BIOLOGICAL OPINION
FOR THE OPERATION AND MAINTENANCE
OF THE 9-FOOT NAVIGATION CHANNEL
ON THE UPPER MISSISSIPPI RIVER SYSTEM

SUMMARY OF FINDINGS

In this Biologicad Opinion, the U.S. Fish and Wildlife Service (Service) has determined that the
continued operation and maintenance of the 9-foot Navigation Project will jeopardize the continued
exigence of the Higgins: eye pearly mussel (Lampsilis higgins) and the pallid sturgeon
(Sacphirhynchus albus). We have dso provided reasonable and prudent dternatives that will allow
the continued operation and maintenance of the 9-foot Navigation Project while offsetting adverse
impacts to the species and avoiding jeopardy. If the reasonable and prudent aternatives are not
implemented, then the likelihood of surviva and recovery of these species will be appreciably reduced.
The Corps of Engineers (Corps) isrequired to notify the Service of itsfind decison on the
implementation of the reasonable and prudent dternatives described herein.

In addition, we have found that the project will not jeopardize the least tern (Sterna antillarum) and
winged mapldeaf mussd (Quadrula fragosa) but will result in incidenta take. We have provided an
Incidental Take Statement with reasonable and prudent measures that will minimize the impacts of this
take on these species.

We dso have determined that the proposed action will likely adversdy affect the bald eagle (Haliaeetus
leucocephalus) and the Indiana bat (Myotis sodalis). However, while the project may affect
individuas, the impacts will be offset by management actions proposed by the Corps or will be
negligible, and will not riseto the leve of incidental take (i.e., harm and harassment). For the decurrent
fase aster (Boltonia decurrens) we found that while adverse effects will result, the species will not be
jeopardized. Becauseitisaplant, takeis not prohibited.

The Service consdered including the sturgeon chub (Macrhybopsis gelida) and sicklefin chub
(Machrybopsis meeki), which are candidate species, in thisbiologica opinion. However, because it
appears that these species are more than ayear away from alisting proposa, we chose not to include
them a thistime. When they are proposed for listing, we recommend that you request use of the
conferencing process to consider project effects on these species.
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BACKGROUND

This programmetic (Tier 1) consultation considers the systemic impacts of the operation and
maintenance of the 9-Foot Channel Navigation Project on the Upper Mississippi River System
(UMRS) on listed species as projected 50 yearsinto the future. This consultation does not include
individud, site specific projects or new congruction. These will be handled under separate (Tier 11)
consultations if it is believed that they may affect alisted species. This consultation establishes a basdine
on which any future expansion of the navigation system on the UMRS can be assessed.

This consultation was conducted by an interagency Corps of Engineers (Corps) - U.S. Fish and Wildlife
Service (Service) Consultation Team composed of representatives of the three Corps Didtricts (St

Paul, Minnesota, Rock Idand, Illincisand . Louis, Missouri) and the three Service Fied Offices
involved (Twin Cities, Minnesota, Rock Idand, Illinois and Marion, lllinois). The Team members
cooperated with each other in exchanging information preparing and reviewing the Biologica
Assessment and this Opinion. Each team member took responsibility for one or more species covered
in the conaultation. Ultimate respongibility for the content of the Biological Assessment restswith the
Corps of Engineers, however, and for this Opinion, with the U.S. Fish and Wildlife Service.

The outline for the Biologica Assessment was recommended by the Service to insure thet al the
necessary topics would be addressed and that the need for additiona information would be minimized
once the Assessment was completed. An impacts matrix was jointly developed by the Team in an
attempt to identify al the potentia impacts for each species that would be addressed.

Oversight of the consultation process was provided by the Servicess Field Office Supervisors and the
Corps Missssppi Valey Divison Office Staff. Conflict resolution was the primary respongbility of the
Servicess Regiond Office and the Corps: Divison Office but, generdly, dl parties to the consultation
took part in these discussions. A st of guideines or ground rules were jointly developed by the two
agencies to guide the process.

SPECIESCOVERED IN THISCONSULTATION

This consultation covers the following species. Indiana bat (Myotis sodalis), decurrent false aster
(Boltonia decurrens), bad eagle (Haliaeetus leucocephal us), Higgins eye pearlymussd (Lampsilis
higgins), winged mapldeaf mussdl (Quadrula fragosa), least tern (Serna antillarum), and palid
sturgeon (Scaphirynchus alba). During informal consultation, the Interagency Corps/Service
Consultation Team concluded that pink mucket pearly mussdl (L. abrupta) and fat pocketbook mussel
(Potamilis capax) have been extirpated from the UMRS and need not be addressed. By letter dated
June 10, 1999, the Service concurred with the Corps findingsin its Biologica Assessment thet the
project may adversdly affect the palid surgeon and Higgins: eye pearly mussd. However, the Service
did not concur with the Corps that the project would not adversely affect the Indiana bat, bald eagle,
winged mapldeaf mussdl and decurrent fase agter.
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The Service consdered including the sturgeon chub (Macrhybopsis gelida) and sicklefin chub
(Machrybopsis meeki), which are candidate species, in this biologica opinion. However, because it
appears that these species are more that ayear away from alisting proposa, we chose not to include
them in thisopinion. When they are proposed for listing, we recommend that you request use of the
conferencing process to consider project effects on these species.

CONSULTATION HISTORY

February 23, 1993 - The Servicers Rock Idand Fidd Office transmits a letter to the St. Louis Corps
Didtrict Engineer requesting that the Didtrict initiate Section 7 consultation on various congtruction
(operation and maintenance) activities on the Missssppi River.

November 22, 1993 - The Servicess Rock Idand Field Office transmits a letter to the Rock Idand
Corps Digtrict with a specieslist for Section 7 consultation for their expanded navigation study. In that
letter the Service urged the Corps to address operation and maintenance of the navigation channel.

Jduly 8, 1994 - St. Louis Corps Digtrict requests alist from the Servicess Rock Idand Field Office of
threatened and endangered species that may occur within the area of the Upper Mississippi 9-Foot
Navigation Project.

November 25, 1994 - The Services Rock Idand Fied Office transmits a speciesligt to the S. Louis
Didtrict for preparation of aBiologica Assessment for the operation and maintenance of the Upper
Mississippi River 9-Foot Navigation Project.

May 15, 1995 - S. Louis Corps Didtrict transmitsa Tier | (programmatic) biological assessment (BA)
for the operation and maintenance of the UMR Navigation Project within the St. Louis Didtrict to the
Services Rock Idand Fidd Office.

June 16, 1995 - The Servicers Rock Idand Field Office responds to St. Louis Digtrict=s BA concurring
with atiered agpproach but noting that the Corps did not request formal consultation on the Tier |
as=ssment and recommended that the two agencies continue in informa consultation until it is
determined which species should be consulted on, what data are required, and how any forma
consultation should be accomplished.

August 7, 1995 - S. Louis Corps Didtrict responds to the Servicess June 16, 1995 letter concurring
that the two agencies should remain in informa consultation for the present time.

April 12, 1997 - The Servicess Deputy Assstant Secretary for Fish, Wildlife and Parks transmits a
letter to the Assstant Secretary of the Army requesting assistance in resolving the issue of the Corps
rel uctance to address operation and maintenance of the navigation channd in its navigation
improvements study.



May 20, 1997 - The Services Rock Idand Field Office transmits a letter to the Rock 1dand Corps
Didtrict Engineer again requesting that the Corps address impacts of the operation and maintenance of
the navigation channel on endangered and threatened species.

October 1, 1997 - Rock Idand Didtrict Corps Didtrict notifies the Servicess Rock 1dand Field Office
that it intends to prepare a BA for the operation and maintenance of the O&M Project, and a separate
BA for their Navigation Study.

December 21, 1997 - Conference call between the Services Rock Idand Field Office and Rock Idand
Corps Didtrict to discuss the approach of preparing a separate BA for operation and maintenance and
one for the Navigation Study.

March 27, 1998 - Rock Idand Corps Didtrict transmits a draft biologica assessment for the UMR
Expanded Navigation Study to the Servicers Rock 1dand Field Office.

April 1, 1998 - Servicess Regiond Office tranamits a letter to Missssppi Vdley Divison Engineer
expressing concern regarding Section 7 compliance for the O& M Project and the Corps Navigation
Study. The Service recommends that the Corps initiate a Sngle consultation with the Service on the
systemic impacts of the O&M Project for dl three UMR Corps Didtricts. This programmatic
consultation would then form the baseline on which to assess the impacts of the Corps Navigation

Study.

April 17, 1998 - Mesting between Servicess Regiond Director and Missssppi Valey Divison Engineer
to discuss a Plan of Action completing a systemic consultation on the O&M Project. The Plan cdlsfor
establishing a Consultation Team consisting of Corps and Service representatives. The Corps assigned
the . Louis Didtrict astheir lead and the Service assigned the Rock Idand Fidd Office as their lead.
Regiond and Division Office Staff will serve as advisors and fecilitators.

May 15, 1998 - Services Rock Idand Fied Office transmits a letter to St. Louis Corps Didtrict
enclosing an outline for the consultation and a draft impacts matrix for the Corps to usein preparation of
its biologica assessment.

May 20, 1998 - Meeting between Corps and Service Consultation Teams to discuss the consultation
process, impacts matrix, and the preparation of the Corps biologica assessment.

June 9, 1998 - Servicers Rock Idand Field Office transmits aletter to St. Louis Corps Digtrict
enumerating the listed species found in the O&M Project area.

June 14, 1998 - The Services Rock Idand Fidd Office transmits aletter to the Corpsindicating that
the Higgins eye pearly mussel occursin an additional Six counties.

August 4, 1998 - Meeting between Corps and Service Consultation Teams to discuss a revised impacts
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meatrix and other consultation issues.

September 28, 1998 - Corps and Service Consultation Team Leaders findize a set of Ground Rules for
completing the consultation.

November 1998 - Corps Consultation Team members transmit draft sections of the biological
assessment to their Service counterparts for review and comment.

January 26, 1999 - Services St. Paul and Rock 1dand Field Offices and St. Paul Corps District meet
with the Higgins: eye pearlymussd and winged mapleleaf mussel Recovery Teams to discuss O&M
Project related impacts on these species.

January/February, 1999 - Service Consultation Team members provide comments to the Corps
Consultation Team members on individua sections of the draft Biologica Assessment.

February 4, 1999 - Service and Corps Consultation Teams meet to discuss progress on the biologica
assessment, areas of agreement and disagreement, and to establish a schedule for the remainder of the
consultetion.

March 30, 1999 - The Servicess Marion Illinois Sub-office provides information to the St. Louis Corps
Didtrict regarding the collection of a young-of-the-year palid sturgeon at approximate Missssppi River
Mile49.5L.

May 3, 1999 - Corps Divison Engineer tranamitsits biologica assessment to the Servicess Regiond
Director requesting the initiation of formal consultation on the O& M Project.

June 10, 1999 - Services Assstant Regiond Director responds to Corps: Divison Engineer=s biological
assessment requesting additiond information.

July 28, 1999 - Corps: Divison Engineer tranamits aletter to the Service: Regiond Office amending
page 1 of its Biological Assessment to include language that the CorpsaA... isnot required ... to provide
the attached BA ..., the BA is being voluntarily submitted to the ... Service ... for the purpose of fulfilling
the Corps commitment to conservation of endangered species)

August 2, 1999 - Corps Divison Engineer responds to Servicess June 10 letter providing some of the
information requested and enumerating the reasons why the remainder will not be provided.

August 31, 1999 - Servicess Regiona Office tranamits a letter to the Corps Divison Engineer
acknowledging the receipt of additiond information and that forma consultation has been initiated as of
August 6, 1999.

September 27, 1999 - Meeting between the Servicess Rock I1dand Field Office and St. Louis Corps
Didtrict a which the Service presented its anticipated finding of jeopardy for the palid sturgeon and a
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Reasonable and Prudent Alternative (RPA) to avoid jeopardy.

October 21, 1999 - Meseting between Service and Corps Consultation Teams, the Servicess Regiond
Office and the Corps Missssppi Vdley Divison to discuss RPA:s and reasonable and prudent
measures (RPM:=s) for al species, and the consequences of jeopardy findings for

L. higgins and S. alba. It was agreed to extend the consultation period one month to December 3,
1999.

October 27, 1999 - Meeting among representatives of the Services Rock Idand Field Office, . Louis
Corps Digtrict, Corps Missssppi Vdley Divison, the Waterways Experiment Station, Southern Illinois
Univergty, and the Long Term Resource Monitoring Station (Cape Girardeau, MO) to discuss and
attempt to develop a mutualy acceptable RPA for pdlid sturgeon. No agreement was reached on the
RPA but the Service offered to provide alist of benchmarks (performance measures) for the Corpsto
use in estimating costs of the RPA.

November 2, 1999 - Servicess Regiond Office tranamits aletter to Corps Missssppi Vdley Divison
acknowledging an extension of the consultation period to December 3, 1999.

November 8, 1999 - Servicess Marion, IL suboffice faxes draft benchmarks to the Corps S. Louis
Didtrict for review and comment.

November 18, 1999 - Meeting between Service Regions 3 and 6 to discuss the Satus of pallid
sturgeon, the vdidity of ajeopardy opinion in this consultation, and to refine the RPA and RPM:s,

November 19, 1999 - Telephone conversation between George Rhodes, Corps Missssippi Valey
Divison, and John Blankenship, Assstant Regiona Director, FWS Region 3, Twin Cities, MN to
discuss an extenson of the consultation for 90 days.

