 
relationship to water levels, plus any additional information necessary to assess flooding, 
human disturbance, predation, and impacts to forage fish populations, will be examined. 
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2. The Corps will utilize its authorities and operational flexibility in adjusting flows and 
other pertinent actions to reduce the flooding and landbridging of least tern nesting sites.  
The Corps will coordinate frequently and in a timely manner with the Service when it has 
determined that increased flow releases may flood terns or decreased flows may 
landbridge tern nesting sites.  During these consultations, the Corps will provide the 
Service its recommendations to reduce flooding and landbridging.  Nesting habitat shall 
be a priority and other management actions implemented to meet or exceed the minimum 
adult and fledgling numbers established for each river reach. 

 
3. By January 1, 2007, the Little Rock District of the Corps will develop least tern 

management guidelines similar to those developed by the Tulsa District.  At a minimum 
this document will include least tern management guidelines for each project and 
coordination procedures and contacts for April-September of each year.  The Corps will 
coordinate the development of this document with the Service to minimize take of terns.  
This document, once approved by the Service, will be incorporated into the Corps future 
actions and will supercede any previous guidelines. 

 
4. The Corps will conduct annual least tern monitoring at all nesting sites on the Arkansas, 

Canadian, and Red rivers within the Action Area, including reservoirs and the river 
reaches between reservoirs.  The Corps will develop a monitoring plan with specific 
information on how monitoring will be conducted; this plan should be developed with 
input from the Interior Least Tern Working Group, but must be approved by the Service.  
Information to be collected will include, but not be limited to, the number of adult terns, 
elevation of nests and freeboard representing the highest and lowest nests at each nesting 
site, locations (as measured with a global positioning system) in latitude and longitude or 
UTMs of nesting sites, evidence of landbridging, evidence of predation or disturbance, 
and number of nests, chicks and fledglings.  In conducting the annual least tern surveys, 
the Corps will continue to collect information on mortality, injury, and productivity.  The 
number and type of mortality (in categories currently used by the Corps) will be recorded 
for adults, chicks, eggs, and nests along with any other useful observations.  The Corps 
will record mortality caused by its operations, any measures taken to reduce mortality, 
and the effectiveness of these measures to reduce take.  The Corps also will collect 
information on annual productivity, including the number of fledglings per breeding pair. 

 
5. In accordance with other annual reporting requirements in this BO, the Corps will 

provide to the Service, by December 31 of each year, the information collected as 
described by these Terms and Conditions along with analyses, conclusions, and 
recommendations. 

 
RMP 3.  Monitor and evaluate least tern habitat conditions. 
 

1. The Corps shall monitor and map, on a periodic basis (at least once every 3 years), all 
potential tern nesting habitat on the Arkansas, Canadian, and Red rivers within the Action 
Area.  The mapping information will be used to determine the quantity and quality of 
least tern habitat over time.  Habitat monitoring must include estimates, by reach, of the 
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average channel width, and area of vegetated and relatively unvegetated (<30 percent) 
sandbars and islands at flows that represent maximum hydropower releases, and 
relatively minor flood release flows that would occur during the least tern nesting season.  
A new habitat monitoring plan will be developed with input from the Interior Least Tern 
Working Group for each river system.  Monitoring must be initiated during the 2007 
nesting season.  Mapping products or updates on data collection will be provided in the 
annual report. 

 
RPM 4.  Reduce predation and human disturbance of least terns. 
 

1. The Corps will evaluate various measures to reduce predation of least terns.  The Corps 
will prepare a report describing its findings from the predation reduction evaluation, 
along with its recommendations.  This report will be completed by April 1, 2007 and 
provided to the Service for review. 

 
2. The Corps will implement measures approved by the Service to reduce predation at all 

constructed or enhanced least tern nesting sites. 
  
3. The Corps shall post signs at least tern nesting sites that the Service and Corps jointly 

deem could be affected by human disturbance and may benefit from posting signs (e.g., 
large colonies, areas with high human use, sites used by ATV’s or other ORV’s, sites 
with history of human disturbance).  The Corps will contact landowners of nesting sites 
not owned or controlled by the Corps to obtain permission to post signs.  With landowner 
permission, the signs will be placed at strategic locations and densities to best deter 
human entry.  The signs should clearly deny entry, describe the potential for death and 
injury of least terns from entry, the penalties under the ESA for harming a threatened or 
endangered species, and general information on the life history of least terns.  The Corps 
will coordinate with Service and State personnel on any nesting sites requiring 
surveillance and/or enforcement action. 

 
4. All personnel involved with surveying, studying, maintaining habitat, and related 

activities will be trained to use current methods to avoid impacting terns. 
 

5. At least tern nesting sites owned and managed by the Corps, monitor and manage 
recreation and other activities to avoid or minimize human disturbance. 

 
6. The Corps will conduct a public outreach and education program on the conservation of 

the least tern.  In addition to using traditional outreach products and activities (e.g., 
brochures, videos, interpretative programs, posters), the Corps will produce and distribute 
each year during the least tern nesting season Public Service Announcements about least 
terns in the Action Area.  The Public Service Announcements should be available for 
public use as well as in the Corps’ project offices. 
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PROCEDURES FOR HANDLING AND DISPOSING OF INTERIOR LEAST TERNS 
 
Upon locating a dead or injured adult or juvenile least tern, the Oklahoma Ecological Services 
Field Office should be notified as expeditiously as possible.  Care will be taken in handling sick 
or injured specimens to ensure effective treatment and when handling dead specimens to 
preserve biological materials in the best possible state for later analysis of cause of death.  The 
finder must ensure that evidence intrinsic to the specimen is not unnecessarily disturbed. 
 
All dead or moribund individuals will be frozen and the date and location of collection recorded.  
These specimens should then be furnished to the university, museum, or agency specified by the 
Service. 
 
The reasonable and prudent measures, with their implementing terms and conditions, are 
designed to minimize the impact of incidental take that might otherwise result from the proposed 
action.  If, during the course of the action, the amount or extent of the incidental take limit is 
exceeded, such incidental take represents new information requiring reinitiation of consultation 
and review of the RPMs and terms and conditions provided.  The Federal agency must 
immediately provide an explanation of the causes of the taking and review with the Service the 
need for possible modification of the RPMs and terms and conditions. 
 
 

CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the 
purposes of the Act by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery plans or develop information.  Implementation of these measures 
would help facilitate recovery of the least tern. 
 

A. The Corps and SWPA should work with the Service to immediately establish a least tern 
coordination team (LTCT) to identify and implement the goals of this BO.  That team 
will be responsible for ensuring implementation of future conservation measures; 
tracking, evaluating, and documenting the results of those measures; and tracking and 
documenting sufficient progress in conserving this listed species.  The LTCT should 
involve additional agencies or groups, as appropriate, with biological and engineering 
expertise.  The LTCT should coordinate with the Interior Least Tern Working Group to 
improve implementation of monitoring and recovery measures. 

 
B. Conduct least tern monitoring on river reaches upstream of Corps reservoirs.  Least tern 

populations nesting on the Cimarron, Canadian, and Red rivers upstream of Corps 
reservoirs should be monitored to help determine movements of terns from downstream 
areas during and after flood events or other disturbances.  The reproductive success of 
these terns should be monitored to determine the comparative nesting success of terns 
above and below Corps reservoirs. 
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C. The Corps should initiate other studies as appropriate to investigate the long-term effects 
of riverbed changes/sediment transport and their impacts to least tern nesting habitat, 
forage availability, and forage areas. 

D. The Corps should initiate studies to evaluate the abundance and availability of forage fish 
for least terns during the nesting season.  The effects of operational flows on forage fish 
also should be investigated to develop modifications of flows to benefit forage fish 
populations.  The abundance and availability of forage may be a limiting factor to the 
success of nesting least terns. 

E. The Corps should research and develop methods to restore the dynamic equilibrium of 
sediment transport and associated turbidity in river reaches downstream of reservoirs. 

F. The Corps should conduct or assist in research on the ABB to fill data gaps regarding the 
ecology and biology of the ABB.  Data gaps involving the ABB include: suitable 
reproductive habitat, overwintering habitat, and diurnal active season habitat.  The 
Service recommends coordinating research proposals with the Oklahoma Field Office. 

G. The Corps should assist in monitoring and habitat management for Ivory-billed 
woodpeckers in appropriate portions of the project area. 

 
In order for the Service to be kept informed of actions that either minimize or avoid adverse 
effects or benefit listed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
 
 

REINITIATION NOTICE 
 
This concludes formal consultation on the action outlined in your biological and environmental 
assessments.  As provided in 50 CFR §402.16, reinitiation of formal consultation is required 
where discretionary Federal agency involvement or control over the action has been retained (or 
is authorized by law) and if: (1) the amount or extent of incidental take is exceeded; (2) new 
information reveals effects of the agency action that may affect listed species or critical habitat in 
a manner or to an extent not considered in this opinion; (3) the agency action is subsequently 
modified in a manner that causes an effect to listed species or critical habitat not considered in 
this opinion; or (4) a new species is listed or critical habitat designated that may be affected by 
the action.  In instances where the amount or extent of incidental take is exceeded, any 
operations causing such take must cease pending reinitiation of consultation. 
 
Thank you for the information and cooperation provided by the Corps in this consultation.  
Questions or comments should be referred to Mr. Kevin Stubbs of this office at 918/581-7458 
(ext. 236). 
 
       Sincerely, 
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       Jerry J. Brabander 
       Field Supervisor 
 
cc: Regional Director, U.S. Fish and Wildlife Service, Albuquerque, NM  (AES/SE). 
 U.S. Fish and Wildlife Service, ARESFO, Conway, Arkansas 
 Director, Natural Resource Section, ODWC, Oklahoma City, OK. 
 Director, Arkansas Game and Fish Commission, Little Rock, AR 
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C.5 Terrestrial Habitat Evaluation Procedures 

C.5.1 Introduction 
The U.S. Army Corps of Engineers (USACE), Little Rock and Tulsa Districts, in association 
with the preparation of an Environmental Impact Statement (EIS) to evaluate the environmental 
impacts of the proposed dredging and flow changes on the McClellan-Kerr Arkansas River 
Navigation System (MKARNS), have completed Habitat Evaluation Procedures (HEP) to 
determine impacts resulting from dredge disposal on terrestrial habitat along the MKARNS and 
ecological benefits resulting from the proposed mitigation.  The use of a community habitat 
assessment approach for a HEP application in a navigation study demonstrates the effectiveness 
of these models in the evaluation of potential impacts and mitigation success. 

The HEP methodology is an environmental accounting process developed to appraise habitat 
suitability for fish and wildlife species in the face of potential change (USFWS, 1980a-c).  
Designed to predict the response of habitat parameters in a quantifiable fashion, HEP is an 
objective, reliable, and well-documented process used nationwide to generate environmental 
outputs for all levels of proposed projects and monitoring operations in the natural resources 
arena.  When applied correctly, HEP provides an impartial look at environmental effects, and 
delivers measurable products to the user for comparative analysis. 

In HEP, a Suitability Index, or SI is a mathematical relationship that reflects a species' or 
community’s sensitivity to a change in a limiting factor (i.e., variable) within the habitat type.  
These suitability relationships are depicted using scatter plots and bar charts (i.e., suitability 
curves).  The SI value ranges from 0.0 to 1.0, where an SI = 0.0 represents a variable that is 
extremely limiting, and an SI = 1.0 represents a variable in abundance (not limiting) for the 
species or community.  In HEP, a Habitat Suitability Index (HSI) model is a quantitative 
estimate of habitat conditions for an evaluation species or community.  HSI models combine the 
SIs of measurable variables into a formula depicting the limiting characteristics of the site for 
the species/community on a scale of 0.0 (unsuitable) to 1.0 (optimal).   

The HEP was designed to evaluate the future changes in quantity (acres) and quality (habitat 
suitability and functional capacity) of terrestrial ecosystems.  Outputs were calculated in terms 
of annualized changes anticipated over the life of the project [i.e., Average Annual Habitat 
Units (AAHUs)] in the HEP analyses. 

C.5.2 Building a Multidisciplinary Evaluation Team 
Early in the evaluation process, a Multiagency Ecosystem Evaluation Team (MEET) was 
convened.  This was a multidisciplinary team that included various interests and technical 
expertise.  To date, the following team members have contributed to the effort: 

• Mr. Johnny McLean, USACE Little Rock District 

• Mr. Tony Hill, USACE Little Rock 

• Ms. Sandra Stiles, USACE Tulsa District 

• Mr. Wesley Fowler, USACE Tulsa District 

• Mr. Charles Schrodt, USACE Tulsa District 
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• Mr. Richard Stark, U.S. Fish and Wildlife Service (USFWS), Oklahoma 

• Mr. Kevin Stubbs, USFWS, Oklahoma 

• Mr. Lindsey Lewis, USFWS, Arkansas 

• Ms. Marge Harney, USFWS  

• Mr. Craig Uyeda, Arkansas Game & Fish Commission (AGFC) 

• Mr. Jeff Quinn, AGFC 

• Mr. J.D. Ridge, Oklahoma Department of Wildlife Conservation (ODWC) 

• Mr. Gary Peterson, ODWC 

• Mr. Mike Plunkett, ODWC 

• Mr. Randy Hyler, ODWC 

• Mr. Stephen Weber, Oklahoma Department of Environmental Quality 

• Ms. Antisa Webb, U.S. Army Engineer Research and Development Center 
Environmental Laboratory (ERDC-EL) 

• Ms. Kelly Burks-Copes, ERDC-EL 

• Mr. Richard Hall, Contractor, Parsons Corp. 

• Mr. Randy Norris, Contractor, Parsons Corp. 

• Ms. Virginia Flynn, Contractor, Parsons Corp. 

• Ms. Enid McNutt, Contractor, Parsons Corp. 

• Mr. Luke Eggering, Contractor, Parsons Corp. 

C.5.3 Defining the Project  

C.5.3.1 Geographic Location, Watersheds, and Primary Water Resources 
The affected environment includes the MKARNS from the Port of Catoosa near Tulsa, 
Oklahoma downstream to the confluence of the Mississippi River in southeastern Arkansas as 
well as 11 reservoirs in Oklahoma that influence river flow within the MKARNS. 

The MKARNS is approximately 445 miles in length and consists of a series of 18 locks and 
dams (17 existing and 1 currently under construction).  The principal components of the 
MKARNS waterways include: 

• A 50 mile portion of the Verdigris River (navigation miles 445-394); 

• Lower Arkansas River, which comprises 375 miles of the MKARNS (navigation miles 
394 to 19); 

• The Arkansas Post Canal, a nine mile canal connecting the Arkansas River to the lower 
portion of the White River (navigation miles 19 to 10); and  

• The lower 10 miles of the White River (navigation miles 10 to 0); 
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• The Lower Arkansas River downstream of Dam 2 (not formally part of the MKARNS).  
This portion of the Arkansas River is included in the Arkansas River Navigation Study 
project area because MKARNS river flows may also influence this segment of the river. 

River flows on the MKARNS are primarily influenced by flows on the upper Arkansas River 
upstream of the confluence with the Verdigris River (river mile 394); as well as water storage 
and release from 11 reservoirs in Oklahoma.  These reservoirs provide flood control, water 
supply, hydroelectric power, fish & wildlife, recreation, and other benefits. 

More detailed information on the MKARNS environment is available in Section 4 of the EIS. 

C.5.3.2 Lead District 
The MKARNS falls under the purview of the USACE, Little Rock District, Arkansas.  The 
effort is being carried out in conjunction with the USACE, Tulsa District, Oklahoma.  These 
Districts are two of four districts that make up the USACE Southwestern Division.  The 
planning lead for the Navigation Study is Mr. Ron Carman (Little Rock District), and the 
environmental leads for the study are Mr. Johnny McLean (Little Rock District) and Ms. Sandra 
Stiles (Tulsa District). 

C.5.4 Project Purpose 
Site-specific HEPs were conducted to evaluate potential impacts of the construction and use of 
proposed dredge disposal areas.  The primary purpose was to assist the study team in 
formulating a recommended plan by providing a quantitative measure or qualitative evaluation 
of environmental impacts and estimated habitat replacement costs.  Detailed analysis of site-
specific impacts, based on any recommended/authorized measures, will not be possible until 
detailed design information for those measures is available.  Should future construction 
activities be recommended, detailed site-specific evaluations would be completed for each 
incremental step towards completion of the action.  Site surveys would be conducted to 
determine the potential for environmental impacts. 

C.5.5 Determining Goals and Objectives, Project Life, and Target Years. 
A meeting was convened early in March of 2004 to conduct the HEP for the MKARNS EIS.  
The MEET was asked to outline the primary systems or communities within the project area in 
order to gauge the impacts of the proposed alternatives.  Specifically, these impact parameters 
focused on the existing habitat quantity and quality.  First, the MEET developed a list of 
existing cover types in the region.  These are shown in Table C-1. 

Table C-1.  Cover Types Within the ARNS Region. 

Code Description 

AGCROP Farms and Croplands 

BLHFOREST Bottomland Hardwood Forest (BLH) 

OLDFIELD Old Fields Dominated by Grasses with > 25% Woody Cover (OLF) 

OPENFIELD Open Fields Dominated by Grasses with < 25% Woody Cover (OF) 

OPENWATER Open Bodies of Water Deeper than 1-3m 
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Table C-1.  Cover Types Within the ARNS Region. 
PARKS Parks and Recreation Areas 

PASTURES Haylands and Pastures 

UPFOREST Upland Forest (UPL) 

URBAN Existing Residential, Industrial and Transportation Avenues 

DISPOSAL Disposal Pit Footprint 

Source:  ERDC-EL, 2004 

The MEET then outlined the potential project alternatives and mitigation activities, and created 
a list of proposed changes to the cover types over time resulting from natural succession or 
mitigation activities.  These changes resulted in “newly developed” cover types including those 
listed in Table C-2.  The MEET chose two alternatives for the study to intensively evaluate with 
HEP: 

• Dredge disposal from deepening, and/or continued operation and maintenance of the 
ARNS; and 

• No action alternative. 

Table C-2. Potential Newly Created Cover Types Within the ARNS. 

Code Description 

NEWBLHFOR Newly Developed Bottomland Hardwood Forest 

NEWOLD Newly Developed Old Field (> 25% Woody Cover) 

NEWOPEN Newly Developed Open Fields (< 25% Woody Cover) 

NEWUPFOR Newly Developed Upland Forest 

NEWMARSH Newly Developed Emergent Marsh 

Source:  ERDC-EL, 2004 

C.5.6 Cover Type Mapping the Sites 
To evaluate the habitat conditions for a species or community using HEP, the study area was 
divided into manageable sections and quantified in terms of acres.  This process is known as 
cover typing.  A cover type in HEP is a parcel of land (or water) that has similar physical, 
chemical, and biological characteristics contained within its borders.  Cover typing includes 
defining the differences between vegetative covers (e.g., tall grass prairie, forested wetlands, 
shrub lands, lakes, and streams, etc.), and clearly delineating these distinctions on a map.  The 
quality of each cover type for the selected species or community is determined by measuring 
individual variables within the site.  Some examples of HEP variables used in this study 
included the amount of herbaceous cover, the amount of woody cover, the distance to water, the 
number of pools, number of species, and adjacent land use for a given cover type.  In most 
instances, these variables are measured using aerial photographs, maps and/or onsite sampling 
activities.   
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Cover type for each site evaluated was mapped using existing aerial photography and 
information from transects in the field.  All areas adjacent to and within the proposed site were 
mapped. 