November 23, 1999 - Letter from Servicess Regiona Office to the Corps Missssppi Vdley Divison
Engineer confirming a joint agreement to extend the consultation period for an additiona 90 daysto
March 2, 2000.

November 30, 1999 - Conference cal between FWS staff Rock Idand, IL, Twin Cities, MN, and
Marion, IL and Corps gaff St. Louis, MO and Vicksburg, MS to discuss the 90 day extenson of the
consultation period. The Corps requested it be modified to 60 days because of a concern for the timely
completion of afuture consultation for the Navigation Expansion Study and the Service agreed.

December 6, 1999 - Letter from Servicers Regiond Office to Corps Missssppi Vdley Divison
Engineer confirming arevised extenson of the consultation period for an additiona 60 daysto
February 2, 2000. In addition, the Service notifies the Corpsthat if a Biologica Assessment for the
least tern is not received by January 3, 2000, the Service will proceed with the consultation for this
gpecies using exiding information.



December 9, 1999 - St. Louis Corps Didtrict faxes review comments on the Servicess draft
benchmarks for habitat restoration in the Middle Missssppi River to the Service.

December 15, 1999 - Mesting between Servicess Regiond Office, Rock Idand Field Office and
Marion Sub-office staff and Corps St. Louis Didrict and Missssppi Valey Divison Staff to develop a
workable RPA. Tentative agreement was reached on the eements of the RPA, prioritization of RPA
actions, and benchmarks for the 4 years following this consultation.

December 28, 1999 - Service receives Biologica Assessment for the least tern from Corps Misss3ppi
Vdley Divison.

January 11, 2000 - Service tranamits preliminary draft sections of the Biologica Opinion for the palid
surgeon and Higgins eye pearly mussd to the Corps for review and comment.

January 12, 2000 - Corps transmits comments on preliminary draft sections of the Biologica Opinion to
the Service.

February 2, 2000 - The Mississppi Valey Corps Divison tranamits aletter to Service's Regiond Office
providing comments on draft sections of the Biologica Opinion for the Higging: pearly mussd and pdlid
sturgeon.

February 4, 2000 - Consultation Period Ends

February 9, 2000 - Corps transmits a document entitled AFuture Corps of Engineers and Fish and
Wildlife Service Actions to Improve the Status of the Pdllid Sturgeon in the Middle Mississppi River(l to
the Service as a supplement to its Biological Assessment.

On or about February 14, 2000 - The St. Louis Corps Didtrict forwarded a revised Reasonable and
Prudent Alternative for the pallid sturgeon to the Service,

February 17, 2000 - Meseting between the Servicess Regiond, Rock I1dand and Marion, lllinois offices
and the Corps Divison and . Louis Didrict offices to discuss the draft Reasonable and Prudent
Alternative for the palid sturgeon.

February 18, 2000 - Draft Biologica Opinion provided to the Corps for review and comment.

February 24, 2000 - The Service transmits a revised draft Reasonable and Prudent Alternative for the
pallid sturgeon to the Corps Missssppi Valey Divison.

April 2, 2000 - Corps comments on Draft Biological Opinion received by the Service.

April 19, 2000 - Mesting between Service and Corps representatives to discuss the find findings of the
Biologica Opinion, implementation of the RPMs and RPAS, and outreach.
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May 15, 2000 - Fina Biological Opinion delivered to the Corps.

BIOLOGICAL OPINION
1.0 Description of the Proposed Action
1.1 Action Area

The UMRS 9-Foot Navigation Project includes the commercialy navigable portions of the Missssippi,
Illinois, Kaskaskia, Minnesota, St. Croix, and Black Rivers. Asthe impacts of the proposed action
affect pdlid sturgeon populationsin the lower Missouri and Missssippi rivers, the action area dso
encompasses these river stretches (see section 8.3 below for further discussion).

The U.S. Army Corps of Engineersis responsible for maintaining navigation by means of a series of 37
locks and dams, channd training structures, and dredging on over 1,200 miles of navigable waterway.
Hood contral is maintained to alarge extent by a system of agricultural and urban levees, some of which
were designed and built by the Corps of Engineers. In addition, the Corps operates and maintains 31
recreationa areas and provides for sewardship of the natural resources on project lands and waters.
There are dso outgrants to Federd, State, public and private indtitutions and individuas for various
purposes, including cottage leases, wildlife management, and recrestion.

The 9-Foot Channdl Navigation Project encompasses three separate Corps of Engineersdigtricts. Its
areais defined as the entire 1llinois Waterway from the confluence with the Missssppi River at Grafton,
Illinois (River Mile 0.0), to T. J. OBrien Lock in Chicago, Illinois (River Mile 327.0). The segment of
the UMR darts at the confluence with the Ohio River (River Mile 0.0) and extends to Upper S.
Anthony FalsLock in MinnegpolisSt. Paul, Minnesota (River Mile 854.0). It dso includes the
navigable portions of the Kaskaskia, Minnesota, Black and St. Croix Rivers.

The S. Louis Didtrict includes the UMR from its confluence with the Ohio, River Mile 0.0 to River Mile
300. 1, near Saverton, Missouri, and the navigable portion of the Kaskaskia River. It dso includesthe
Illinois River from its confluence with the Missssppi a Grafton, Illinois, to immediately below La
Grange Lock and Dam a River Mile 79.8. The Rock Idand Didtrict includes the UMR (River Mile

300. 1) near Saverton, Missouri, through Guttenberg, lowa (River Mile 615), and the [llinois River from
the junction of the Caumet-Sag Channd and the Chicago Sanitary Cand (River Mile 303.4) totheLa
Grange Lock and Dam (River Mile 79.8). The S. Paul Didtrict includes the UMR from Guttenberg,
lowa (River Mile 615), to Minnegpolis-St. Paul, Minnesota (River Mile 854.0), aswdll asthe
navigable portions of the Minnesota, Black, and . Croix Rivers.

1.1.1 Middle Mississppi River



The first modification to the river for navigation began in 1824 with clearing and snagging to remove
hazards for wooden hull vessds. In the 1830's, the first channd stabilization works were built. In
1881, a comprehensive plan was authorized to maintain an 8-foot channd through bankline
revetments and permeable dikes. Congress authorized the existing 9-foot channel project in 1927
for the purpose of securing a 9-foot-deep by 300-foot-wide channel between St. Louis, Missouri,
and Cairo, lllinois.

1.1.2 Upper Missssppi River

Modifications to the UMR for navigation began in 1824 when the Government authorized removal of
snags, shods, and sandbars; excavation of rock at severa rapids, and closing off of meandering
doughs and Sde channdsto maintain flows in the main channd. The first comprehengve
modification of the river was authorized by the Rivers and Harbors Act of June 18, 1878.

A 42 foot channd was maintained from the mouth of the Missouri River to &. Paul, Minnesota, by
congtructing dams at the heedwaters of the UMR to impound water for low-flow supplementation,
and by bank revetments, closing dams, and longitudind dikes. 1n 1890, the 42 foot channel was
extended to Minnegpolis, Minnesota. A 6-foot channel was authorized by the Rivers and Harbors
Act of March 2, 1907. The additional depth was obtained primarily by construction of rock and
brush wingdams designed to congtrict low-water flows to a narrower channdl.

Dam 19 a River Mile 364.2 (Keokuk, lowa) was congtructed in 1913 and is the only dam not
federaly-owned or operated. It isone of two Stes generating hydropower on the system, the other
being a Lock and Dam 1 in the Twin Citieswhich is partidly owned by the Ford Motor Company.
Congress authorized the 9-Foot Channdl Navigation Project in the Rivers and Harbors Act of duly 3,
1930, to be achieved by a series of locks and dams and supplemented by dredging. The project
extended from the mouth of the Missouri River to Minnegpolis, Minnesota. The Rivers and Harbors
Act of August 26, 1937, authorized a 4.6-mile extension of the project to ascend St. Anthony Falls.

1.1.3 lllinois River

Between 1871-1878, the State of Illinois built two locks and dams for navigation on the Illinois River
and the Federal Government built two locks and dams for the 7-foot navigation project. The 1900
completion of the Chicago Sanitary and Ship Cand created a connection between Lake Michigan
and the lllinois River. Thisincreasad lllinois River flows and diverted urban wagtes into the Illinois
River. By 1930, the State had completed 75% of the 9-Foot Channel Navigation Project but was
unable to raise funds for completion. The Rivers and Harbors Act of July 3, 1930, authorized the
Corps of Engineersto complete the project and assigned responsibility to the Federd Government.
The Rock Idand Didtrict is respongble for operating and maintaining eight locks and dams aong 327
miles of the system, and the St. Louis Didtrict is respongible for the lower 80-mile reach from La
Grange Lock to Grafton, Illinais, the Illinois Waterway portion of Alton Poal.

1.1.4 KaskaskiaRiver
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The Kaskaskia River Navigation Project was authorized by the 1962 Rivers and Harbors Act to
provide a navigation channd 9 feet deep and 225 feet wide on the lower 50.5 miles of the
Kaskaskia River. The project shortened the river between its mouth and Fayetteville, 1llinois, from
52 to 36 miles. Meanders were |eft as cutoffs, much of the channd was excavated, and flow was
partidly regulated by alock and dam near the river's mouth.

1.1.5 Minnesota River

A 4-foot navigation channe on the Minnesota River to Mile 25.6 near Shakopee, Minnesota, was

authorized by the Rivers and Harbors Act of July 13, 1892. Congress authorized a 9-foot channel
on the Minnesota River up to Mile 14.7 near Savage, Minnesota, in the Rivers and Harbors Act of
July 3, 1958. The Peavey Company maintains a 9-foot channe from Mile 14.7 to its grain termind
a Mile21.8.

1.1.6 . Croix River

The Rivers and Harbors Act of June 18, 1878, authorized a 3-foot navigation channel on the

. Croix River from the mouth to Mile 51.8 a Taylors Fdls, Minnesota. A 6-foot channd to
Mile 24.4 & Stillwater, Minnesota, was authorized by the Rivers and Harbors Act of January 2 1,
1927. The present 9-foot channd to Stillwater was authorized by the Rivers and Harbors Act of
August 30, 1935, and was assured as aresult of the completion of Lock and Dam 3 in 1938.

1.1.7 Black River

The Rivers and Harbors Act of August 26, 1937, authorized a 9-foot navigation channel on the
Black River at La Crosse, Wisconsin, to apoint 1.4 miles above the mouth. Dredging a channel
gpproximately 300 feet wide, which is consdered adequate for existing commerce, was completed
in 1941.

1.2 Proposed Action

The proposed action is the continuance, for the next 50 years, of the operation and maintenance of the
9-Foot Navigation Channel Project on the UMRS which has been on-going for the past 60-70 years.

1.2.1 Lock and Dam Operations

Weater levels upstream of the dams are based upon depths needed for navigation and are controlled
by sysematicaly raisng or lowering the dam gates. Water devations a dl of the dams are regulated
based upon discharge. The god isto maintain atarget water level a a control point within each
pool. Control ranges are defined within each digtrict. Water level control is described completely in
pool operation plansfor each lock and dam. An analysis of water level management on the Upper
Missssppi River System was completed by the Long Term Resource Monitoring Program and is
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availablein Wiosinski and Hill (1995).

Maintenance at locks and dams is performed on adaily basis or at longer intervals for mgor work.
Personnd perform day-to-day maintenance of operating machinery and minor repair work on the
fecilities. During mgor maintenance and rehabilitation, lock gates and valves are removed,
sandblasted, and repaired, as are dam gates when necessary. Mgor rehabilitation at Locks and
Dams 2-22 and the Illinois Waterway was evaduated in a Programmatic Environmenta Impact
Statement (USACE 1989b). The associated Biologica Assessment is hereby incorporated by
reference.

1.2.2 Recreation

The three Corps didtricts operate and maintain 31 recrestion areas along the river. Seventy-three
additiona recreation areas are located on Corps lands but are leased to other organizations thet are
responsble for operation and maintenance. Twenty-two mgor public parks are located dong the
river. Boating accessto theriver is provided by approximately 360 boat access points and/or
marinas and 11,500 marina dips dong the Upper Missssppi River, excluding the St. Croix and
Minnesota Rivers. Carlson et al. (1995) estimated that over 12 million daily visits occurred
throughout the Upper Missssippi River System during the study year. The study aso determined
that the top three activities in which those visitors engaged were recregtiona boating, boat fishing,
and Sghtseaing.

The guiding documents governing operation and management of Corps of Engineers administered
recreationa facilities and groundsis the Operationd Management Plan (OMP) Part I1. Currently,
the St. Paul and Rock Idand Didtricts have completed OMP:s that include a detailed synopsis
describing a 5-year plan of action on how facilitieswill be operated and maintained. Annua updates
of the OMP Part Il are reviewed for appropriateness and to ensure that long-term management is
provided in an environmentally sound manner. The St. Louis Didrict is currently developing a
comprehensive master plan for the river projects and concurrently developing OMP:s. The OMP-S
will be smilar in scope to those described above and completed after Master Plan gpprova. The
Kaskaskia OMP was recently approved (USACE 1998). Complete description of operation and
maintenance of recreation areas can be found in the OMP (USACE 1992, USACE 1993).
Additiona information isfound in Land Use Allocation Plans and Master Plans (USACE 1969
1973, 1983, 1989a).