C.5.7 Capturing Changes Over Time in HEP Applications 
In studies spanning several years, Target Years (TYs) must be identified early in the process.  
Target Years are units of time measurement used in HEP that allow users to anticipate and 
identify significant changes (in area or quality) within the project (or site).  As a rule, the 
baseline TY is always TY = 0, where the baseline year is defined as a point in time before 
proposed changes would be implemented.  As a second rule, there must always be a TY = 1 and 
a TY = X2.  TY1 is the first year land- and water-use conditions are expected to deviate from 
baseline conditions.  TYX2 designates the ending target year or the span of the project’s life.  A 
new target year must be assigned for each year the user intends to develop or evaluate change 
within the site or project.  The habitat conditions (quality and quantity) described for each TY 
are the expected conditions at the end of that year.  It is important to maintain the same target 
years in both the environmental and economic analyses, and between the baseline and future 
analyses.  In studies focused on long-term effects, Habitat Units (HUs) generated for indicator 
species/communities are estimated for several TYs to reflect the life of the project.  In such 
analyses, future habitat conditions are estimated for both the without-project (e.g., No Action 
Alternative) and with-project conditions.  Projected long-term effects of the project are reported 
in terms of AAHUs.  Based on the AAHU outcomes, alternative designs can be formulated and 
trade-off analyses can be conducted to promote environmental optimization (ERDC-EL, 2004a). 

The USACE designated a “Project Life” of 50 years for the ARNS, and asked the MEET to 
develop a series of Target Years within this 50-year setting to generate projections of both 
Without Project and With Project activities.  Target years for the ARNS therefore included TY0 
(Baseline Conditions), TY1 (Year of Construction), TY11 (Early in Project), T31 (Middle of 
Project) and TY51 (End of Project) to capture this 50-year span.  The TY11 and TY31 were 
added to capture important anticipated changes in vegetative cover and structure in the study 
area. 

C.5.8 Selecting, Modifying, and/or Creating Models 
With the cover types identified, and their distributions and quantities revealed, the MEET 
attempted to set quantifiable impact measures and mitigation performance measures for the 
proposed actions.  The impact measures focused on the quantity (measured in acres) and quality 
(measured in terms of Habitat Suitability Indices or HSIs) of habitat lost or created throughout 
the life of the project.  The mitigation criteria focused on the recovery of a specific habitats, 
defined on the basis of quantity recovered, and obtainable habitat quality. 

HSI models can be tailored to a particular situation or application and adapted to meet the level 
of effort desired by the user.  Thus, a single model (or a series of inter-related models) can be 
adapted to reflect a site’s response to a particular design at any scale (e.g., species, community, 
ecosystem, regional, or global dimensions).  HEP combines both the habitat quality (HSI) and 
quantity of a site (measured in acres) to generate habitat units (HUs).  Once the HSI and habitat 
quantities have been determined, the HU values can be mathematically derived with the 
following equation:  HU = HSI x Area (acres).  Under the HEP methodology, one HU is 
equivalent to one acre of optimal habitat for a given species or community (ERDC-EL, 2004a). 
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Three HSI models, each with three sub-models, were deployed in the HEP assessments.  The 
forest and grassland models applied to the impact sites, while the marsh model applied to the 
mitigation sites.  The HSI models were developed and modified by the MEET, and used to 
evaluate the relationships within terrestrial and marsh communities in the Arkansas River 
ecosystem setting. 

Table C-3. HSI Model List for ARNS EIS. 

Model Model Codes Description 

FBIOTA Biota of the Forest Community 

FWATER Water Component of the Forest Community FORESTS 

FLANDSCAPE Landscape Component of the Forest Community 

GBIOTA Biota of the Grassland Community GRASSLANDS 
GLANDSCAPE Landscape Component of the Grassland Community 

MBIOTA Habitat (Biota) Component for Marsh Community MARSH 
MLANDSCAPE Landscape Component for Marsh Community 

Source:  ERDC-EL, 2004b 

C.5.9 Site Data Collection 
In the spring of 2004, members of the MEET completed intensive baseline habitat sampling at 
22 sites across the Arkansas River ecosystem.  These sites were considered upland/terrestrial 
sites.  Of the 22 HEP sites, 6 sites served as reference standard sites (RSS) for the calibration of 
the HEP models.  These sites were not potential dredge disposal sites, but examples of typical 
forest and grassland habitat within the study area.  Twelve of the HEP sites were targeted as 
potential dredge disposal locations above the floodplain.  These sites were used as reference 
impact sites (RIS) to develop baseline conditions in the HEP analysis and used to extrapolate 
impacts to sites not surveyed.  A total of 13 HSI variables were measured during the field 
sampling effort in an attempt to develop a description of the baseline (Spring 2004) conditions 
at these sites.  Variables ranged from measurements of vegetative cover to the counting of the 
number of species.  These variables are described in detail in Table C-4 below.  The sampling 
effort could be completed efficiently on 100-meter (m) transects.   

Some variables could be obtained through various historical records, aerial photos or 
mathematical calculations rather than through active field sampling.  Six HSI variables were 
obtained from Geographic Information System (GIS) resources and spreadsheet calculations.  
These variables are described in detail in Table C-5. 

The following methods were used to obtain some of those variables: 

• Landcover types were mapped using aerial photography and information from transects 
in the field.  Mapped areas were immediately adjacent to proposed sites. 

• Acreage for PATCH variable was calculated within the GIS software. 

• A 100m buffer was applied inside patch and acreage of buffer calculated using GIS 
software.  Buffer acreage was divided by the PATCH variable to obtain an edge 
variable. 
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• Buffer acreage was subtracted from total PATCH variable acreage to obtain core 
acreage.  The difference in PATCH acreage and buffer acreage was divided by PATCH 
acreage to obtain the CORE variable. 

• An automated routine within the GIS software was used to determine a centerpoint for 
each patch.  Using the centerpoint, the DISTOPW (distance to open water) variable was 
measured using the measure tool in ArcGIS.  The NEIGHBOR (nearest neighbor) 
variable was determined the same way. 

• The ADLAND variable was obtained by generating 30 random points within the patch 
and visually determining the adjacent land use. 
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Table C-4. Variables Measured in the Field. 

VAR Code Variable Description Methodology, Techniques and Assumptions Model 
Applicability 

Cover Type Cross-
Reference 

Equipment 
List 

CANEMERG Emergent Herbaceous 
Vegetation Canopy 
Cover  (%) 

Starting at a random location within each marsh-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a 1-m2 quadrat on the ground and estimate 
the percent of the water surface shaded by a vertical projection 
of the canopies of emergent herbaceous vegetation, both 
persistent and nonpersistent.  

MARSH 
MBIOTA 

NEWMARSH 100-m 
Transect Tape 
and 1-m2 
Quadrat 

CANFORB Proportion of the 
Herbaceous Canopy 
Cover Comprised of 
Forbs (%) 

Starting at a random location within each grassland-based 
cover type, lay out a 100-m transect.  At every 10-m interval 
along the transect, place a 1-m2 quadrat on the ground and 
estimate the proportion of the herbaceous canopy cover within 
the quadrat that is comprised of forbs.  Repeat the process two 
more times (total number of data points = 30 per cover type). 

GRASSLANDS 
GBIOTA 

OLDFIELD 
NEWOLD 
OPENFIELD 
NEWOPEN 

100-m 
Transect Tape 
and 1-m2 
Quadrat 

CANHERB Herbaceous Canopy 
Cover (%) 

Starting at a random location within each grassland-based 
cover type, lay out a 100-m transect.  At every 10-m interval 
along the transect, place a 1-m2 quadrat on the ground and 
estimate the herbaceous canopy cover within the quadrat.  
Repeat the process two more times (total number of data points 
= 30 per cover type). 

GRASSLANDS 
GBIOTA 

OLDFIELD 
NEWOLD 
OPENFIELD 
NEWOPEN 

100-m 
Transect Tape 
and 1-m2 
Quadrat 

CANHMAST Proportion of the 
Tree Canopy 
Comprised of Hard 
Mast Species (%) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a 1-m2 quadrat on the ground.  Stand in the 
center of this quadrat and use an optic tube to determine the 
percent of the tree canopy within the viewer that is comprised 
of hard mast species.  By definition, trees must be at least 20 
feet tall and/or have a dbh of 6 inches to be included in this 
measurement.  Repeat the process two more times (total 
number of data points = 30 per cover type). 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect 
Tape, 1-m2 
Quadrat and 
Optic Tube 
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Table C-4. Variables Measured in the Field. 

VAR Code Variable Description Methodology, Techniques and Assumptions Model 
Applicability 

Cover Type Cross-
Reference 

Equipment 
List 

CANNATIVE Proportion of the 
Herbaceous Canopy 
Cover Comprised of 
Native Species (%) 

Starting at a random location within each grassland-based 
cover type, lay out a 100-m transect.  At every 10-m interval 
along the transect, place a 1-m2 quadrat on the ground and 
estimate the proportion of the herbaceous canopy cover within 
the quadrat that is comprised of native species.  Repeat the 
process two more times (total number of data points = 30 per 
cover type). 

GRASSLANDS 
GBIOTA 

OLDFIELD 
NEWOLD 
OPENFIELD 
NEWOPEN 

100-m 
Transect Tape 
and 1-m2 
Quadrat 

CANSHRUB Shrub Canopy Cover 
(%) 

Starting at a random location within each grassland-based 
cover type, lay out a 100-m transect.  At every 10-m interval 
along the transect, place a 1-m2 quadrat on the ground and 
estimate the shrub canopy cover within the quadrat.  By 
definition, shrubs are defined as woody vegetation less than 20 
feet tall (dbh < 6 inches).  Repeat the process two more times 
(total number of data points = 30 per cover type). 

GRASSLANDS 
GBIOTA 

OLDFIELD 
NEWOLD 
OPENFIELD 
NEWOPEN 

100-m 
Transect Tape 
and 1-m2 
Quadrat 

CANSMAST Proportion of the 
Tree Canopy 
Comprised of Soft 
Mast Species (%) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a 1-m2 quadrat on the ground.  Stand in the 
center of this quadrat and use an optic tube to determine the 
percent of the tree canopy within the viewer that is comprised 
of soft mast species.  By definition, trees must be at least 20 
feet tall and/or have a dbh of 6 inches to be included in this 
measurement.  Repeat the process two more times (total 
number of data points = 30 per cover type). 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect 
Tape, 1-m2 
Quadrat and 
Optic Tube 

CANTREE Percent Tree Canopy 
Cover (%) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a 1-m2 quadrat on the ground.  Stand in the 
center of this quadrat and use an optic tube to determine the 
percent tree canopy within the viewer.  By definition, trees 
must be at least 20 feet tall and/or have a dbh of 6 inches to be 
included in this measurement.  Repeat the process two more 
times (total number of data points = 30 per cover type). 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect 
Tape, 1-m2 
Quadrat and 
Optic Tube 
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Table C-4. Variables Measured in the Field. 

VAR Code Variable Description Methodology, Techniques and Assumptions Model 
Applicability 

Cover Type Cross-
Reference 

Equipment 
List 

CANWOOD6 Percent Canopy 
Cover of Woody 
Vegetation < 6m  Tall 
(%) 

Starting at a random location within each marsh-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a 1-m2 quadrat on the ground and estimate 
the percent of the ground surface that is shaded by a vertical 
projection of the canopies of all woody vegetation. 

MARSH 
MBIOTA 

NEWMARSH 100-m 
Transect Tape 
and 1-m2 
Quadrat 

DBHTREE Average Tree 
Diameter (dbh) (cm) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect tape.  Establish a 10-m wide belt 
transect parallel to the 100-m transect tape (5-m on each side 
of the tape).  Walk along this belt for 10-m, and measure the 
diameter at breast height of all trees >10 dbh or taller than 20 
feet within the belt.  Repeat the 10x10 belt approach for the 
length of the 100-m transect tape (10 sets of data points are 
collected per 100-m transect).  Repeat the process two more 
times (total number of data point sets = 30 per cover type). 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect Tape 
and DBH 
Tape 

DEPTHWATER Average Water Depth  
in centimeters (cm) 

Starting at a random location within each marsh-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, place a graduated rod or meter stick perpendicular 
to the ground and measure the water depth (cm). 

MARSH 
MBIOTA 

NEWMARSH 100-m 
Transect Tape 
and Graduated 
Rod or Meter 
Stick 

DIVERSVEG Diversity of Indicator 
Species 

Starting at a random location within each marsh-based cover 
type, lay out a 100-m transect.  At every 10-m interval along 
the transect, walk out 5m in all 4 directions of the tape and 
record the category of indicator species that best represents the 
10-m square section along the belt.Class Data:0 = No Data 
Collected1 = Cattails, Cordgrasses, Bulrushes2 = Bluejoint 
Reedgrass, Reed Canary-Grass, Sedges3 = Buttonbush, 
Mangrove4 = Other Growth Forms not listed. 

MARSH 
MBIOTA 

NEWMARSH 100-m 
Transect Tape 
and 10-m2 
belt section 
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Table C-4. Variables Measured in the Field. 

VAR Code Variable Description Methodology, Techniques and Assumptions Model 
Applicability 

Cover Type Cross-
Reference 

Equipment 
List 

NUMSPP Number of Species 
Present (Count) 

Starting at a random location within each grassland-based 
cover type, lay out a 100-m transect.  At every 10-m interval 
along the transect, place a 1-m2 quadrat on the ground and 
record then total number of species present within the quadrat.  
Repeat the process two more times (total number of data points 
= 30 per cover type). 

GRASSLANDS 
GBIOTA 

OLDFIELD 
NEWOLD 
OPENFIELD 
NEWOPEN 

100-m 
Transect Tape 
and 1-m2 
Quadrat 

NUMTREESP Number of Tree 
Species Present 
(Count) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect tape.  Establish a 10-m wide belt 
transect parallel to the 100-m transect tape (5-m on each side 
of the tape).  Walk along this belt for 10-m, and identify (to 
species) trees within the belt.  By definition, trees must be at 
least 20 feet tall and/or have a dbh of 6 inches to be included in 
this measurement.  Repeat the 10x10 belt approach for the 
length of the 100-m transect tape (10 sets of data points are 
collected per 100-m transect).  Repeat the process two more 
times (total number of data point sets = 30 per cover type).  
Sum the number of species found per transect. 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect Tape 
and DBH 
Tape 

VEGSTRATA Number of 
Vegetation Strata 
Present (Count) 

Starting at a random location within each forest-based cover 
type, lay out a 100-m transect tape.  Establish a 10-m wide belt 
transect parallel to the 100-m transect tape (5-m on each side 
of the tape).  Walk along this belt for 10-m, and identify all 
vegetative layers present (see list below).  Repeat the 10x10 
belt approach for the length of the 100-m transect tape (10 sets 
of data points are collected per 100-m transect).  Repeat the 
process two more times (total number of data point sets = 30 
per cover type). 
 
Vegetative Layers to Record Include:   
Herbaceous - herbaceous vegetation layer less than 1m (39 
inches) in height. 
Shrubs - woody vegetation layer less than 3m (~10ft) in height.
Midstory Tree Canopy - woody vegetation layer 3-6m (~10-20 
ft) in height. 

FORESTS 
FBIOTA 

BLHFOREST 
NEWBLHFOR 
UPFOREST 
NEWUPFOR 

100-m 
Transect Tape 
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Table C-4. Variables Measured in the Field. 

VAR Code Variable Description Methodology, Techniques and Assumptions Model 
Applicability 

Cover Type Cross-
Reference 

Equipment 
List 

Overstory Tree Canopy - woody vegetation layer greater than 
6m (~20 ft) in height. 
Vines - woody vines allowing for travel lanes  
Duff, Twigs, Leaf Litter - down or dead wood or herbaceous 
litter 
Coarse Woody Debris - down or dead wood debris greater than 
or equal to 10 cm (2.5 inches) diameter. 
Snags - dead but standing trees. 
Micro Relief - small pockets or mounds that may allow for 
cover or ponding water. 

Source:  ERDC-EL, 2004b 
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Table C-5.  Variables Gathered via GIS & Historical Records. 

VAR Code Variable Description Methodology, Techniques and Assumptions 
Model 

Applicability 
Cover Type Cross-

Reference 
Equipment 

List 

ADJLANDUSE 

Identification of 
Adjacent Lands Use 
(Class Data) 

Using GIS, select 30 random points within each cover type 
and identify the predominant adjacent landuse type based on 
the following categories. 
Class data: NEED Better definitions 
1 = Pristine, Uninhabited Areas 
2 = Parks 
3 = Pasturelands  
4 = Utility Rights-of-way and Rail Roads 
5 = Dirt and Gravel roads, Oil and Gas Fields 
6 = Agricultural Croplands 
7 = Residential and Golf Courses 
8 = Paved Roads, Highways 
9 = Commercial/Industrial  

FORESTS 
FLANDSCAPE 
GRASSLANDS 
GLANDSCAPE 

MARSH 
MLANDSCAPE 

BLHFOREST 
NEWBLHFOR 

UPFOREST 
NEWUPFOR 
OLDFIELD 
NEWOLD 

OPENFIELD 
NEWOPEN 

NEWMARSH 
GIS & 

Calculations 

CORE 
Proportion of Total 
Area that is Core (%) 

Using GIS, determine the proportion (%) of the total area of 
the cover type polygon that is core area. 

FORESTS 
FLANDSCAPE 
GRASSLANDS 
GLANDSCAPE 

BLHFOREST 
NEWBLHFOR 

UPFOREST 
NEWUPFOR 
OLDFIELD 
NEWOLD 

OPENFIELD 
NEWOPEN 

GIS & 
Calculations 

DISTOPW 
Average Distance to 
Open Water (m) 

Using GIS, use a centroid point in the cover type polygon and 
measure the distance from the centroid to the edge of the 
nearest open water body. 

FORESTS 
FLANDSCAPE 

BLHFOREST 
NEWBLHFOR 

UPFOREST 
NEWUPFOR 

GIS & 
Calculations 

NEIGHBOR 

Distance to Nearest 
Neighbor of Similar 
Cover Type (m) 

Using GIS, use a centroid point in the cover type polygon and 
measure the distance from the centroid to the edge of the 
nearest neighbor (neighbor = polygon of similar land use 
classification). 

FORESTS 
FWATER 
MARSH 
MBIOTA 

BLHFOREST 
NEWBLHFOR 

UPFOREST 
NEWUPFOR 
NEWMARSH 

GIS & 
Calculations 
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Table C-5.  Variables Gathered via GIS & Historical Records. 

VAR Code Variable Description Methodology, Techniques and Assumptions 
Model 

Applicability 
Cover Type Cross-

Reference 
Equipment 

List 

PATCHSIZE Patch Size (acres) 
Using GIS, calculate the average patch size( in acres) of the 
polygons for each cover type present. 

FORESTS 
FLANDSCAPE 
GRASSLANDS 
GLANDSCAPE 

MARSH 
MLANDSCAPE 

BLHFOREST 
NEWBLHFOR 

UPFOREST 
NEWUPFOR 
OLDFIELD 
NEWOLD 

OPENFIELD 
NEWOPEN 

NEWMARSH 
GIS & 

Calculations 

REGIME 
Hydrologic Regime 
(Class Data) 

Using the Cowardin Classification System, record the 
predominant hydrologic regime for the site.  Refer to the 
categories listed below. 
1 = Permanently flooded 
2 = Intermittently exposed 
3 = Semipermanently flooded 
4 = Seasonally flooded 
5 = Temporarily flooded 
6 = Saturated 
7 = Intermittently flooded 

FORESTS 
FWATER 
MARSH 
MBIOTA 

BLHFOREST 
NEWBLHFOR 
NEWMARSH 

Historical 
Data 

Source:  ERDC-EL, 2004b 
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C.5.9.1 Field Sampling Protocol 
As indicated in the HEP variable tables above, three 100-m transect were laid down within the 
boundaries of the indicated cover type at each site, and variables were measured at 10 meter 
intervals (i.e., 10 sampling stops or stations per transect were made).  In this manner, 750 
separate stations (i.e., 25 cover type areas x 30 stations per cover type = 750) of data were 
recorded in the study.  In most instances, data collected on the cover type transects were 
averaged to generate a cover type score for the site.  This strategy reduced the coefficients of 
variance (i.e., standard deviations of the field data).  The one exception to this data-handling rule 
was the management of class data (e.g., VEGSTRATA), in which the modes were calculated 
instead of averages across transects within the cover type. 