The St. Paul District manages one mgjor recreation area and three boat ramps. Blackhawk Park,
about 25 miles south of La Crosse, Wisconsin, isthe only full service staffed campground/park that
the didtrict operates on the Mississippi River above Guttenberg, lowa. The didtrict has afew red
date outgrants, but 460 private recregtiond facilities and afew hundred others on municipal leases
are managed in accordance with the Shoreline Management Plan, which alows private structures
and use while affirming public ownership and management.

The Missssppi River recregtiond facilities that the Rock I1dand Didrict directly manages include Sx
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Class A campgrounds (modern fecilities), one Class B campground (semi-modern facilities), two
Class C campgrounds (primitive facilities), six no-fee primitive campgrounds, 10 day-use areas with
day-use fee boat ramps, 10 free day-use areas with boat ramps, 10 no-fee day-use areas with picnic
shdlters, four lock and dam overlooks, and one Class B project visitor center.

In caendar year 1997, there were gpproximately 55 million visitor hours of use on Rock Idand
Didrict Missssippi River Project lands and waters, with about 10% or 5.5 million visitor hours
occurring a Corps-administered recregtiond facilities. Vigtor assistance and resource management
a these facilities are administered by the Missssppi River Project Office daff located a Pleasant
Valey, lowa and by park ranger Saff assigned to remote field Sation offices located in Dubuque
and Muscetine, lowa, and Thomson, Rock Idand, and Quincy, Illinois. In addition to managing
developed recreationd facilities, these park rangers are aso responsible for managing dispersed
recreational activities occurring on al 93,600 land and water acres of the Rock Idand Didtrict,
Missssippi River Project. Mississppi River Natura Resource Management staff are empowered to
enforce Part 327, Title 36 of the Federa Code of Regulationsin order to protect recreationa and
natural resource features found within project lands and waters of the Missssippi River Project.

In the Rock Idand Didtrict, gpproximately 565 private recreational and residential leases encompass
465 acres of land. Public Law 99-662 alows-for these leases to continue indefinitely until
terminated by the lessee or the Secretary of the-Army. New leases are not being issued, but existing
stesare maintained. If leased areas are returned to the Corps, natura resource management
prescriptions are implemented, which include closure or remova of the access road and conversion
to naturd habitat. The OMP contains additiond information on other types of leases.

The S. Louis District manages seven recreation areas, 18 access areas, and five marinas. Eighteen
cabin subdivisions (350 recrestiona cottage leases are dtill active on 244 acres) dot the riverbanks.
The States of 11linois and Missouri operate three recreation areas and 17 accesses on Corps-owned
land. The city of Alton operates one marinaon Corpsland. Loca governments, as wel asthe
states, operate an additional 23 access areas. Marinas, harbors, and boating clubs on the
Mississippi and Kaskaskia Riverstotal 27 and 2, respectively, providing some 3,198 boat dips. The
Rivers Project Office operates aregiona visitor center a the Melvin Price Locks and Dam area and
Class C vigtor centers at Locks 27 and Kaskaskia Lock and Dam.

Therivers of the St. Louis Didtrict are amgjor recreationa resource for the people living in the bi-
date area. A portion of the Great River Road from Melvin Price Locks and Dam vigitor center to
Hardin, lllinois, was recently designated a National Scenic Byway. Recregtiond points of interest
arethe Mark Twain Nationd Wildlife and Fish Refuge, Lewis and Clark State Higtorical Park, the
Corps Riverlands Environmental Demondtration Area adjacent to Melvin Price Locks and Dam, the
multi-agency confluence greenway (Missssppi and Missouri Rivers), and the regiond bike trail
system. According to arecent survey, recreationd use of the areaisvaried. Fishing from aboat is
the most popular (23.4%), followed closdaly by sightseeing (19.6%) and recrestiond boating
(17.9%). Bank fishing (14.6%) is the fourth most popular activity, followed by waterskiing (7.1%),
hiking (6.4%), and svimming (4.1%). Picnicking is participated in by 2.7%, only dightly above

-13-



camping at 2.7%. All other activity totals gpproximately 1.6%.

1.2.3 Natural Resource Management

The Corps of Engineers maintains primary adminigtrative authority over dl feetitle lands and waters
acquired for congtruction and operation of the Missssppi River Project. The Corps has the
respongibility and authority to manage the natura resources on feetitle lands, which includes forest,
fish and wildlife, water, aesthetic, and vegetative resources. Detailed descriptions of the projects are
included in the Rock Idand Didtrict, Natural Resource Management, Operational Management Plan
Part | (USACE 1992) and the . Paul Didtrict, Missssippi River Operationad Management Plan
(USACE 1993). With the exception of the Kaskaskia River OMP that was recently approved
(USACE 1998), the St. Louis District OMP will be completed after approva of the Comprehensive
Rivers Project Master Plan.

Edtimates from 1989 satellite dataindicate that gpproximately 304,000 acres of the UMR floodplain
remains forested (Yin 1998). The St. Louis District has mapped atotal of 800,000 acres of
floodplain forest as of 1994 (USACE 2000). Much of this remaining bottomland forest is managed
for natura resource benefitsin the St. Paul and Rock Idand Corps Didtricts, and efforts are under
way to maintain forest age class and divergity. The St. Louis Digtrict does not directly manage any of
itsforest lands; rather, it oversees the management of its feetitle lands managed by state and federd
agencies such as the Fish and Wildlife Service.

The gods of the forest management in the Corps Rock Idand Didtrict are as follows:

1. Complete and maintain a detailed comprehensive sland-mapping database to use in future
forest management decisions.

2. Promote sze class diverdty through continued silviculturd practices such as TSI=s, tree

plantings, and timber sdles to maintain and improve forest qudity for wildlife habitat and provide

aregulated and sustained yield of forest products.

3. Protect habitat for al endangered and threatened species found on project lands.

4. Mantain exising and future nesting stesfor colonia nesting birds.

5.  Manage habitat to provide nesting and feeding sites for local and migratory birds.

6. Maintain and enhance communication with coordinaing agencies and the generd public.
Specific management practices are outlined in the OMP, and the Management Plan is updated

annudly. At that time, review and coordination ensure that management is provided in an
environmentaly sound manner.

-14-



In addition to lands managed by the Corps, other feetitle lands are managed by the U.S. Fish and
Wildlife Service and severd of the states under Cooperative Agreements. These lands include
portions of the Upper Mississppi Nationd Wildlife and Fish Refuge, the Mark Twain Nationd
Wildlife Refuge, the Minnesota Valey Nationd Wildlife Refuge, the Illinois River Nationd Wildlife
and Fish Refuge, and a number of state conservation areasin Minnesota, Wisconsain, lllinais, lowa,
and Missouri. At the present time, all Service Refuges in the action area are preparing
Comprehensive Conservation Plans (CCPs) which will address forest land management. While il
in draft stage, these plans will likdly include gods smilar to the following:

- reduce forest fragmentation by conserving and enhancing the sSze of bottomland forest blocks;
- enhance forest structurd diversity within blocks (age class, species, canopy, understory, €tc.);

- ensure adequate spatid distribution of bottomland forest dong the river corridor for
neotropica migrants,

- promote naturad biologica diversty through the protection, restoration, and managemen.
1.2.4 Channd Maintenance

The navigation channd is maintained by periodic maintenance dredging and regulatory structures
(wing and closing dams and revetment). Description of channel maintenance in the three digtricts
varies dightly due to differing river conditions. A genera description of channd maintenance follows,
adong with aligt of documentsin which more specific information can be found.

1.2.4.1 Dredging

Periodic dredging is required in order to maintain a 9-foot channd. In required locations,
dredging occurs with hydraulic cutterhead, mechanical, or dustpan dredge. In accordance with
the Federd Standard, dredged materia placement Sites are identified that represent the least
coglly dternative with sound engineering practices and meet environmenta standards pursuant to
the Clean Water Act. Placement of dredged materia has occurred within the thalweg, shordline,
bottomland forests, agriculturd fields, and beneficid use sites and for environmenta restoration.
Where recurrent dredge cuts occur, long-term site plans have been and are being devel oped.
Placement sites are chosen in conjunction with On-Site Ingpection Teams (OSITs), public
coordination, and various other committees of river managers and biologids.

Detailed description of the St. Paul Digtrict's process and program can be found in their Channel
Maintenance Management Plan (CMMP) (USACE 1996) and associated Environmental Impact
Statement dated March 20, 1997. A Biological Assessment was prepared for the district and is
included within the Environmenta Impact Statement. That Biologica Assessment is hereby
incorporated by reference.
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Detalled description of the Rock Idand Didtrict's program is found in the Long Term Management
Strategy for Dredged Materid Placement, Main Report Missssppi River (USACE 1990) and
llinois River (USACE 1995) and associated Dredged Material Management Plans.

Detailed description of channd maintenance dredging in the St. Louis Didrict isfound in the
Environmental Impact Statement on operation and maintenance of Pools 24, 25, and 26,
Missssppi and lllinois Rivers (USACE 1975). Dredged materid is generdly placed adjacent to
the main channel where beneficid uses may occur, such as recreationa beach creetion, least tem
idand habitat, and idand creation. Approximately 150 sites have been dredged in the past, with
between 30 to 50 locations in the didtrict dredged regularly for atotal of goproximately 8 million
cubic yards annualy.

1.2.4.2 River Regulatory Structures

The Corps of Engineers began building regulatory structuresin 1878 with the authorization of the
4.5 foot channd. Since that time, many wingdams, closing dams, and bank-line revetment have
been congtructed and maintained to assst in channe maintenance. Regulatory structures help to
reduce channel maintenance dredging, reduce costs and environmenta effects of channd
maintenance, restore or maintain natura river processes, and restore and enhance habitat quality.
Use of dructuresis mainly limited to the Missssppi River with few used on the llinois River.

Regulatory structures are described in more detail within various documents, including the 9-Foot
Channel Environmentd Impact Statements for each didtrict, the CMMP (USACE 1996), and
various other project-specific documents. In addition to meeting the god of reducing channe
maintenance, the planning and design of regulatory structures includes congderation of
environmenta impacts and compliance with various regulations. The process varies within each
digtrict, but involves coordination with other agencies. In St. Paul Didtrict, the process includes
project review by the River Resources Forum. The Rock Idand Didtrict has the Committee to
Assess Regulatory Structures (CARS), which consigts of representatives from the engineering,
operaions, and environmentd officer and the U.S. Fish and Wildlife Service. In addition, a
document produced by the . Louis Digtrict describes their environmenta river engineering
project in which biologists and engineers cooperate to improve navigation and habitat diversty
through the use of river structures (USACE, no date).

1.2.4.3 Clearing and Shagging

While clearing and snagging was once widespread prior to the completion of the current project,
it now takes place only on the &. Croix and Minnesota Rivers. Snags on the river are recognized
as providing valuable aguatic habitat and are only removed when safety isaconcern. Remova of
trees snagged in the navigation channd of the Minnesota River is an infrequent requirement. They
are only removed when they become a navigation concern. On the &. Croix River, snag removal
is limited to requests from the Nationd Park Service and takes place only during safety concerns
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and channel blockage (USACE 1996).

1.3 Conservation Measures

Consarvation Measures to minimize harm to listed species which are proposed by the action agency are
consdered part of the proposed action and their implementation is required under the terms of the

consultation. The Corps included the following Conservation Measuresin its April 1999 Biologica
Assessment:

1.3.1 Indiana bat

- Any adtivities that are determined to impact potentid Indiana bat habitat will prohibit tree
removal/clearing during the period of April 1 to September 30, unless mist net surveysindicate
that no bats are present and there is no known roosting & the site. If adte iswithin a5-mile
radius of hibernacula, the period is April 1 to November 15.

- Forest management efforts within the range of the Indiana bat will be carried out to establish and

maintain forest pecies and size class diverdity in order to ensure along-term supply of potentia
Indiana bat roosting trees.

- Current Corps of Engineers operations and maintenance programs will be evauated to

determine if additiona opportunities exist to promote hardwood regeneration and species
diverdty in floodplain forests.

1.3.2 Decurrent false aster

- Each project that requires bankline or upland dredged materid placement, or bankline habitat
modification aong the Illinois River or the UMR (within the known range of the species) will be
addressed in a separate Ste-specific Tier 11 Biologica Assessment to the U.S. Fish and Wildlife
Service. An ingpection of bankline habitat or upland placement siteswill be conducted by Rock
Idand Didtrict personnd, St. Louis Digtrict personnel, or an expert contractor prior to habitat

modification. If plants are encountered, Section 7 coordination will be completed prior to any
habitat disturbance.

- All Section 10/404 actions for flegting, port development or recreation-related facilities will be
reviewed for potential impacts to federaly proposed species and threatened or endangered
species. Appropriate Section 7 review will include consderation of habitat potentid at the
project ste by Corps regulatory staff and coordination with the U.S. Fish and Wildlife Service
when necessary. Applicants for projects that require bankline or floodplain habitat modifications
aong the lllinois River or UMR within the exigting range of the species may be required to
conduct asurvey for B. decurrens. If plants are encountered, Section 7 consultation will be
completed prior to any habitat disturbance.
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1.3.3 Pdlid Sturgeon

- The S. Louis Digtrict will continue to conduct maintenance dredging outside the presumed
Awindow of palid sturgeon reproduction of April 12 - June 30. In cases where emergency
dredging is required, the U.S. Fish and Wildlife Service will be contacted.