C.5.9.2 Field Sampling Locations 
Reference standard sites were not potential or existing dredge disposal sites, but represented low, 
moderate, and high quality examples of different habitats within the study area.  Data collected 
for these sites was used to calibrate the HSI models and compare them to the dredge disposal 
sites.  These ten sites are listed in Table C-6. 

Table C-6.  Reference standard sites (non-disposal sites) used in the HEP analysis for the 
ARNS EIS. 

Site Name Navigation Miles 
Size 

(Acres) BLH OF OLF UPL  Notes 

RSR 1 352.0-356.0 1   X     Sequoyah Refuge, OK 

RSR 2 352.0-356.0 1     X   Sequoyah Refuge, OK 

RSR 3 352.0-356.0 1     X   Sequoyah Refuge, OK 

RSR 4 352.0-356.0 1       X Sequoyah Refuge, OK 

RSR 5 352.0-356.0 1       X Sequoyah Refuge, OK 

RSKR 434.4 – 434.6 1 X       Skelly Ranch (Private) 

RBL #1 440.4 – 440.8 1 X       Big Lake, OK 

RBL#2 440.1 – 440.2 1 X       Big Lake – East of dam 

RBL #3 440.5 – 441.0 1 X       Big Lake, OK 

RTGP 
 Site not along the 

Arkansas River 1   X     
Tallgrass Prairie Preserve west 
of Bartlesville, Oklahoma 

RTGP = Reference Tallgrass Prairie Preserve      OF = Open Field                                                                               
RSR = Reference Sequoyah Refuge                      OLF = Old Field 
RSKR = Reference Skelly Ranch                          BLH = Bottomland Hardwood 
RBL = Reference Big Lake                                    UPL= Upland Forest 
Source:  USACE-Tulsa, 2004 
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Reference impact sites were potential dredge disposal sites that served as the baseline of data 
with which the rest of the potential dredge disposal sites could be extrapolated from.  The 
reference impact sites along with the extrapolation impact sites are shown in Table C-7. 

C.5.10 Performing Data Management and Statistical Analysis 
Some limits to the assessment’s data should be acknowledged. In some instances, extrapolations 
or corrections were made several weeks after sampling was concluded.  In addition, some of the 
cover type mapping originally developed was ground-truthed, and found to be inaccurate.  As a 
result of these area-based changes, some transects were thrown out due to incompatibility with 
the new classification.  In those instances where transects were discarded or absent, 
extrapolations were made from watershed means.  When data management problems arose, 
ERDC-EL consulted with the MEET prior to data handling, and solutions were devised with 
their knowledge and consent. 

C.5.11 Calculating Baseline Conditions 
Once the baseline data inventory was conducted, and both the variable means/modes and the 
cover type acreages were determined, the baseline conditions in terms of HUs were generated by 
multiplication.  Strictly speaking, the means/mode values for each variable were applied to 
Suitability Index graphs (entered into the “X-axis” on the Suitability Index curve) and the 
resultant SI score (Y-axis) was recorded.  An example Suitability Index graph is shown in Figure 
C.5-1. 
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Figure C.5-1 Example HSI Curve (Source:  ERDC-EL, 2004b). 
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Table C-7.  Dredge disposal sites considered in the HEP analysis for the ARNS EIS. 

Cover Type 
Site Name 

Deepening 
Disposal 

Site 

Long Term 
Dredge 

Material 
Disposal 

Plan 

Navigation 
Mile(s) 

  
Acres 

BLH UPL  OF OLF Other 

Comments 

OK PRL-DI X X 1.5PR – 1.8PR 9    9      Poteau River; new O&M 
site 

OK 309.1 R-DI X X 309.05 – 309.3 28   5 23       

OK 312.5 R-DI   X 312.5 – 312.9 19    19       

OK 315.4 R-DI X X 315.4 – 315.8 36  8  28     

OK 318.3 R-DI   X* 311 80   20     60 Lock 14; new O&M site 

OK 335.8 R-DI* X   335.8 – 336.1 22 8   14     Robert Kerr L&D 

OK 335.9 L-DI* X   335.8 – 336.1 22     22     Robert Kerr L&D 

OK 337.2 R-DI* X   337.7 – 337.5 28    28      Short Mountain Park 

OK 338.0 R-DI X   338.0 – 338.2 28     28       

OK-SBC 8.7 L-DI   X SBC 8.7 – 9.3 35 8     27   Unconfined island 

OK-SBC 9.7 R-DI   X SBC 9.7 – 10.0 20 10 10       Unconfined island 

OK-SBC 10.0 R-DI   X SBC 10 – 11 20   16   4   Unconfined island 

OK 342.3 L-DI X   342.1 – 342.3 29   14   15   Two diked ponds 

OK 366.5 L-DI* X   366.3 – 366.6 6       6   Old spoil area near Lock 16 

OK 382.0 L-DI X   381.9 – 382.5 23    23        

OK 383.9 R-DI* X   383.9 – 384.3 42   2 13 27     

OK 394.0 R-DI   X 393.9 – 394.6 48      48    3 Forks Area; new site for 
O&M  

OK 395.2 L-DI   X 395.0 – 395.5 42      42    3 Forks Area 

OK 398.2 R-DI* X   398.2 – 398.8 44     34 10   North of Hwy 16 bridge; 
old disposal site 

OK 400.7 R-DI* X X 400.0 – 401.5 31       31     

OK 400.0 L-DI   X 400.2 23       23    New site for O&M 

OK 401.6 R-DI X X 401.5 – 402.2 39     39       
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Table C-7.  Dredge disposal sites considered in the HEP analysis for the ARNS EIS. 

Cover Type 
Site Name 

Deepening 
Disposal 

Site 

Long Term 
Dredge 

Material 
Disposal 

Plan 

Navigation 
Mile(s) 

  
Acres 

BLH UPL  OF OLF Other 

Comments 

OK 407.6 R-DI X   407.6 – 407.8 10   2   8     

OK 414.9 R-DI X   414.9 – 415.15 8      8    Old disposal pit 

OK 416.4 L-DI X   416.4 – 416.65 14       14     

OK 420.8 L-DI   X 420.5 – 421.8 63   10 43   10   

OK 421.3 R-DI* X   421.3 – 421.7 13     13     Old spoil site; closed park 

OK 422.9 L-DI X X 421.85 – 422.0 7     7     Existing spoil site 

OK 434.3 R-DI* X   434.0 – 434.8 10     10    Old disposal pits 

OK 436.1 L-DI* X   436.1 – 436.3 13    13       

OK 441.1 L-DI* X   441.0 – 441.5 12    12      Between river and old 
dredge pit 

OK 443.7 L-DI X   443.7 – 444.0 27     27     Old disposal site 

OK 444.6 L-DI   X 444.5 – 445.0  15      15      

OK 444.6 R-DI   X 444.5 – 445.2   9    9        
* Reference impact sites where field, GIS, and historical data was collected for HEP. 

 BLH = Bottomland Hardwood Forest       UPL=Upland Forest        OLF = Old Field        OF=Open Field 

 Ag = Agriculture        OK = Oklahoma 

 

Source:  USACE-Tulsa, 2004 
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The process was repeated for every associated variable and cover type per model.  The individual 
SI scores were then entered into the HSI formula on a cover type-by-cover type basis, and 
individual cover type HSIs were generated.  Each answer, referred to as the cover type HSI (CT 
HSI), was weighted by the relative area (RA) of the cover type, and combined with the answers 
from the remaining associated cover types in an additive fashion.  The model’s formula was 
considered to be the sum of the CT HSIs. 

The final step was to multiply the HSI result by the habitat acres (i.e., cover type acres associated 
with the model).  The final results, referred to as Habitat Units (HUs), quantified the quality and 
quantity of the habitats at the site at TY0 (Baseline). 
 
In HEP, the relative area is a mathematical process used to “weight” the various applicable cover 
types on the basis of quantity. To derive the relative area of a model’s cover type for the study, 
the following equation was utilized: 

Relative Area = Cover Type Area 
Total Area 

Cover Type Area = only those acres assigned to the cover type of interest 
Total Area = the sum of the acres utilized in the model 

HSI Model = � (CT HIS x RA)X 

CT HSI = Results of the cover type HSI calculation 
X = Number of cover types associated with the model 

RA = Relative area of each cover type (ERDC-EL, 2004a).  The sheer number of calculations 
necessary to conduct a HEP analysis on a project the size of the ARNS-EIS led the District to 
utilize the ERDC-EL for technical assistance.  Using the latest technological advancements, 
ERDC-EL performed the necessary evaluations in less than six months.  In addition to 
facilitating the application of HEP in the study, ERDC’s biologists used the EXHEP (Expert 
Habitat Evaluation Procedures) software package to generate habitat loss and mitigation 
calculations in a timely manner (ERDC-EL, 2004b). 

The baseline analysis results for the reference and potential disposal sites sampled in the field are 
presented in Table C-7. 

Table C-7.  Baseline HEP Results for RIS and RSS. 

Site Name Model name 

Habitat 
Suitability Index 

(HSI) 
Applicable 

Acres 

Baseline 
Habitat Units 

(HUs) 

RBL #1 Upland Forest Community Model 0.83 525 435.9 

  Grassland Community Model 0.00 0 0.0 

RBL #2 Upland Forest Community Model 0.65 158 103.1 

  Grassland Community Model 0.00 0 0.0 

RBL #3 Upland Forest Community Model 0.55 97 53.3 

  Grassland Community Model 0.00 0 0.0 
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Table C-7.  Baseline HEP Results for RIS and RSS. 

Site Name Model name 

Habitat 
Suitability Index 

(HSI) 
Applicable 

Acres 

Baseline 
Habitat Units 

(HUs) 

RSKR1 Upland Forest Community Model 0.33 55 18.1 

  Grassland Community Model 0.00 0 0.0 

OK335.8R-DI Upland Forest Community Model 0.29 8 2.3 

  Grassland Community Model 0.31 14 4.3 

OK434.3R-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.28 10 2.8 

RSR 4 Upland Forest Community Model 0.79 289 228.1 

  Grassland Community Model 0.00 0 0.0 

RSR 5 Upland Forest Community Model 0.60 132 79.4 

  Grassland Community Model 0.00 0 0.0 

Upland Forest Community Model 0.00 0 0.0 
OK 398.2 R-DI  

Grassland Community Model 0.41 44 17.9 

OK 337.2 R-DI Upland Forest Community Model 0.69 28 19.3 

  Grassland Community Model 0.00 0 0.0 

Upland Forest Community Model 0.69 2 1.4 
OK 383.9 R-DI  

Grassland Community Model 0.379 40 15.2 

RSR 2 Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.65 58 37.6 

RSR 3 Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.66 113 74.7 

OK366.5L-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.59 6 3.6 

RSR 1 Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.69 1066 739.3 

RTGP Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.95 790 751.9 

OK 422.9 L-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.16 7 1.1 
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Table C-7.  Baseline HEP Results for RIS and RSS. 

Site Name Model name 

Habitat 
Suitability Index 

(HSI) 
Applicable 

Acres 

Baseline 
Habitat Units 

(HUs) 

OK441.1L-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.53 12 6.4 

OK 421.3 R-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.31 13 4.1 

OK 335.9 L-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.30 22 6.5 

OK400.7R-DI Upland Forest Community Model 0.0 0 0.0 

  Grassland Community Model 0.39 31 12.0 

OK 436.1 L-DI Upland Forest Community Model 0.00 0 0.0 

  Grassland Community Model 0.22 13 2.8 

Source:  ERDC-EL, 2004b 

C.5.12 Generating Without Project Conditions and Calculating Outputs 
Future impacts were projected as change from these baseline conditions over the 50-year project 
life in the HEP assessments.  The ERDC-EL facilitated a series of workshops, beginning in the 
winter of 2004 and continuing through the summer of 2004, in which the MEET derived future 
projections for each site. 

To analyze impacts to a community or region, it becomes necessary to predict both the short-
term and long-term future conditions of the environment.  The Without Project condition is 
universally regarded as a vital and important element of the evaluation.  No single element is 
more critical to the impacts analysis than the prediction of the most likely future conditions 
anticipated for the study area if no action is taken as a result of the study.  NEPA regulations 
require that the No Action Alternative always be considered during the formulation of plans.  
The Without Project descriptions had to adequately describe the future.  Significant variables, 
elements, trends, systems, and processes were sufficiently described to support good decision-
making.  Forecasts were based on appropriate methods, and professional standards were applied 
to the use of those methods.  Without Project conditions are not “before-and-after” comparisons.  
“Before-and-after” comparisons can overlook the causality that is important to effective plan 
evaluation.  Without Project conditions are future oriented.   

Rules and assumptions were developed for acreage projections of the Without Project condition 
for all ARNS-EIS sites: 

• Because of the rural nature of most of the dredge disposal sites, there would likely be 
little change in ownership and/or change in function of land within these project areas. 

• Pasture would likely remain pasture due to grazing pressure. 
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• Open fields would likely undergo succession and develop into old fields and then forest. 

• Old fields would likely undergo succession to develop into forest. 

• Forest would likely continue to develop into a more mature forest. 

• Marsh would likely undergo succession to develop into a forested wetland. 

Some of the projections were based on data collected at the RISs, while others were adjusted 
based on expert opinion.  These assumptions were applied as results to the Habitat Suitability 
curves and new HSIs and HUs were generated for the without project condition. 

C.5.12.1 Calculating Annualized Units for the Without Project Condition 
Most Federal agencies use annualization as a means to display benefits and costs.  Federal 
projects are evaluated over a period of time that is referred to as the “life of the project.”  This is 
defined as that period between the time that the project becomes operational and the end of the 
project life.  In HEP, HUs are annualized by summing HUs across all years in the period of 
analysis and dividing the total (cumulative HU) by the number of years in the life of the project.  
In this manner, pre-start changes can be considered in the analysis.  The results of this 
calculation are referred to as Average Annual Habitat Units (AAHUs).  

The total acres of each habitat projected to be gained plus the AAHUs for each terrestrial site 
under the without project or no action alternative is shown in Table C-8. 

Table C-8.  Without Project Projected Acres and AAHUs at Target Year 51. 

Site Name Site Type Habitat 

WOP 
Target Year 51 Size 

(acres) 
Target Year 51 

AAHUs 

NewOldField 2.3 0.85 

NewUpland 2.3 0.16 OK PR L-DI Extrapolated Site 

OpenField 4.5 1.69 

OK PR L-DI Total 9.0 2.69 

NewOldField 5.8 3.00 

NewUpland 5.8 0.81 

OpenField 11.5 6.00 
OK 309.1 R-DI Extrapolated Site 

UplandForest 5.0 3.57 

OK 309.1 R-DI Total 28.0 13.38 

NewOldField 4.8 1.02 

NewUpland 4.8 0.31 OK 312.5 R-DI Extrapolated Site 

OpenField 9.5 2.04 

OK 312.5 R-DI Total 19.0 3.37 

NewUpland 14.0 4.11 OK 315.4 R-DI Extrapolated Site 

OldField 14.0 7.24 
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Table C-8.  Without Project Projected Acres and AAHUs at Target Year 51. 

Site Name Site Type Habitat 

WOP 
Target Year 51 Size 

(acres) 
Target Year 51 

AAHUs 

UplandForest 8.0 2.35 

OK 315.4 R-DI Total 36.0 13.70 

OK 318.3 R-DI Extrapolated Site UplandForest 20.0 5.88 

OK 318.3 R-DI Total 20.0 5.88 

Bottomland 8.0 3.91 

NewOldField 3.5 0.85 

NewUpland 3.5 3.91 
OK 335.8R-DI Reference Impact Site 

OpenField 7.0 1.69 

OK 335.8R-DI Total 22.0 10.36 

NewOldField 5.5 0.85 

NewUpland 5.5 0.36 OK 335.9L-DI Reference Impact Site 

OpenField 11.0 1.69 

OK 335.9L-DI Total 22.0 2.90 

OK 337.2R-DI Reference Impact Site UplandForest 28.0 20.01 

OK 337.2R-DI Total 28.0 20.01 

NewOldField 7.0 1.50 

NewUpland 7.0 0.46 OK 338.0 R-DI Extrapolated Site 

OpenField 14.0 3.01 

OK 338.0 R-DI Total 28.0 4.97 

NewUpland 7.5 1.05 

OldField 7.5 3.91 OK 342.3 L-DI Extrapolated Site 

UplandForest 14.0 10.01 

OK 342.3 L-DI Total 29.0 14.97 

NewUpland 1.0 0.29 

OldField 1.0 0.52 OK-SBC 10.0 R-DI Extrapolated Site 

UplandForest 16.0 4.70 

OK-SBC 10.0 R-DI Total 18.0 5.51 

OK-SBC 8.7 L-DI Extrapolated Site Bottomland 2.0 0.98 



 

Arkansas River Navigation Study FEIS Appendix C 
 Biological Resources C-592 

Table C-8.  Without Project Projected Acres and AAHUs at Target Year 51. 

Site Name Site Type Habitat 

WOP 
Target Year 51 Size 

(acres) 
Target Year 51 

AAHUs 

NewUpland 4.0 0.56 

OldField 4.0 2.09 

OK-SBC 8.7 L-DI Total 10.0 3.63 

Bottomland 5.0 2.44 
OK-SBC 9.7 R-DI Extrapolated Site 

UplandForest 5.0 1.47 

OK-SBC 9.7 R-DI Total 10.0 3.91 

NewUpland 3.0 0.72 
OK 366.5L-DI  Reference Impact Site 

OldField 3.0 2.35 

OK 366.5L-DI  Total 6.0 3.07 

NewOldField 5.8 2.38 

NewUpland 5.8 0.39 OK 382.0 L-DI Extrapolated Site 

OpenField 11.5 4.77 

OK 382.0 L-DI Total 23.0 7.54 

NewOldField 3.3 1.68 

NewUpland 16.8 4.92 

OldField 13.5 6.98 

OpenField 6.5 3.36 

OK 383.9R-DI Reference Impact Site 

UplandForest 2.0 0.59 

OK 383.9R-DI Total 42.0 17.53 

NewUpland 24.0 5.78 
OK 394.0 R-DI Extrapolated Site 

OldField 24.0 18.82 

OK 394.0 R-DI Total 48.0 24.60 

NewUpland 9.0 2.17 
OK 395.2 L-DI Extrapolated Site 

OldField 9.0 7.06 

OK 395.2 L-DI Total 18.0 9.23 

NewOldField 8.5 4.43 

NewUpland 13.5 1.90 

OldField 5.0 2.61 
OK 398.2R-DI Reference Impact Site 

OpenField 17.0 8.87 

OK 398.2R-DI Total 44.0 17.81 
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Table C-8.  Without Project Projected Acres and AAHUs at Target Year 51. 