- The S. Louis Didricts Avoid and Minimize Team will be asked to prioritize physicd-
biological monitoring of point-bar habitat of bendway wersin the Middle Missssppi River in
FY 2000.
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2.0 Indiana bat
2.1 Status of the Species

This section presents the biologicd or ecologica information relevant to formulating the biologica
opinion. Appropriate information on the species life history, its habitat and digtribution, and other data
on factors necessary to its survivd, isincluded to provide background for analysisin later sections. This
andyss documents the effects of al past human and naturd activities or events that have led to the
current range-wide status of the species. Thisinformation is presented in listing documents, the draft
revised recovery plan (USFWS 1999), and the Biologica Assessment (USACE 1999).

2.1.1 Genera

The Indianabat (Myotis sodalis) was listed as an endangered species on March 11, 1967 (Federal
Register 32[48]:4001), under the Endangered Species Preservation Act of October 15, 1966 (80
Stat. 926; 16 U. S. C. 668ag[c]). Eleven caves and two minesin six states were listed as critica
habitat on September 24, 1976 (41 FR 41914), but none are within the action area.

The Indiana bat isamigratory species found throughout much of the eastern haf of the United
States. During winter, Indiana bats are restricted to suitable hibernacula, mostly caves, but dso a
few abandoned mines, and even atunnd and a hydroelectric dam, that are primarily located in karst
aress of the east-centrd U. S. More than 85 percent of the range wide population occupies nine
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Priority One hibernacula (hibernation sites with a recorded popul ation >30,000 bats since 1960 -
athough two of these currently have extremely low numbers of bats) Indiana, Kentucky, and
Missouri each contain three Priority One hibernacula. Priority Two hybernacula (recorded
population >500 but <30,000 bats since 1960) are known from the above mentioned states, in
addition to Arkansss, Illinois, New Y ork, Ohio, Tennessee, Virginia, and West Virginia Priority
Three hibernacula with recorded populations <500 bats or records of single hibernating individuas
have been reported in 17 dates, including dl of the above mentioned sates. Hibernaculawith
recorded populations of <500 bats (Priority Three hibernacul@) or records of single hibernating
individuas have been reported in the above mentioned states plus Alabama, Connecticut, Horida,
and Georgia.

Although the number of band returns for the Indiana bat are limited, certain migration patterns may
be inferred from what little information that does exist. Based on sparse band recovery records, all
of which are from the Midwes, it appears that femaes and some males generdly migrate north in the
spring upon emergence from hibernation (Hall 1962; Myers 1964; Hassell and Harvey 1965
Barbour and Davis 1969; Kurta 1980; Lavd and Lava, 1980; Bowles 1982), dthough there dso
Is evidence that movements may occur in other directions. However, summer habitatsin the eastern
and southern United States have not been well investigated; it is possible that both sexes of Indiana
bats occur throughout these regions. Very little is known about Indiana bat summer habitat usein the
southern and eastern United States, or how many Indiana bats may migrate to form maternity
coloniesthere. Most summer captures of reproductively active Indiana bats (pregnant or lactating
females or juveniles) have been made between April 15 and August 15 in areas generdly north of the
major cave aress.

Most of the maternity records of the Indiana bat originated in the Midwest (southern lowa, northern
Missouri, northern lllinois, northern Indiana, southern Michigan, and western Ohio). The first
maternity colony was found and severd studies of Indiana bat maternity habitat were conducted in
the midwest region. Although the woodland in this glaciated region is mostly fragmented, it hasa
relaively high dendity of maternity colonies. Today, smal bottomland and upland forested tracts with
predominantly oak-hickory forest types and riparian bottomland forests of el m-ash-cottonwood
asociations exist in an otherwise agriculturally dominated (non-forested) landscape (USFWS 1999).

Unglaciated portions of the Midwest (southern Missouri, southern Illinois, southern Indiana),
Kentucky, and most of the eastern and southern portions of the species range appear to have fewer
maternity colonies per unit area of forest. However, such conclusons may be premature, given the
lack of search effort in these areas.

Treesin excess of 16 inch diameter at breast height (dbh) with exfoliating bark are considered
optimal for maternity colony roost Sites, but trees in excess of 9 inch dbh appear to provide suitable
maternity roosting habitat (Romme et al. 1995). Cavities and crevicesin trees may also be used for
roogting. Inlllinois, Gardner et al. (1991) found that forested stream corridors, and impounded
bodies of water, were preferred foraging habitats for pregnant and lactating Indiana bats.

Femdestypicaly utilize larger foraging ranges than maes (Garner and Gardner 1992). Bats forage
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at aheght of gpproximately 2-30 meters under riparian and floodplain trees (Humphrey et al.
1977). They forage between dusk and dawn and feed exclusively on flying insects, primarily moths,
beetles, and aguatic insects.  Femd e Indiana bats exhibit strong site fiddlity to summer roosting and
foraging aress, thet is, they return to the same summer range annually to bear their young.

Male Indiana bats may be found throughout the entire range of the species. Males appear to roost
angly or in smdl groups, except during brief summer vigtsto hibernacula Maes have been
observed roosting in trees as small as 3 inch dbh.

After the summer maternity period, Indiana bats migrate back to traditiona winter hibernacula.

Some made bats may begin to arrive a hibernaculaas early as July. Femaestypicdly arive later and
by September the number of males and femades are dmost equal. Autumn Aswarmingd occurs prior
to hibernation. During swarming, bats fly in and out of cave entrances from dusk to dawn, while
relatively roost in the caves during the day. By late September many femaes have entered
hibernation, but males may continue swarming well into October in what is believed to be an attempt
to breed with late arriving females.

Indiana bats will forage over avariety of habitat types but prefer to forage in and around the tree
canopy of both upland and bottomland forest or dong the corridors of smdl streams. Femdesin
[llinois were found to forage most frequently in areas with canopy cover of greeter than 80% (Garner
and Gardner 1992). The species feeds on flying insects, both aguatic and terrestrial. Lee (1993)
found that reproductively active femaes consume more aguatic insects than do maes (USFWS
1996). 3D/E (1995) summarizes dietary information on the species where they reviewed the known
literature. They found that the predominant prey include terrestrid orders such as moths
(Lepidoptera) and beetles (Coleoptera). Aquatic insects such asflies (Diptera), caddisflies
(Trichoptera), and stoneflies (Plecoptera) are also consumed. Aswould be expected, in conditions
where riparian woodlands are present, more aguatic insects are consumed. Females adso have been
found to consume higher percentages of aguetic insects. The study area contains a variety of habitats
where the species could forage. These include floodplain forests, backwaters, doughs, and over
openwater. Itislikdy that foraging Indiana bats within the project vicinity will forage upon both
aguatic and terredtria insects near the canopy of floodplain forests.

2.1.2 Current Status and Population Trends in Hibernacula

Basad on censuses taken at hibernacula, the total, known Indiana bat population in 1997 was
estimated at 353,000 bats (Table 2-1). Indianabat populations first were first surveyed in the late
1950s (Hall 1962). In the decades since then, additional colonies of hibernating Indiana bats were
discovered and our knowledge of the distribution and status of the species has expanded. Many
hibernacula populations have decreased in number since monitoring began, especidly in Kentucky
and Missouri.
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Table 2-1 Summary of hibernating Indiana bat populations by State, based upon estimates
nearest to year indicated - 2 (from USFWS 1999).
State Higtoric Leve When Regular Surveys | Most Recent Survey
(1960 or Earliest #) Began (~1980) (1995-1997)
Alabama 300 300 300
Arkansas 14,930 14,830 2,700
lllinois 4,140 3,990 4,530
Indiana 177,885 124,080 182,510
Kentucky 241,335 96,235 61,370
Missouri 323,120 302,915 47,135
New York 7,805 7,805 14,990
Ohio C 9,300
Pennsylvania 65 65 270
Tennessee 19,305 19,305 16,580
Virginia 5,260 5,620 1,840
West Virginia 4,700 4,675 11,660
Tota 808,505 589,120 353,185
! Dueto inconsistent records, population estimates for a particular period were extrapolated from the
nearest survey prior to or subsequent to the year displayed in the table; therefore, all caves are
represented in each period.
2 States with records of fewer than 100 hibernati ng Indiana bats are not listed.

2.1.3 Reasons For Decline

Not al of the causes of Indiana bat population declines have been determined; the decline of the

pecies at its current rate is unknown. Although severd known human-related factors have caused

declinesin the pagt, they may not solely be responsible for recent declines.

2.1.3.1 Documented causes.

Disturbance and vanddismn. A serious cause of Indiana bat decline has been human disturbance

of hibernating bats during the decades of the 1960s through the 1980s. Bats enter hibernation

with only enough fat reservesto last until spring. When abat is aroused, as much as 68 days of

fat supply isused in asingle disurbance (Thomas et al. 1990). Humans use (e.g., including

recreationd cavers and researchers) near hibernating Indiana bats can cause arousal (Humphrey
1978; Thomas 1995; Johnson et al. 1998). If this happens too often, the bats fat reserves may

be exhausted before the species is able to forage in the spring.

Active programs by State and Federd agencies have led to the acquisition and protection of a
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number of Indiana bat hibernacula Of 127 caves'mines with populations >100 bats, 54 (43%)
arein public ownership or control, and most of the 46 (36%) that are gated or fenced are on
public land. Although such conservation efforts have been successful in protecting Indiana bats
from human disturbance, they have not been sufficient to reverse the downward trend in many
populations.

Improper cave gates and structures. Some hibernacula have been rendered unavailable to
Indiana bats by the erection of solid gates in the entrances (Humphrey 1978). Since the 1950's,
the exclusion of Indiana bats from caves and changesin air flow are the mgor cause of lossin
Kentucky (an estimated 200,000 bats at three caves) (USFWS 1999). Other cave gates have
s0 modified the climate of hibernaculathat Indiana bats were unable to survive the winter because
changesin ar flow devated temperatures which caused an increase in metabalic rate and a
premature exhaustion of fat reserves (Richter et al. 1993; Merlin Tuttle, Bat Conservation
Internationd, in litt. 1998).

Natura hazards. Indiana bats are subject to anumber of naturd hazards. River flooding in Bat
Cave, Mammoth Cave Nationa Park, drowned large numbers of Indiana bats (Hall, 1962).
Other cases of hibernacula being flooded have been recorded by Hall (1962), DeBlase et al.
(1965), and USFWS (1999). A case of interna cave flooding occurred when tree dash and
debris (produced by forest clearing to convert the land to pasture) were bulldozed into a sinkhole,
blocking the cave's rain water outlet and drowning an estimated 150 Indiana bats (USFWS
1999).

Another hazard exists because Indiana bats hibernate in cool portions of caves that tend to be
near entrances, or where cold air istrapped. Some bats may freeze to death during severe
winters (Humphrey, 1978; Richter et al. 1993).

Indiana bats are vulnerable to the effects of severe weather when roosting under exfoliating bark
during summer. For example, amaternity colony was displaced when strong winds and hall
produced by a thunderstorm stripped the bark from their cottonwood roost and the bats were
forced to move to another roost (USFWS 1999).

2.1.3. 2. Suspected causes.

Microclimate effects. Changesin the microclimates of caves and mines may have contributed
more to the decline in population levels of the Indiana bat than previoudy estimated (Tuittle, in litt.
August 4, 1998). Entrances and internd passages essentid to ar flow may become larger,
smdler, or close dtogether, with concomitant increases or decreasesin air flow. Blockage of
entry points, even those too smdll to be recognized, can be extremdy important in hibernacula
that require chimney-effect air flow to function. As suggested by Richter et al. (1993) and Tuttle
(in litt. August 4, 1998), changesin air flow can elevate temperatures which can cause an
increase in metabolic rate and a premature exhaustion of fat reserves.
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Hibernaculain the southern portions of the Indiana bat's range may be either near the warm edge
of the bat's hibernating tolerance or have rdatively less stable temperatures. Hibernaculain the
North may have passages that become too cold. In the former case, bats may be forced to roost
near entrances or floors to find low enough temperatures, thusincreasing their vulnerability to
freezing or predation. In the North, bats must be able to escape particularly cold temperatures.
In both cases, modifications that obstruct air flow or bat movement could adversdly impact the
species (USFWS 1999).

Land use practices. The Indiana bats maternity range has changed dramaticaly since pre-
settlement times (Schroeder 1991; Giessman et al. 1986; MacCleery 1992; Nigh et al. 1992).
Mogt of the forest in the upper Midwest has been fragmented, fire has been suppressed, and
native prairies have been converted to agricultura crops or to pasture and hay meadows for
livestock. Native species have been replaced with exaticsin large portions of the maternity
range, and plant communities have become less diverse than occurred prior to settlement.
Additiondly, numerous chemicas are gpplied to these intensely- cropped areas. The changesin
the landscape and the use of chemicas (McFarland 1998) may have reduced the availability and
abundance of the bats insect forage base.

In the eastern U. S,, the area of land covered by forest has been increasing in recent years
(MacCleery 1992). Whether or not thisis beneficia to the Indiana bat is unknown. The age,
composition, and size dass digtribution of the woodlands will have a bearing on their suitability as
roosting and foraging habitat for the species outside the winter hibernation season.

Chemicd contaminaion Pesticides have been implicated in the declines of a number of
insectivorous bats in North America (Mohr 1972; Reidinger 1972, 1976; Clark and Prouty
1976; Clark et al. 1978; Geluso et al. 1976; Clark 1981). The effects of pesticides on Indiana
bats have yet to be studied. McFarland (1998) studied two sympatric species, the little brown
bat (Myotis lucifugus) and the northern long-eared bat (M. septentrionalis keenii) as surrogates
in northern Missouri and documented depressed levels of acetylcholinesterase, suggesting that
bats there may be exposed to subletha levels of organophosphate and/or carbamate insecticides
gpplied to agricultura crops. McFarland (1998) dso demonstrated that bats in northern Missouri
are exposed to significant amounts of agricultura chemicals, epecialy those applied to corn.
BHE Environmentd, Inc. (1999) collected tissue and guano samples from five species of bats at
Fort Leonard Wood, Missouri and documented the exposure of bats to p,p-DDE, heptachlor
epoxide, and diddrin.

2.2 Environmenta Basdine

This sectionisan andysis of the effects of past and ongoing human and naturd factors leading to the
current status of the species, its habitat, and ecosystem within the action area. The purposeisto
describe the current status of the species within the action area and those factors that have contributed
to this date.
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Much of the UMRS corridor represents potentia summer habitat for the Indiana bat. Due to their
migratory behavior, Indiana bats likely traverse or follow the Missssppi and Illinois River corridors en
route to their summer habitats and in returning to their hibernacula. In doing so, they may stop and roost
temporarily in suitable floodplain trees, or may sdect an areato spend the summer in a maternity colony.

2.2.1 Status of the Speciesin the Action Area

In counties bordering the Missssippi River, bats have been collected at 24 sites between Cairo,
[llinois, and Canton, Missouri (river miles 0-340), including 7 hibernacula. However, of these
collections, only three females and three maes have collected at two Stesin the Mississppi River
floodplain in Pool 21 in 1990 and 1997 (USGS/USFWS 2000). In counties bordering the Illinois
River, bats have been collected at 13 Sites, including 2 hibernacula, between Jersey and LaSdlle
Counties (Illinois DNR Natura Heritage Database 1999). However, only 1 Ste was located in the
[llinois River floodplain where 1 specimen was collected (USGSUSFWS 2000).

The current population status in the action arealis difficult to assess primarily because of the few
collections that have been made. Based on hibernacula estimates, the species appears to be
relativey gablein Illinois (see Table 2-1) while it isdedining in Missouri. How thistrend relates to
the bat-s status in the action area is unknown.

2.2.2 Factors Affecting the Species
2.2.2.1 Impoundment and Water Level Regulation

The discussion regarding the effects of impoundment and water level regulation on floodplain
forest compodition that is found in section 7.2.1.1.1 for the bad eagle is gpplicable to the Indiana
bat and is hereby incorporated by reference.

The 9-Foot Channdl Navigation Project has contributed to hydrologica changes of the river
floodplain and initially caused the conversion of some bottomland forest to aquatic and wetland
habitat. However, many acres of farmed lands were purchased as part of the project and
alowed to grow to forest. Were it not for the 9-Foot Channel Navigation Project and acquisition
of lands by the Federd Government, much of the remaining forest would most likely have been
cleared and would not exist today. Much of that remaining bottomland forest is managed for
natura resource benefitsin the Rock Idand and S. Louis Corps Didtrict, and efforts are under
way to maintain forest age class and diversity which will directly benefit the bat through long term
maintenance of suitable habitat. The St. Louis Didrict does not directly manage any of its forest
lands, rather, the Didtrict exerts ultimate management responsibility over forested lands managed
by state and federd agencies such as the Fish and Wildlife Service. The most important
disturbance factor will remain flooding for the foreseegble future and aress of floodplain that are
frequently inundated and have higher water tables will most likely continue to be comprised of
water-tolerant species suitable for Indiana bat use.
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Whileit is obvious that impoundment has contributed to hydrologica changesin the floodplain of
the project areaand has affected forest composition, the magnitude of thisimpact cannot be
evauated due to lack of higtoricd data. In total, however, the 9-Foot Channd Navigation
Project has been beneficid to the bat.

2.2.2.2 Dredging and Disposal

Dredging and disposad may have affected Indiana bats in two ways. disturbance and habitat
dteration. Dredging occurs during the summer and fall months when bats may be present.
Dredged materid disposd may have disturbed Indiana bats if they were roogting in trees located
a adisposd ste. This could range from >bumpings trees with heavy equipment causing bats to
abandon the roog, to actualy removing trees prior to disposal causing abandonment or, asa
wordt case, mortdity. The magnitude of thisimpact cannot be determined due to alack of
historicd data On the postive sde, disposa among living trees could have caused tree mortdity,
thus cresting roosting habitat as the trees: bark becomes |oose and exfoliates.

2.2.2.3 Clearing and Snagging

Removal of trees or other obstructions from the navigation channd may have affected Indiana
bats by removing roost trees dong the shoreline. However, the magnitude of thisimpact cannot
be determined due to alack of historical data.

2.2.2.4 Channd Structures and Revetment

Congtruction of channel control structures and revetment may have occurred in aress utilized by
Indiana bats for roogting if bank reshaping and tree remova wasincluded. The magnitude of
these impacts cannot be determined due to alack of historica data but, in total, has been
detrimental to the bat.

2.2.25 Tow Traffic - No Effect
2.2.2.6 Fleeting

Development of fleeting areas may have affected Indiana bats in two ways. (1) disurbance or (2)
loss of roodt trees. Fleeting activities may have disturbed bats roosting in shoreline treesiif trees
are>bumped: by barges or heavy equipment. A study of the effects of barge flegting on bank
erosion found that fleeting areas are of high risk for potential bank eroson (USACE 1998) and a
subsequent loss of potentia roost trees. In addition, barges have been tied off to shordline trees
in the past which may have resulted in their being pulled down. The magnitude of these impacts
cannot be determined dueto alack of historical data.

2.2.2.7 Port Facilities
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Termind or port facilities have typicaly been congtructed in urban or indudtrid aress, usudly
within floodplain habitat. Thereis one Corps of Engineers port facility within the range of the
Indiana bat (LeClaire Service Base, 1A), and numerous private facilities. In non-urban Stuations,
it ispossble that Indiana bat habitat has been destroyed or modified. The magnitude of these
impacts cannot be determined due to alack of historical data

2.2.2.8 Exotic Species - not gpplicable
2.2.2.9 Contaminants

It is possible that insects upon which the species feeds contain environmenta contaminants.
Meade (1995) describes contaminants in the Mississppi River in detail. Contaminantsin the
system include heavy metals, pesticides, and synthetic organic compounds with some specific
areas known to have contaminated sediments. Mayflies (Hexagenia spp.) are considered to be
an gppropriate species to assess ecosystem contamination and have been studied to document
subgtrate contamination by PCB:s, mercury, and cadmium in reaches of the Upper Mississppi
River (Steingraeber and Weiner 1995, Steingraeber et al. 1994, Beauvais et al. 1995).
Bioaccumulation of these substances could possibly have dso affected the Indianabat. Thereis
no historica information available by which to anayze the effects of project-related contamination
on the Indiana bat.

2.2.2.10 Recreation Related Indirect Effects

Development and use of recrestiond facilities such as campgrounds, boat launch facilities,
marinas, and beaches, may have impacted Indiana bats in two ways. 1) modification of habitat
and 2) disturbance. Habitat modification would include loss of trees which may have been used
by bats for roosting. Human activity in roost areas may have disturbed bats resulting in
abandonment. The magnitude of thisimpact cannot be evauated due to alack of historical
informetion.

2.2.2.11 Cahin Leases

Within the Rock Idand Didtrict, there are 565 private recreationa and resdentia leases
encompassing 465 acres. In the St. Louis Didtrict, there are gpproximately 350 recreational
cottage leases on 244 acres. Development and use of cabin lease Sites may have impacted
Indiana bats through habitat modification or disturbance if bats were present. Habitat
modification would include loss of shordline trees which may have been used by bats for roosting.
The magnitude of thisimpact cannot be evauated due to alack of historical information.

2.2.2.12 Genera Plan Lands Management
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The Corps has the respongbility and authority to manage the naturd resources on feetitle lands.
The gods of the Corps forest management in the project area are described in section 1.2.3 of
this documen.

Aswith most habitat management projects, the prescribed forest management practices may have
caused temporary adverse impacts, but provided long-term benefits to the habitat (i.e., forest
regeneration). All forest management prescriptions are evaluated for presence of threatened or
endangered species, or species of specia concern and actions are taken to avoid impacts to
species. Thisincludes designation of specid management zones, observance of seasond
regtrictions and provision of buffers. Forest management practices are carried out through close
coordination with state and federal resource agencies including the U.S. Fish and Wildlife Service.

Forestry practices diversfy the habitat and strive to maintain size class diversity. Specific actions
are described in the operating management plan (OMP) and five year plan and environmenta
assessment prepared for forestry, fish and wildlife management within the St. Paul and Rock
Idand Didricts.  Forest management practices that maintain forest age class and diversty have
contributed to the conservation of the pecies through provision and maintenance of suitable
habitat into the future.

Management of Generd Plan lands by the U.S. Fish and Wildlife Service and sate natura
resource agencies may have resulted in changes to Indiana bat habitat. Within the range of the
bat, these areas include the 1llinois River Refuges, Mark Twain Nationa Fish and Wildlife Refuge,
UMR Nationd Wildlife & Fish Refuge, and various areas managed by state agencies. Detailed
descriptions of the Refuges are included in their respective refuge Master Plans. In generd, the
management practices on Genera Plan lands that have maintained forest age class and diversity
have contributed to the conservation of Indiana bat habitat. However, clearing of bottomland
forest may have negatively impacted the bat.

The magnitude of thisimpacts cannot be evaluated due to alack of higtorica information.
2.3 Effects of the Action

This section includes an andysis of the direct and indirect effects of the proposed action on the species
and itsinterrdlated and interdependent activities.

2.3.1 Direct Effects
2.3.1.1 Operation of the 9-Foot Channel Project
2.3.1.1.1 Impoundment and Water Level Regulation
The long-term impact of impoundment upon the bottomland forest and species composition is

not yet fully understood. However, trees will continue to produce seeds as they havein the
past, 0 the reproductive potentia of the bottomland speciesis present aslong asthere are
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mature trees. As mentioned in Section 7.2.1, it gppears that much of the forest is aging and
not regeneraing in asmooth trangtion. If forests are dlowed to undergo natural succession,
Indiana bat habitat could decline over the 50-year life of the project. However, the St. Paull
and Rock Idand Corps Didtricts have Operationa Management Plans which incorporate
forest management practices that will benefit the bat. 1n addition, the Corps: Conservation
Measure for the Indiana bat (section 1.3.1) wherein Aforest management efforts within the
range of the bat will be carried out to establish and maintain forest species and size class
diversity in order to ensure along-term supply of potentia Indiana bat roost trees), will
mitigate any potentia impacts of impoundment and water leve regulaion. Yin (1999)
concluded that the composition of the present day forest will be sustained over the next 50
years.

The generd habitat needs of the Indiana bat include dead or dying trees greater than 9 inches
dbh with exfoliating bark for roosting purposes. While impoundment and water level
regulation will continue to contribute to hydrologica changesin the floodplain of the project
areawhich, in turn, will affect forest compostion and extent, we see no reason to believe that
the avallability of suitable roost treeswill become alimiting factor to the potentid use of the
action area by Indiana bats over the life of the project. Therefore, impacts of impoundment
and water level control will be offset and will not rise to the level of harm; i.e. will not cause
deeth or injury of individua bats or sgnificantly disrupt norma behavior patternsincluding
breeding, feeding or sheltering. The surviva of the specieswill not be threatened in the action
area

2.3.1.2 Maintenance of the 9-Foot Channel Project
2.3.1.2.1 Dredging and Disposal

Channd dredging and disposal will continue over the life of the project and may affect Indiana
bats through disturbance of roosting bats. Both the St. Paul and Rock Idand Didricts
currently have dredged materia placement coordination processesin place. Prior to the
discharge of any dredged material, representatives of the Corps and state and federal resource
agencies meet to determine the preferred placement site for the dredged materidl.
Congderation of endangered species impactsis a part of this process. Potentia impacts of
dredged materid placement can be minimized or avoided and, if necessary, Tier Il Section 7
Consultation will be conducted. All dredged materid in the St. Louis Didtrict is digposed of in
the water and does not affect bat habitat. Therefore, while dredging and disposal may affect
individud bets through disturbance, it will not rise to the level of harm or harassment; i.e., will
not cause deeth or injury of individua bats or sgnificantly disrupt norma behavior patterns
including breeding, feeding or shdltering. The survivd of the species will not be threatened in
the action area

2.3.1.2.2 Clearing and Snagging
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The mgority of snagging presently occurs outsde of the range of the Indianabat. The future
need for snagging on theseriversis unknown. However, given appropriate coordination with
the Servicein the Rock Idand and St. Louis Corps Didtricts, any potential impacts can be
minimized or avoided. Therefore, any impacts are likely to be negligible and it will not riseto
thelevel of harm or harassment; i.e. will not cause deeth or injury of individud bats or
sgnificantly disrupt norma behavior patternsincuding breeding, feeding or sheltering. The
survival of the specieswill not be threstened in the action area.

2.3.1.2.3 Channd Structures/Revetment

Thereis apotentia to affect roosting or nursery trees if construction and maintenance of
channd structures and revetment involves bankline grading and removal of trees. Current
congtruction practices usudly include placing stone from the river without the need for
terrestrid staging areas. In cases where shordine modification is required, it is usualy minor,
and the long-term effect is preservation of the shoreline and reduction in erosion and tree loss.