Site Name Site Type Habitat 

WOP 
Target Year 51 Size 

(acres) 
Target Year 51 

AAHUs 

NewUpland 11.5 2.83 
OK 400.0 L-DI Extrapolated Site 

OldField 11.5 6.01 

OK 400.0 L-DI Total 23.0 8.84 

NewUpland 15.5 3.81 
OK 400.7R-DI Reference Impact Site 

OldField 15.5 8.10 

OK 400.7R-DI Total 31.0 11.91 

NewOldField 9.8 6.59 

NewUpland 9.8 0.68 OK 401.6 R-DI Extrapolated Site 

OpenField 19.5 13.18 

OK 401.6 R-DI Total 39.0 20.45 

NewUpland 4.0 0.56 

OldField 4.0 2.09 OK 407.6 R-DI Extrapolated Site 

UplandForest 2.0 1.43 

OK 407.6 R-DI Total 10.0 4.08 

NewUpland 4.0 0.96 
OK 414.9 R-DI Extrapolated Site 

OldField 4.0 3.14 

OK 414.9 R-DI Total 8.0 4.10 

NewUpland 7.0 1.69 
OK 416.4 L-DI Extrapolated Site 

OldField 7.0 5.49 

OK 416.4 L-DI Total 14.0 7.18 

NewOldField 10.8 5.56 

NewUpland 10.8 1.69 

OpenField 21.5 11.11 
OK 420.8 L-DI Extrapolated Site 

UplandForest 10.0 2.94 

OK 420.8 L-DI Total 53.0 21.30 

NewOldField 3.3 1.35 

NewUpland 3.3 0.22 OK 421.3R-DI Reference Impact Site 

OpenField 6.5 2.69 

OK 421.3R-DI Total 13.0 4.26 

OK 422.9L-DI Reference Impact Site NewOldField 1.8 0.61 
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Table C-8.  Without Project Projected Acres and AAHUs at Target Year 51. 

Site Name Site Type Habitat 

WOP 
Target Year 51 Size 

(acres) 
Target Year 51 

AAHUs 

NewUpland 1.8 0.12 

OpenField 3.5 1.22 

OK 422.9L-DI Total 7.0 1.95 

NewUpland 5.0 0.52 
OK 434.3R-DI Reference Impact Site 

OldField 5.0 1.99 

OK 434.3R-DI Total 10.0 2.51 

NewOldField 3.3 1.22 

NewUpland 3.3 0.23 OK 436.1L-DI Reference Impact Site 

OpenField 6.5 2.44 

OK 436.1L-DI Total 13.0 3.89 

NewOldField 3.0 2.03 

NewUpland 3.0 0.21 OK 441.1L-DI Reference Impact Site 

OpenField 6.0 4.05 

OK 441.1L-DI Total 12.0 6.29 

NewOldField 6.8 1.45 

NewUpland 6.8 0.44 OK 443.7 L-DI Extrapolated Site 

OpenField 13.5 2.90 

OK 443.7 L-DI Total 27.0 4.79 

NewUpland 7.5 1.81 
OK 444.6 L-DI Extrapolated Site 

OldField 7.5 5.88 

OK 444.6 L-DI Total 15.0 7.69 

Grand Total 270.0 102.59 

 Source:  ERDC-EL, 2004b 

C.5.13 Generating With Project Conditions and Calculating the Outputs 
Between June of 2004 and September of 2004 the MEET met on a regular basis (in person and 
via conference calls) to develop projection trends for the deepening and maintenance dredging 
disposal sites across the MKARNS.   As they did in the without project setting, the MEET 
generated a list of general trends for the overall study.  It was assumed that if a site was used for 
disposal, the entire site would be covered by dredged material.  The Team made an effort to 
distinguish clearly between forest vs. open/old field communities, and the outcomes of each were 
incorporated into the forecasting.   
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Table C-9 shows with project total acres, AAHUs, and net AAHUs at target year 50. 

Table C-9.  With Project Total Acres, AAHUs, and Net AAHUs at Target Year 51. 

Site Name Site Type Habitat 
WP 

TY50 Size 
(ac) 

AAHUs Net AAHUs 

NewOldField 0 0.03 -2.97 
NewUpland 0 0.00 -0.81 
OpenField 0 0.08 -7.10 

OK 309.1 R-DI Extrapolated Site 

UplandForest 0 0.13 -3.45 
OK 309.1 R-DI Total 0 0.24 -14.32 

NewOldField 0 0.01 -1.01 
NewUpland 0 0.00 -0.64 OK 312.5 R-DI Extrapolated Site 

OpenField 0 0.03 -2.33 
OK 312.5 R-DI Total 0 0.05 -3.97 

NewUpland 0 0.01 -4.11 
OldField 0 0.00 -6.59 OK 315.4 R-DI Extrapolated Site 

UplandForest 0 0.00 -2.35 
OK 315.4 R-DI Total 0 0.01 -13.05 

OK 318.3 R-DI Extrapolated Site UplandForest 0 0.13 -5.75 

OK 318.3 R-DI Total 0 0.13 -5.75 
Bottomland Forest 0 0.02 -3.89 
NewOldField 0 0.01 -0.84 
NewUpland 0 0.02 -3.89 

OK 335.8R-DI Reference Impact Site 

OpenField 0 0.02 -1.71 
OK 335.8R-DI Total 0 0.06 -10.33 

NewOldField 0 0.01 -1.17 
NewUpland 0 0.00 -0.36 OK 335.9L-DI Reference Impact Site 

OpenField 0 0.03 -2.70 
OK 335.9L-DI Total 0 0.05 -4.23 

OK 337.2R-DI Reference Impact Site UplandForest 0 0.13 -19.89 

OK 337.2R-DI Total 0 0.13 -19.89 
NewOldField 0 0.01 -1.49 
NewUpland 0 0.00 -0.70 OK 338.0 R-DI Extrapolated Site 

OpenField 0 0.03 -3.45 
OK 338.0 R-DI Total 0 0.05 -5.64 

NewUpland 0 0.00 -1.05 
OldField 0 0.02 -4.66 OK 342.3 L-DI Extrapolated Site 

UplandForest 0 0.13 -9.88 
OK 342.3 L-DI Total 0 0.15 -15.59 

NewUpland 0 0.00 -0.72 
OK 366.5L-DI  Reference Impact Site 

OldField 0 0.02 -2.33 
OK 366.5L-DI  Total 0 0.02 -3.05 



 

Arkansas River Navigation Study FEIS Appendix C 
 Biological Resources C-596 

Table C-9.  With Project Total Acres, AAHUs, and Net AAHUs at Target Year 51. 

Site Name Site Type Habitat 
WP 

TY50 Size 
(ac) 

AAHUs Net AAHUs 

NewOldField 0 0.01 -2.38 
NewUpland 0 0.00 -0.47 OK 382.0 L-DI Extrapolated Site 

OpenField 0 0.02 -4.75 
OK 382.0 L-DI Total 0 0.02 -7.60 

NewOldField 0 0.00 -1.68 
NewUpland 0 0.01 -4.91 
OldField 0 0.00 -6.36 
OpenField 0 0.00 -2.84 

OK 383.9R-DI Reference Impact Site 

UplandForest 0 0.00 -0.59 
OK 383.9R-DI Total 0 0.02 -16.38 

NewUpland 0 0.00 -5.78 
OK 394.0 R-DI Extrapolated Site 

OldField 0 0.02 -18.80 
OK 394.0 R-DI Total 0 0.02 -24.58 

NewUpland 0 0.00 -2.17 
OK 395.2 L-DI Extrapolated Site 

OldField 0 0.02 -7.04 
OK 395.2 L-DI Total 0 0.02 -9.20 

NewOldField 0 0.03 -4.40 
NewUpland 0 0.00 -1.90 
OldField 0 0.02 -3.10 

OK 398.2R-DI Reference Impact Site 

OpenField 0 0.08 -10.53 
OK 398.2R-DI Total 0 0.13 -19.92 

NewUpland 0 0.00 -2.83 
OK 400.0 L-DI Extrapolated Site 

OldField 0 0.08 -5.93 
OK 400.0 L-DI Total 0 0.08 -8.76 

NewUpland 0 0.00 -3.81 
OK 400.7R-DI Representative Site 

OldField 0 0.08 -8.02 
OK 400.7R-DI Total 0 0.08 -11.83 

NewOldField 0 0.01 -6.58 
NewUpland 0 0.00 -0.16 OK 401.6 R-DI Extrapolated Site 

OpenField 0 0.03 -15.27 
OK 401.6 R-DI Total 0 0.05 -22.00 

NewUpland 0 0.00 -0.56 
OldField 0 0.02 -2.47 OK 407.6 R-DI Extrapolated Site 

UplandForest 0 0.13 -1.30 
OK 407.6 R-DI Total 0 0.15 -4.34 

NewUpland 0 0.00 -0.96 
OK 414.9 R-DI Extrapolated Site 

OldField 0 0.02 -3.11 
OK 414.9 R-DI Total 0 0.02 -4.08 

NewUpland 0 0.00 -1.69 
OK 416.4 L-DI Extrapolated Site 

OldField 0 0.02 -5.47 
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Table C-9.  With Project Total Acres, AAHUs, and Net AAHUs at Target Year 51. 