In ingtances where clearing may be required, surveys would be conducted or clearing would
occur outsde the roosting season. However, we do not expect that tree clearing would occur
to the extent that roosting habitat would be limited.

The planning and design of regulatory structures includes consderation of environmenta
impacts and compliance with various regulaions. The process varies within each Corps
digtrict, but involves coordination with other agencies. The Rock Idand Didrict hasthe
Committee to Assess Regulatory Structures (CARS), which congsts of representatives from
the engineering, operations, and environmentad officer and the U.S. Fish and Wildlife Service,
In addition, adocument produced by the St. Louis Digtrict describes their environmenta river
engineering project in which biologists and engineers cooperate to improve navigation and
habitat diversty through the use of river structures (USACE 1999). Given gppropriate
coordination, impacts to the bat within its range can be avoided. Tier Il Section 7
Consultation will be conducted where necessary. Therefore, any impacts due to construction
and maintenance of channd dructures and revetment are likely to be negligible and will not rise
to thelevd of harm or harassment; i.e. will not cause deeth or injury of individud bats or
sgnificantly disrupt norma behavior patternsincuding breeding, feeding or sheltering. The
survival of the specieswill not be threstened in the action area.

2.3.2 Indirect Effects
2.3.2.1 Navigation Related Indirect Effects
2.3.2.1.1 Tow Traffic - No effect
2.3.2.1.2 Fleeting

The future need for flegting areas will likely increase as tow traffic increases over the life of
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the project. However, potentid impacts of development of fleeting areas can be
minimized or eiminated through appropriate coordination with the Service. The State of
lowa regulates barge-flegting activities through their own regulaions and Illinois and
Missouri regulate it through review of the Federa permitting process (Section 404 of the
Clean Water Act and Section 10 of the Rivers and Harbors Act). Given appropriate
coordination, potential impacts can be minimized or avoided. Tier 1l Section 7
Conaultation will be conducted as necessary. Therefore, fleeting impacts are likely to be
negligible and will not rise to the level of harm or harassment; i.e. will not cause deeth or
injury of individud bats or sgnificantly disrupt norma behavior patternsincluding breeding,
feeding or sheltering. The surviva of the species will not be threstened in the action area.

2.3.2.1.3 Port Facilities

The future need for private port facilities is unknown adthough it will likely increase as tow
traffic increases. If congtruction requires remova of floodplain trees suitable for Indiana
bat roogting, it may adversdy affect the species. However, congtruction of terminals
would be subject to floodplain regulations and environmental review. Given appropriate
coordination, potential impacts can be minimized or avoided. Tier 1l Section 7
Consultation will be conducted as necessary. Therefore, construction and operation of
port facilities may affect individua bats through disturbance or minor habitat dteration but
will not riseto the level of harm or harassment; i.e., will not cause degth or injury of
individua bats or sgnificantly disrupt norma behavior patterns including breeding, feeding
or sheltering. The surviva of the specieswill not be threatened in the action area

2.3.2.1.4 Exotic Species - Not applicable
2.3.2.1.5 Contaminants

Environmenta contaminants from accidenta spills could potentidly affect the Indiana bat.
However, the probability of atraffic-related catastrophic spill is considered low.

Asdiscussed in Section 2.1.3 above, agricultura chemicals have been suggested in severd
sources to be a potentiad cause of population declinesin insectivorous bats. Although it is
true that the direct application of insecticides could affect the species, thisis not of concern
here. Chemicd use has changed and is continuing to change. First generation insecticides
such as DDT or chlordane are soluble in water and have higher potentid to remain
attached to sediment particles, thus attributing to their continued persistence (Goolsby and
Pereira1996). Presently, many agricultura insecticides are water soluble and have half
livesin the hours, thus making them less likdly to impact aguatic insects (USACE 1999).

If they were to affect the Indiana bat or other insectivorous bets, it would most likely be
through decreasing the abundance of their food source, not through direct toxic effects.
Herbicides a so have been documented to be in high concentrations through the river,
epecidly from May through July. With longer hdf lives, they have higher potentid to
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remain atached to sediments; however, they are aso generaly lesslikely to have direct
toxic effectsto animals.

Accidentd spills of contaminants on the UMRS may affect the Indiana bat to aminor
extent by reducing its food supply. However, due to the low frequency of spills on the
UMRS, thisimpact is consdered negligible and will not threaten the surviva of the species
in the action area.

2.3.2.2 Recreation Rdated Indirect Effects

Conddering current population trends, human use of, and demand for recreationd facilitiesin
the UMRS corridor will likely increase, which will increase the potentia for impact on the
Indianabat. Human activity a or near bat roost Sites has the potential to cause disturbance.
Operation of Corps recregtiond facilities includes routine maintenance, such as mowing, but
there is no plan to expand or increase the number of such facilities (USACE 1999). Dueto
the low number of documented roost sitesin the UMRS floodplain, any impacts from
recreationa use are consdered negligible.

Development of private recrestiond facilities would be subject to floodplain regulaions and
environmentd review. Given appropriate coordination, potential impacts can be avoided and
Tier 1l Section 7 consultation will be conducted as necessary. Therefore, impacts from the
condruction of recreationd facilities may affect individua bats through disturbance but will not
riseto the level of harm or harassment; i.e., will not cause degth or injury of individud bats or
sgnificantly disrupt norma behavior patternsincluding breeding, feeding or shdltering. The
survival of the species will not be threstened in the action area.

2.3.3 Interrdated Effects
2.3.3.1 Timber Management - see 2.3.3.3 below
2.3.3.2 Cabin Leases

New leases are not being issued, but existing Sites are maintained. If leased areas are
returned to the Corps, natura resource management prescriptions are implemented which
include closure or remova of the access road and conversion to naturd habitat. Maintenance
actions taken by lessees are subject to review, and therefore impacts to the Indiana bat would
be consdered at that time. However, this maintenance does not include expansion or
additional clearing of trees. Should future clearing be proposed, a Tier 1l Section 7
consultation may be required. Therefore impacts from continued maintenance of cabin leases
may affect individua bats through disturbance but will not rise to the level of harm or
harassment; i.e., will not cause death or injury of individud bats or sgnificantly disrupt normd
behavior patterns including breeding, feeding or shetering. The surviva of the species will not
be threatened in the action area.
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2.3.3.3 Management of General Plan Lands

Corps forest management goas were described in section 1.2.3 of this document. In
addition, the Corps has proposed a Conservation Measure for the Indiana bat (see 1.3.1
above) wherein Aforest management efforts within the range of the bat will be carried out to
establish and maintain forest gpecies and Sze class diverdty in order to ensure along-term
supply of potentid Indiana bat roost trees.i Although forest management practices may
cause temporary adverse impacts, there will likely be long-term benefits to the habitat. Prior
to carrying out management actions, Stes are evaluated for presence of threatened or
endangered species and other natural resources of concern, and actions are taken to avoid
impacts to these species. Thisincludes designating specid management zones, observing
seasond redtrictions, and providing buffers. Forest management is carried out through close
coordination with State and Federd resource agencies, including the U.S. Fish and Wildlife
Service. Forestry practices diversfy the habitat and strive to maintain Size class diversity.
Specific actions are described in the OMP, 5-year plan, and Environmental Assessment
prepared for forestry, fish and wildlife management within the Rock 1dand Digtrict (USACE
1992, USACE 1981). Forest management practices that maintain forest age class and
diverdity contribute to the conservation of the species through providing and maintaining
suitable future habitat.

Asdescribed in Section 1.2.3, agreat dedl of land in the project areais managed by the U.S.
Fish and Wildlife Service and state naturd resource agencies as fish and wildlife refuges and
recregtiond areas. Within the range of the Indiana bat, these include the lllinois River
Nationd Wildlife and Fish Refuge, the Mark Twain Nationd Wildlife Refuge, the Upper
Missssppi River Nationd Wildlife and Fish Refuge, and various areas managed by the States.
At the present time, dl Service Refugesin the action area are preparing Comprehensive
Conservation Plans (CCPs) which will address forest |land management. Forest management
practices that maintain forest age class and diversity contribute to the conservation of the
species through providing and maintaining suitable future habitat.

Therefore, any adverse impacts associated with Generd Plan Land management will not rise
to the leve of harm or harassment; i.e. will not cause deeth or injury of individua bats or
sgnificantly disrupt norma behavior patternsincluding breeding, feeding or shdltering. The
survival of the species will not be threstened in the action area.

2.3.4 Interdependent Effects - None

2.3.5 Cumulative Effects

Cumulative effects include the effects of State, loca or private actions that may occur in the
action area. Future Federd actions that are unrelated to the proposed action are not considered
in this section because they require separate consultation pursuant to section 7 of ESA.
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The Service is unaware of any non-Federal actionsthat are reasonably certain to occur which
may affect the Indianabat. However, most non-Federd actions in the floodplain of the lllinois
and Upper Mississppi Riverswill likely require Federd review under Section 404 of the Clean
Water Act or Section 10 of the Rivers and Harbors Act. Given appropriate environmental
coordination, impacts to the Indiana bat can be avoided. Therefore, any cumulative effects due
to non-Federal actions are considered to be negligible.

2.3.6 Summary of Effects

In summary, loss of habitat may result from continued impoundment and water level regulation of
the UMRS but these losses will be offset by forest management practices conducted by the
Corps and other Federal and state resource agencies. Impacts from other aspects of the
operation and maintenance of the 9-Foot Navigation Project are considered to be negligible and
will not rise to the leve of harm or harassment; i.e., will not cause degth or injury of individud
bats or significantly disrupt norma behavior patterns including breeding, feeding or sheltering.
The surviva of the specieswill not be threatened in the action area.

2.4 Conclusion

After reviewing the current status of the Indiana bat, the environmental basdine for the action area,
the effects of the proposed action, and the cumulative effects, it is the Services biologica opinion
that the proposed action is not likely to jeopardize the continued existence of the species.

Potentid impacts will be negligible, offset by forest management prescriptions, or will be avoided or
minimized through gppropriate environmental coordinaion. As any adverse effectswill be
minimized, the long-term persstence of the Indiana bat within the action areawill not be threatened.
Thus, the proposed action is dso unlikely to gppreciably reduce the likelihood of surviva and
recovery of the species rangewide. No Critica Habitat has been designated for the bat within the
action area

2.6 Incidenta Take

Section 9 of the Act and Federa regulation pursuant to Section 4(d) of the Act prohibits the take of
endangered and threatened species without special exemption. Take is defined asto harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any such
activity. Harm is further defined by the Service to include sgnificant habitat modification or
degradation that resultsin deeth or injury to listed species by sgnificantly impairing essentid
behaviora patterns, including breeding, feeding, or sheltering. Harassis defined by the Service as
intentiona or negligent actions that create the likelihood of injury to listed species to such an extent
asto ggnificantly disrupt normd behavior patterns which include, but are not limited to, breeding,
feeding, and sheltering. Incidentd take is defined as take incidental to, and not the purpose of, the
carrying out of an otherwise lawful activity. Under the terms of Section 7(b)(4) and Section
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7(0)(2), take incidental to and not an intended part of the agency action is not considered prohibited
taking under the Act, provided 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 for the
exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to regulate the activity
covered by thisincidentd take statement. If the Corps fails to assume and implement the terms and
conditions, the protective coverage of Section 7(0)(2) may lapse. In order to monitor the impact of
incidenta take, the Corps must report the progress of the action and its impact on the species to the
Service as specified in the incidentd take statement (50 CFR, 402.14(1)(3)).

The Service does not anticipate that the proposed action will incidentally take any Indiana bats.
2.7 Conservation Recommendations - None
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3.0 Decurrent false aster
3.1 Status of the Species

This section presents the biologica or ecologica information relevant to formulating the biologica
opinion. Appropriate information on the species life higtory, its habitat and ditribution, and other
data on factors necessary to its survival, isincluded to provide background for analysisin later
sections. This andyss documents the effects of dl past human and natural activities or events that
have led to the current Status of the species. Thisinformation is presented in listing documents, the
recovery plan (USFWS 1990), and the Biological Assessment (USACE 1999).

The decurrent false aster (Boltonia decurrens) was listed as a threstened species by the Service on
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November 14, 1988 (53 FR 45861). It isafloodplain speciesthat occurs dong a 250 miles
section of the lower Illinois River and nearby parts of the UMR (Schwegman and Nyboer 1985,
USFWS 1990). B. decurrensisan early successond species that requires either naturd or human
disturbance to create and maintain suitable habitat. 1ts naturd habitat iswet prairies, shalow
marshes, and shores of open rivers, creeks, and lakes (Schwegman and Nyboer 1985). In the past
the annua flood/drought cycle of the Illinois River provided the naturd disturbance required by this
gpecies. Annua spring flooding created open, well lit habitat and reduced competition by killing
other less flood-tolerant, early successiona species. Field observations indicate that in "weedy™
areas without disturbance, the speciesis eiminated by competition within 3 to 5 years (USFWS
1990).

Smith et al. (1998) found that populations of B. decurrensincreased in Size at three Stes studied on
the Illinois River following the flood of 1993, with the greatest increase occurring at the two Stes
which had the most severe flooding. These results suggest that the remova of competing species by
flood waters may be an important factor in maintaining populations of B. decurrensinthe
floodplain. B. decurrens has high light requirements for growth and achene germination (Smith et
al. 1993, Smith et al. 1995), and shading from other vegetation is thought to contribute to its
decline in undisturbed aress.

B. decurrens exhibits a number of morphologica adaptations for life on the floodplain. Stoecker et
al. (1995) found B. decurrens to be extremdy tolerant when maintained under conditions of root -
zone saturetion. All plantsin the flood trestment replicate survived to the end of the study a 56
days. Theformation of aerenchyma, a common plant adaptation to flooding which dlows diffuson
of oxygen from agrid shoots to maintain root metabolism, was extensve, increasng in adventitious
roots from 26% of root cross-section area in non-flooded plants to 49% in flooded plants
(Stoecker et al. 1995). Achenesof B. decurrens are morphologicaly structured for flotation and
therefore presumably are adapted for digpersal on river currents. Smith and Keevin (1998) found
that germination was not significantly reduced in achenes floated for 4 weeks, and 20% of achenes
floated under conditions of smulated wave action were dill floating after 4 weeks. These data
indicate that achenes have the potentia for long distance dispersal on water.

Smith and Keevin (1998) found that achenes of B. decurrens will not germinate in the dark.
Achenes, which were covered with aslittle as 0.2 in. of sediment, did not germinate; therefore, if
achenes are deposited by flood water and subsequently covered by a shallow layer of sediment, it is
unlikely they will germinate. Natura or human disturbance of the soil, exposing the achenesto light,
would be required for germination. Sediment type may aso be an important factor in achene
germindtion and long-term surviva of populations. B. decurrens has been observed growing on a
variety of soil types (Schwegman and Nyboer 1985, Smith 1991); however, laboratory studies
(Smith et al. 1995) comparing achene germination and growth on two soil types, Sty clay (6.7%
sand, 53.3% silt, and 40% clay) and loamy sand (80% sand, 16.7% silt and 3.3% clay) indicate
that germination and seedling growth were significantly greater on sand than on clay. These
laboratory results suggest thet the silt and clay sediment being deposited by flood events on the
[llinois River (Lee and Stdl 1976) is not ided for germination and growth. Soil type may thus be
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important in determining the distribution pattern of this species

B. decurrens reproduces vegetatively and sexudly. Vegetative production of one or more basa
rosettes occurs during the fall. Rosettes bolt the following spring; plants flower and set achenes
from late August to early October. Field monitoring by Schwegman and Nyboer (1985) suggested
prolific achene production. B. decurrens produces ca. 50,000 achenes per individual, and, based
on achene viahility, an average plant is capable of producing ca. 40,000 seedlings under optimal
conditions for germination (Smith and Keevin 1998). Fdl seedlings overwinter and bolt and flower
the following spring and summer. Spring seedlings, however, may ather bolt and flower the same
year or overwinter as small rosettes which bolt and flower the following year (Smith 1991). In
areas where seedling production islow or nonexistent, B. decurrens populations can be maintained
by basd rosette production. In fact, few seedlings are found in established populations (Maoss
1997, Smith 1991). Seedling establishment is expected to be low due to the small achene sze, the
high light and temperature requirements for germination, and specific soil texture and
microtopography requirements for germination and seedling growth (Baskin and Baskin 1988,
Smith et al. 1995).

Andysis of 19" century habitat data taken from herbarium sheetsindicates that B. decurrens
natural habitat was the shores of lakes and streamsin the Illinois River floodplain and the Mississippi
River floodplain in the vicinity of its confluence with the lllinois River. It ranged dong a 250 mile
sretch between LaSdle, lllinoisand S. Louis, Missouri. A digunct population a Cape Girardeau,
Missouri was reported in 1976, 120 miles downstream of . Louis (Schwegman and Nyboer
1985), but it has not been found since.

The present digtribution of the aster is essentidly unchanged. Determining atota population for the
speciesis difficult because individua populations may change dramatically from yeer to year; some
increasing, Some decreasing, new ones gppearing and old ones disgppearing depending on Site
conditions. Severd notable populations include Riverlands Environmental Demongtration Area,
Spatterdock Bottoms and Columbia Bottomsin &t. Charles County, Missouri; and Rice Lakein
Fulton County, and Worley Lake in Tazewel County, Illinois (Dr. Marian Smith, Southern lllinois
University - Edwardsvillein litt. to Gerry Bade December 4, 1999; ibid. January 28, 2000.).

In spite of the above, the speciesis consgdered to be stable ((Dr. Marian Smith, Southern Illinois
University - Edwardsvillein litt. to Gerry Bade December 4, 1999). The Recovery Plan states that
the species will be considered recovered after 12 stable populations have been protected by
purchase, easement or cooperative management agreement. The speciesis considered to be about
75% recovered a thistime ((Dr. Marian Smith, Southern Illinois University - Edwardsvillein litt. to
Gerry Bade December 4, 1999).

Habitat destruction and modification has been blamed for the decline of the species, particularly of
natura marshes, wet prairies, and shordline habitats. Wetlands have been drained and converted to
other uses, heavy siltation has buried suitable habitats, and congtruction of levee systems have
dtered the flooding regimes necessary for reduction of competition and prevented the dispersa of
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seeds to potential habitat. (USFWS 1990, Schwegman and Nyboer 1985, Smith et al. 1993,
Stoecker et al. 1995, Smith et al. 1998, Smith and Keevin 1998).

3.2 Environmentd Basdine

This section is an andlydis of the effects of past and ongoing human and naturd factors leading to the
current status of the species, its habitat, and ecosystem within the action area. The purposeisto
describe the current status of the species within the action area and those factors that have
contributed to this Sate.

3.2.1 Status of the Speciesin the Action Area

The action area encompasses the entire range of the species, therefore its status within the action
areais as described above.

3.2.2 Factors Affecting the Species
3.2.2.1 Impoundment and Water Level Regulation

Theinitid impoundment of the lllinois River by navigation dams Locks and Dam 26 on the
UMR; La Grange Lock and Dam, Peoria Lock and Dam, Starved Rock Lock and Dam and
Marsailles Lock and Dam on the Illinois River) within the historic range of the aster created a
series of pools. The poaling of the lllinois River resulted in the inundation of shordine habitat.

Higtoric collectionsindicate that shoreline habitat was utilized by B. decurrens (USFWS
1990). The acreage of shordine habitat lost during theinitia inundation by the navigation
pools has not been quantified. 1t should be noted, however, that Anew@ shordine would have
been created or shifted to a higher evation when the river was impounded.

Maintenance of navigation pools on the Illinois River has resulted in stable water levels during
low-flow periods while locks and dams have had little effect on water stages during high
water events. During low-flow periods prior to lock and dam construction, especialy during
drought years, the river would have receded, providing additiona shoreline habitat for B.
decurrens. The magnitude of impact would depend on many factors including the timing and
duration of shoreline dewatering and availability of aseed bank. While the natura drought
process has been eliminated, the flood cycle remains unmodified.

3.2.2.2 Dredging and Disposd

Dredged materid from the navigation channd by a hydraulic cutterhead dredge and is
discharged to placement sites by floating pipeline. Under optima conditions, the dredge can
pump as much as 350 cubic yards per hour asfar as 4000 feet up or downstream and up to
1000 feet inland. The Government hydraulic cutterhead dredge William A. Thompson is
occasonaly used for large jobs or jobs requiring longer pipeline, up to 1 mile.
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Dredged materid removed from the navigation channe in the Rock Idand Didtrict portion of
the lllinois River was usudly placed dong the shoreline or occasondly in upland siteslocated
in close proximity to the dredging sSite. Depending upon location, dredged materid is placed
1) linearly dong the shoreline for bankline stabilization or to rejuvenate recrestiond beaches
that have diminished because of erosion, or 2) in the upland out of theriver, occasondly in
bottomland forest, or, more likdly, in indudtrid Sites, on levees, or in beneficid use Stes.
Previous shoreline and upland placement may have destroyed populations of B. decurrens or
rendered the habitat unsuitable for recolonization. Dredged material removed from the St.
Louis Didricts portion of the lllinois River and the Missssppi River are placed in underwater
sites near the shordine. The magnitude of impact cannot be quantified due to alack of
historical data

3.2.2.3 Clearing and Snagging - not gpplicable
3.2.2.4 Channd Structure/Revetment

Past activities related to the congtruction of channel training structures and revetment have
likely affected B. decurrens or its habitat.  Such modification includes bankline grading and
placement of stone (covering habitat) for bank revetment, wingdams, and closure structures.
Maintenance of existing structures where shoreline modification has occurred may aso have
affected the species. The magnitude of these impact cannot be quantified due to alack of
historical data

3.2.2.5 Heeting

Development of existing flegting areas required various levels of habitat modification, including
placement of on-shore deadmen. Operation of heavy equipment and soil disturbance may
have affected B. decurrens to an unknown degree. A study of the effects of barge flegting
on bank erosion found that fleeting areas are of high risk for potentia bank eroson (USACE
1998) which may have destroyed the plant-s habitat. However, the magnitude of thisimpact
cannot be determined due to alack of historica data

3.2.2.6 Recregtion Related Indirect Effects

Development of recrestion-related facilities required various levels of habitat modification
including grading of shoreline areas, construction of boat ramps and docks, placement or
riprap and bank revetment, and dredging access channels and harbors.  Such actions may
have destroyed the plant=s habitat. The level of impact to B. decurrens or its habitat is
unknown due ato lack of historical data.

3.2.2.7 Cabin Leases
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Development and use of cabin lease Stes may have impacted decurrent false asters through
habitat modification. Habitat modification would include converson of open floodplain
habitat to maintained lawns or rip rap shore protection. Continual human traffic over an area
of otherwise suitable habitat would render it unsuitable for the species. The magnitude of this
impact cannot be evaluated due to alack of historical information.

3.2.2.8 Generd Plan Land Management

Corps of Engineers Generd Plan (GP) Lands in the St. Louis Didtrict include Riverlands
Environmental Demonstration Area (EDA) managed by the Corps, Dresser
Idand/Spatterdock Bottoms managed by the Corps, Horseshoe Lake managed in part by the
Corps and the State of llinois) and Batchtown, Calhoun and Gilbert Lake Divisons and the
Portage Idand Group of the Mark Twain Nationd Wildlife and Fish Refuge managed by the
Service. B. decurrens occursin the Gilbert Lake Divison, Horseshoe Lake, the EDA and
Dresser |dand/Spatterdock Bottoms.

In the pagt, certain maintenance and management activities such as grading and filling, bank
sabilization, mowing, drainage ditch clean-out and controlled burns may have impacted the
adter on these areas. The magnitude of these impacts is unknown due to alack of historical
data. No previous Section 7 consultation has been conducted for these activities.

3.3 Effects of the Action

This section includes an analysis of the direct and indirect effects of the proposed action on the
gpecies and itsinterrelated and interdependent activities.

3.3.1 Direct Effects
3.3.1.1 Operation of the 9-Foot Channel Project
3.3.1.1.1 Impoundment and Water Level Regulation

The continued impoundment will not cause any additiona impacts to the species or its
habitat, i.e., no additiond habitat will belost due to inundation. Consequently, the impacts
of impoundment will not threaten the surviva and recovery of the species over the life of
the project.

The future impacts of weater level regulation will be the same asin the padt, i.e Sabilization
of water levels during low flows and little or no affect on high flows. While the naturd
drought process has been diminated, the flood cycle remains unmodified and will continue
to provide the habitat disturbance on which the species depends. Consequently, the
impacts of water level regulation will not threaten the surviva and recovery of the species
in the action area.



3.3.1.2 Maintenance of the 9-Foot Channel Project
3.3.1.2.1 Dredging and Disposa

The Rock Idand Digtrict currently has a dredged materia placement coordination process
in place. Prior to the discharge of any dredged materid, representatives of the Rock
Idand Didtrict and the On-Site Inspection Team (OSIT) meet to determine the preferred
placement Ste for the dredged material. The OSIT is composed of representatives of the
appropriate State and Federa agencies. The U.S. Fish and Wildlife Service, dong with
representatives of the affected State(s), participate in the OSIT. Additionally, appropriate
Federal and State agency representatives are coordinated with concerning endangered
species. Although the OSIT tries to avoid impacts from dredged materid placement,
thereis a potentid that B. decurrens may occur at sites where seed has settled but the
plant has not yet sprouted. Potential impacts of dredged materid placement can be
minimized as much as possible through appropriate coordination with the Service. Tier I
Section 7 Consultation will be conducted as necessary. In the . Louis Didrict,
placement of dredged materia within the range of B. decurrens does not involve land or
shordine digposd. Therefore, the impacts of maintenance dredging will not thresten the
survival and recovery of the speciesin the action area.

3.3.1.2.2 Clearing and Snagging - not applicable
3.3.1.2.3 Channd Structure/Revetment

Thereisapotentid to adversdly affect decurrent false aster populations where
congtruction and maintenance of channe structures and revetment would involve habitat
modification. Such modification would include bankline grading and placement of stone
(covering habitat) for bank revetment, wingdams, and closure structures. Thereisdso a
potentia that bank grading and associated activities could create conditions suitable for the
establishment of new populations of B. decurrens due to habitat disturbance. Current
congtruction practices for off-bank revetment, chevron dikes, and bendway weirs do not
involve terrestrid habitat destruction and congtruction is done from the river without
terrestrid staging aress.