Site Name Site Type Habitat 
WP 

TY50 Size 
(ac) 

AAHUs Net AAHUs 

OK 416.4 L-DI Total 0 0.02 -7.15 
NewOldField 0 0.00 -5.56 
NewUpland 0 0.00 -0.67 
OpenField 0 0.00 -9.39 

OK 420.8 L-DI Extrapolated Site 

UplandForest 0 0.00 -2.94 
OK 420.8 L-DI Total 0 0.00 -18.56 

NewOldField 0 0.01 -1.34 
NewUpland 0 0.00 -0.22 OK 421.3R-DI Reference Impact Site 

OpenField 0 0.02 -2.68 
OK 421.3R-DI Total 0 0.02 -4.24 

NewOldField 0 0.00 -0.61 
NewUpland 0 0.00 -0.12 OK 422.9L-DI Reference Impact Site 

OpenField 0 0.00 -0.98 
OK 422.9L-DI Total 0 0.01 -1.71 

NewUpland 0 0.00 -0.52 
OK 434.3R-DI Reference Impact Site 

OldField 0 0.02 -1.97 
OK 434.3R-DI Total 0 0.02 -2.49 

NewOldField 0 0.01 -1.21 
NewUpland 0 0.00 -0.23 OK 436.1L-DI Reference Impact Site 

OpenField 0 0.01 -1.58 
OK 436.1L-DI Total 0 0.01 -3.02 

NewOldField 0 0.01 -2.01 
NewUpland 0 0.00 -0.21 OK 441.1L-DI Reference Impact Site 

OpenField 0 0.03 -4.68 
OK 441.1L-DI Total 0 0.05 -6.90 

NewOldField 0 0.01 -1.44 
NewUpland 0 0.00 -0.44 OK 443.7 L-DI Extrapolated Site 

OpenField 0 0.03 -3.32 
OK 443.7 L-DI Total 0 0.05 -5.20 

NewUpland 0 0.00 -1.81 
OK 444.6 L-DI Extrapolated Site 

OldField 0 0.02 -5.86 
OK 444.6 L-DI Total 0 0.02 -7.67 

OK 444.6 R-DI Extrapolated Site UplandForest 0 0.13 -8.45 

OK 444.6 R-DI Total 0 0.13 -8.45 
NewOldField 0 0.01 -0.84 
NewUpland 0 0.00 -0.40 OK PR L-DI Extrapolated Site 

OpenField 0 0.01 -1.09 
OK PR L-DI Total 0 0.01 -2.33 

OK-SBC 10.0 R-DI Extrapolated Site NewUpland 0 0.01 -0.29 
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Table C-9.  With Project Total Acres, AAHUs, and Net AAHUs at Target Year 51. 

Site Name Site Type Habitat 
WP 

TY50 Size 
(ac) 

AAHUs Net AAHUs 

OldField 0 0.00 -0.47 
UplandForest 0 0.00 -4.70 

OK-SBC 10.0 R-DI Total 0 0.01 -5.45 
Bottomland Forest 0 0.02 -0.96 
NewUpland 0 0.00 -0.56 OK-SBC 8.7 L-DI Extrapolated Site 

OldField 0 0.02 -2.47 
OK-SBC 8.7 L-DI Total 0 0.04 -4.00 

Bottomland Forest 0 0.02 -2.43 
OK-SBC 9.7 R-DI Extrapolated Site 

UplandForest 0 0.00 -1.47 
OK-SBC 9.7 R-DI Total 0 0.02 -3.89 

Grand Total 0 1.89 -305.57 

Source:  ERDC-EL, 2004b 

C.5.14 Mitigation 

As part of mitigation the MEET selected dredge disposal sites based upon criteria for avoidance 
and minimization.  Wherever possible, potential dredged material disposal sites were not located 
where they would impact mature upland forest, bottomland hardwoods, or wetlands, and 
relocating the sites was logistically feasible.  Where sites could not be relocated outside these 
three habitat types, the design of the pit was configured to reduce impacts as much as possible.  
Priority was given to sites on USACE owned land.  If suitable USACE land was not available, 
the team looked for private agricultural lands and possible in-water disposal locations where 
there was the potential for beneficial use of the dredged material.  This ultimately reduced the 
acreage of land needed for mitigation.   

Ten sites in Oklahoma were chosen as potential mitigation sites.  The MEET team evaluated 
these sites to determine the amount and type of habitat that could be created to mitigate for 
habitat lost during dredge disposal on terrestrial sites.  Many of the potential mitigation sites 
occurred on agricultural land.  Incremental costs analyses were conducted using the procedures 
identified in the Corps procedures manual for conducting cost effectiveness and incremental cost 
analyses (IWR Report #95-R-1, Corps, May 1995).  The detailed incremental cost analyses 
report is located in the Feasibility Report for the Arkansas River Navigation Study. 

Two sites were ultimately selected that both satisfied all members of the MEET team and 
fulfilled the acreage and habitat quality requirement needed to mitigate for the potential habitat 
loss.  These sites were adjacent to ODWC currently managed lands, and allowed ODWC to 
easily maintain and operate the mitigation sites using funds from the USACE.  Figure C.5-2 
shows a map of the mitigation sites selected. 
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C.5.14.1. Baseline Assumptions for Mitigation 
The assumptions for mitigation were as follows: 

• All mitigation sites will be continually disturbed and will have no fish and wildlife value. 

• All mitigation sites begin as agricultural cropland (AGCROP). 

• Without project – all mitigation sites remain the same cover type & quality (HSI=0) over 
time. 

• It was agreed among the agencies paying for and managing the mitigation land that the 
sites would be flooded and maintained to facilitate development of marsh and bottomland 
forest habitat.  Between the time the sites are flooded with water and the time that 
BLHFOREST has developed, the sites were considered “NEWMARSH.”   ERDC 
suggested using the Marsh Wren HSI model published by the USFWS with the 
modifications of adding the landscape parameters to capture the NEWMARSH creation. 

• BLHFOREST can only be replaced with NEWBLHFOREST. 

• UPFOREST can only be replaced with NEWBLHFOREST. 

• OLDFIELD and OPENFIELD can be replaced with NEWBLHFOREST and/or 
NEWMARSH. 

Table C-10 shows the total acres and AAHUs of terrestrial habitat that could potentially be lost 
during 50 years of dredge disposal. 

Table C-10 Acres and AAHUs of each habitat type potentially lost via dredge 
disposal over the entire 50 years of the project. 

BLHFOREST UPFOREST OLDFIELD OPENFIELD 

Acres 
Lost 

AAHUs 
Lost 

Acres 
Lost 

AAHUs 
Lost 

Acres 
Lost 

AAHUs 
Lost 

Acres 
Lost 

AAHUs 
Lost 

-15 -7.3 -287 -76.4 -220 -123.8 -170 -71.0 

Source:  ERDC-EL, 2004b 

The mitigation sites were run through HEP, which resulted in 130 acres of newly created 
bottomland forest and 248 acres of newly created marsh (Table C-11). 

  Table C-11 Acres and AAHUs gained by habitat type at two mitigation sites over the entire 50 
years of the project. 

 BLHFOREST UPFOREST OLDFIELD OPENFIELD MARSH 

Mitigation 
Site Acres 

Gained 

Net 
AAHUs  
Gained 

Acres 
Gained  

AAHUs  
Gained 

Acres 
Gained 

AAHUs  
Gained 

Acres 
Gained 

AAHUs  
Gained 

Acres 
Gained  

AAHUs  
Gained 

OK408.9L-M  69 48.3 0 0.0 0 0.0 0 0.0 91 66.6 

OK405.0L-M  61 42.7 0 0.0 0 0.0 0 0.0 157 131.3 
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Totals 130 91.0 0 0.0 0 0.0 0 0.0 248 197.9 

  Source: ERDC-EL, 2004b 

C.5.15 Conclusions 
It was determined that though the HEP analysis 302 acres of forested habitat and 390 acres of 
grassland habitat would be lost with the use of all potential dredge disposal sites over the 50 
year project life.  A total of 130 acres of higher quality bottomland forest habitat and 248 acres 
of higher quality marsh habitat would mitigate for these lost acres through wetland creation 
along portions of the MKARNS. 

The “Net HSI Gain” column in Table C-12 is the level of quality that the mitigation will be 
designed to meet.  The new bottomland forest and marsh habitat created would mitigate for the 
impacts from disposing dredge material on the terrestrial sites because the quality of the habitat 
created through mitigation (HSI = 0.70-0.75) is much higher than that lost through dredge 
disposal (0.28-0.50), and therefore, far fewer acres of new habitat is required to replace it. 

The actual acreages needed to fully mitigate for the forest and grassland habitat lost is 120 acres 
of bottomland forest and 258 acres of marsh (0.7 HSI * 120 acres = 84 AAHUs of bottomland 
forest; 0.75 HSI * 248 acres = 194 AAHUs).  Approximately 10 surplus acres of 
NEWBLHFOR created and a shortage of 10 acres of NEWMARSH would be created, resulting 
in no total surplus or shortage of acres. 

  Table C-12 Summary of acres, AAHUs, and Annual HSI lost on dredge disposal sites and gained 
on mitigation sites. 

   Mitigation Sites Selected: OK408.9L-M, OK405.0 L-M  

Cover Type 
Mitigated For 

Sum of 
Acres 
Lost 

Sum of 
AAHUs 

Lost 

Average 
Annual 
HSI of 

Acres Lost 

Total Acres of 
Proposed 

Mitigation Sites 
Combined 

Net Gain in 
AAHUs 

from 
Mitigation 

Plans 
Net HSI 

Gain 

# Acres 
Needed to 

Fully 
Mitigate 

Surplus or 
Shortage 
of Acres 

Mitigation 
Ratio 

FOREST 
(BLHFOREST, 

UPFOREST) 
-302 -83.7 0.28 

130 
(NEWBLHFOR) 

91.0 0.70 120 10 0.4:1 

   

GRASSLAND 
(OLDFIELD, 
OPENFIELD) 

-390 -194.8 0.50 
248 

(NEWMARSH) 
187.0 0.75 258 -10 0.7:1 

Total Surplus or Shortage of Acres: 0  

   Source: ERDC-EL, 2004b 
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C.5.17 Acronyms 
 
AAHU Average Annual Habitat Units 

AGFC Arkansas Game and Fish Commission 

cm centimeters 

CT-HSI Cover Type HSI 

dbh diameter at breast height 

EIS Environmental Impact Study 

ERDC-EL Engineer Research and Development Center – Environmental Laboratory 

GIS Geographic Information Systems 

HEP Habitat Evaluation Procedure 

HSI Habitat Suitability Index 

HU Habitat Units 

m meters 

MEET Multiagency Ecosystem Evaluation Team 

MKARNS McClellan-Kerr Arkansas River Navigation System 

ODWC Oklahoma Department of Wildlife Conservation 

RA Relative Acres 

RIS Reference Impact Sites 

RSS Reference Standard Sites 

SI Suitability Index 

TY Target Year 

USACE U.S. Army Corps of Engineers 

USFWS U.S. Fish and Wildlife Service 
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