Potentid impacts of congtructing and maintaining channd structures and revetment can be
avoided through appropriate coordination with the Service. Tier Il Section 7 Consultation
will be conducted as necessary. Therefore, congtruction and maintenance of channel
Sructures and revetment will not threaten the survival and recovery of the speciesin the
action area.

3.3.1.2.4 Lock and Dam Rehahilitation - no effect
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3.3.2 Indirect Effects
3.3.2.1 Navigation Related Indirect Effects
3.3.2.1.1 Tow Traffic - no effect
3.3.2.1.2 Festing

The future need for flegting areas will likely increase as tow traffic increases over the life of
the project. Fleeting may affect individua plants through shordline erosion. However,
potentid impacts of development of flegting areas will be minimized or diminated through
gppropriate coordination with the Service. The States of Illinois and Missouri regulate
fleeting through review of the Federd permitting process (Section 404 of the Clean Water
Act and Section 10 of the Rivers and Harbors Act). Given appropriate coordination,
potentia impacts can be minimized or avoided. Tier I Section 7 Consultation will be
conducted as necessary. The surviva of the species will not be threstened in the action
area

3.3.2.1.3 Port Facilities

The future need for additiond port facilitiesis unknown dthough it will likely incresse as
tow traffic increases over the life of the project. Congtruction of port facilities may affect
the aster through habitat modification. However, potentid impacts of port facilities can be
avoided through appropriate coordination with the Service. Tier |1 Section 7 Consultation
will be conducted as necessary. Therefore, development of port facilities will not threaten
the surviva and recovery of the speciesin the action area.

3.3.2.1.4 Exotic Species - not gpplicable
3.3.2.1.5 Contaminants

The potentiad for amagjor spill of an herbicide that would harm the agter is extremely
remote and would be mitigated by the dilution with river water, river stage, location and
timing of the spill. Therefore, thisimpact is consdered negligible and will not threaten the
survival and recovery of the speciesin the action area.

3.3.2.2 Recreation Related Indirect Effects

Congdering current population trends, human use of, and demand for recreationd facilitiesin
the UMRS corridor will likely increase, which will increase the potentia for impact on the
adter. Development of recreetiond facilities such as boat ramps and harbors, swvimming
beaches, and the like may affect the aster through habitat modification. However, potentid
impacts can be avoided through appropriate coordination with the Service. Tier Il Section 7
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Conaultation will be conducted as necessary. Therefore, development of recrestiond facilities
will not threaten the survival and recovery of the peciesin the action area.

3.3.3 Interrelated Effects
3.3.3.1 Timber Management - see section 3.3.3.3 below
3.3.3.2 Cabin Leases

The maintenance of cabin lease sites by the Corps of Engineers will not likely create any
additiond impactsto the aster. There will be no new leases issued, but those in existence will
be maintained. All leases returned to the Corps are released and natura resource
management prescriptions areimplemented. This usualy includes closure or removd of the
access road and conversion to natura habitat (USACE 1999). All new maintenance actions
taken by lessees are subject to review by the Corps. Therefore, maintenance of cabin lease
steswill not threaten the survival and recovery of the speciesin the action area.

3.3.3.3 Generd Plan Land Management

The S. Louis Digtrict has recently completed an Action Plan for B. decurrens on Corps of
Engineers Generd Plan lands within the St. Louis Digtrict (USACE 1998). Development of
the Action Plan was ajoint effort between the U.S. Fish and Wildlife Service and the Corps
of Engineers with participation from Dr. Marian Smith (Southern Illinois University -
Edwardsville), an expert on the species. The action plan included a monitoring protocol and
initid census, evaduation of management techniques, training of Site personnd to identify the
species, development of an education and outreach program, development of land
management objectives, and development of a pre-action checklist for project
implementation. The next step isto implement the plan and to incorporate a management
protocal into the Corps Operationd Management Plan for the area. Consistent with the
Action Plan, the . Louis Didrict has completed Phase | (Monitoring Protocol), an initia
census of the Environmenta Demondtration Areg, to determine the locations and generd
population sizesof B. decurrens (USACE in litt. to Gerry Bade, November 3, 1999).
Implementation of this Action Plan will provide benefits to the species and enhance the
potentia for its survival and recovery.

Similar management possibilities exist on other Corps lands, U.S. Fish and Wildlife Service
refuge lands, including the Mark Twain Nationd Fish and Wildlife Refuge and the lllinois
River Refuge, and management lands owned and/or managed by the Missouri Department of
Conservation and the lllinois Department of Natura Resources. The Servicess Refuges are
currently in the process of completing Comprehensive Conservation Plans which will address
their gods and objectives for aster management. Although some land prescriptions may
temporarily impact the species, management by these agencies will, in genera, be of benefit to
the aster in the action area.
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3.3.3.4 Public Use Sites - see 3.3.2.2 above.
3.3.4 Interdependent Effects - none
3.3.5 Cumulative Effects

Cumulative effectsinclude the effects of State, local or private actions that have occurred in the
action area. Future Federd actions that are unrelated to the proposed action are not considered
in this section because they require separate consultation pursuant to section 7 of ESA.

The Service is unaware of any non-Federal actions that are reasonably certain to occur which
may affect the decurrent fase aster. However, most non-Federd actions in the floodplain of the
[llinois and Upper Missssippi Rivers will likely require Federa review under Section 404 of the
Clean Water Act or Section 10 of the Rivers and Harbors Act. Given appropriate
environmenta coordination, impacts to the aster can be avoided. Therefore, any cumulative
effects due to non-Federd actions are considered to be negligible.

3.3.6 Summary of Effects

In summary, al potentia impacts from the continued operation and maintenance of the 9-Foot
Channd Project are conddered to be negligible and will not threaten the surviva and recovery of
the speciesin the action area. Furthermore, al new construction of river training structures and
bank revetment, maintenance of existing structures, and channd dredging and disposa will be
subject to environmentd review by the Service, and thus, additiona measures to further minimize
potential impacts will be implemented viaa Tier |1 Section 7 consultation. Similarly, non-Federd
activities such asfleting, port facilities, and recregtiond facilities requiring authorization under the
CWA or River and Harbors Act will aso be reviewed by the Service and, if necessary, undergo

aTier Il Section 7 consultation.
3.4 Concluson

After reviewing the current status of B. decurrens, the environmental basdline for the action area,
the effects of the proposed action, and the cumulative effects, it is the Services biologica opinion
that the proposed action is not likely to jeopardize the continued existence of the species.

Potentid impactswill be negligible, offset by management prescriptions, or will be avoided or
minimized through gppropriate environmental coordination. As any adverse effectswill be
minimized, the long-term pergstence of the aster within the action areawill not be threatened. Thus,
the proposed action is aso unlikely to appreciably reduce the likelihood of surviva and recovery of
the species rangewide. No critica habitat has been designated for this species, therefore, none will
be affected.
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3.5 Incidenta Take Statement

Sections 7(b)(4) and 7(0)(2) of ESA do not apply to the incidentd take of listed plant species.
However, protection of listed plantsis provided to the extent that ESA requires a Federa permit for
remova or reduction to possession of endangered plants from areas under Federd jurisdiction, or
for any act that would remove, cut, dig up, or damage or destroy any such species on any other
areain knowing violation of any regulation of any State or in the course of any violaion of a State
crimina trepass law.

3.6 Consarvation Recommendations

Section 7(a)(1) of ESA directs Federa agenciesto utilize their authorities to further the purposes of
ESA 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 aproposed action on listed species or critica habitat, to help implement recovery plans,
or to develop informetion.

1. The &. Louis Corps Didrict and the U.S. Fish and Wildlife Service developed an action plan
for managing and protecting populations of B. decurrens on the Riverlands Environmenta
Demondration Area (EDA). The action plan included a monitoring protocol and initid
census, evauation of management techniques, training of Site personnd to identify the species,
development of an education and outreach program, development of land management
objectives, and development of a pre-action checklist for project implementation.
Implementation of this action plan is hereby recommended.
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4.0 Interior Least Tern
4.1 Status of the Species
4.1.1 Species Description

Least terns (Sterna antillarum) are the smalest members of the subfamily Sterninae and family
Laridee of the order Charadriiformes, measuring approximately 21-24 cm long witha51 cm
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wingspan. The sexes are dike with a black-capped crown, white forehead, grayish back and
dorsd wing surfaces, snowy white undersurfaces, legs of various orange and yellow colors
depending on the sex, and a black-tipped bill whose color dso varies depending on sex (Watson
1966, Davis 1968, Boyd and Thompson 1985). Immeature birds have darker plumage than
adults, adark hill, and dark eye gtripes on their white foreheads.

The least tern in North America was described by Lesson in 1847 (Ridgway 1895, American
Ornithologists Union (AOU) 1957, 1983). Theleast ternin interior North Americawas later
described as arace of the Old World little tern (Sterna albifrons). Asaresult of sudieson
vocalizations and behavior, this group is now recognized as a distinct species, with the interior
least tern recognized as a subspecies (Sterna antillarum athalassos) (AOU 1957, 1983).
Unless otherwise specified, the term Aleast ternsf) will heregfter refer to the interior least tern.

4.1.2 Higoric and Current Rangewide Digtribution

Theinterior least tern is migratory and historicaly bred aong the Missssppi, Missouri,
Arkansas, Red, Rio Grande and Ohio river systems (AOU 1957, Anderson 1971, Coues 1874,
Burroughs 1961, Hardy 1957, Y oungworth 1930, 1931, Ducey 1981). The range extended
from Texas to Montana and from eastern Colorado and New Mexico to southern Indiana.
Incidental occurrences of least terns have been reported in Michigan, Minnesota, Wisconsin,
Ohio and Arizona (Campbell 1935, Janssen 1986, Jung 1935, Mayfield 1943, Monson and
Phillips 1981, Phillips et al. 1964). The species continues to breed in most of the above
referenced river systems. However, its distribution is generdly redtricted to less dtered river
segments (USFWS 1990).

Missssppi and Ohio Rivers: Inthe Missssippi River valey, least terns historically nested from
Lee County, lowa, to Jefferson County, Mississippi (Hardy 1957, Smith and Renken 1993).
Currently, the breeding range extends from Madison County, 1llinais, (gpproximate Upper
Missssppi River mile 196.0) to Madison Parish, Louisiana, on the Lower Missssippi River
(Rumancik 1988). Surveys by the Corps of Engineers (Corps) (Rumancik 1985, 1986, 1987
and 1988, M. Smith 1986) and the Missouri Department of Conservation (MoDOC ) (J. Smith
1985, 1986, 1987, and 1988, Smith and Renken 1990) indicate that about one-haf of dl least
terns occur aong 1100 km of the Lower Missssppi River. On the Ohio River, least terns nest
just above the confluence of the Tennessee and Ohio Rivers and at one artificid dte on the
Wabash River in Indiana

Missouri River Sysemt In the Dakotas, least terns occur primarily on those river segments of the
Missouri River and its tributaries that are not affected by impoundments or channdlization. In
South Dakota, the least tern nests primarily on flowing segments of the Missouri and Cheyenne
Rivers (Nebraska Game and Park Commission 1985a, Schwalbach 1988, Schwalbach et al.
1986, 1988). Breeding areasin North Dakota congtitute about 192 km of the Missouri River
from Garrison Dam to the mouth of the Cannonball River south of Bismarck (Dryer and Dryer
1985, Mayer and Dryer 1988), and about 29 km of the Y elowstone River in North Dakota
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from the Montana border to the river=s confluence with the Missouri River (Krell and Dryer
1987). In Montana, breeding least terns have been recorded on the Y ellowstone River and on
the Missouri River between Ft. Peck Reservoir and North Dakota. In Nebraska, least terns
breed aong the lower section of the Niobrara River and on the Platte River and severd of its
tributaries (Nebraska Game and Fish Commission 1985a, 1987). Least terns no longer nest in
the Missouri reaches of the Missouri River (Smith 1985, Sidle et al. 1988, Smith and Renken
1990).

Arkansas River Systemt Breeding least terns occur dong the Arkansas River sysem in
Colorado, Kansas, Oklahoma, Arkansas and Texas. In Colorado, least terns nest at Adobe
Creek reservoir and have been observed at Nee Noshe reservoir (Carter 1989). In Kansas,
least terns nest on the Cimarron River (Boyd 1983, 1986, 1987, Schulenberg and Ptacek
1984). Least terns occur on severd tributaries of the Arkansas River in Oklahoma. These
include the Sdlt Fork, Beaver River and Cimarron River (Boyd 1987). In Arkansas, the
breeding range on the Arkansas River is above Little Rock (Smith and Shepard 1985, Smith et
al. 1987, K. Smith 1986).

Red River System: Least terns are known to occur on the Prairie Dog Town Fork of the Red
River in the eastern Texas Panhandle and aong the Texas and Oklahoma boundary asfar east as
Burkburnett, Texas (McCament and Thompson 1985, 1987).

Rio Grande River System Least terns occur at three reservoirs dong the Rio Grand River and
aong the Pecos River a the Bitter Lake Nationd Wildlife Refuge in New Mexico (McCament
and Thompson 1985, 1987, Neck and Riskind 1981, Seibert 1951, Marlett 1984, 1987).

The wintering area of interior least ternsis unknown. However, least terns of unknown
populations or subspecies are found during winter dong the Central American coast and the
northern coast of South Americafrom Venezuelato northeastern Brazil. Approximately 35 least
terns of unknown subspecies have been recaptured in South America, mostly in Guyana. One
interior least tern was captured in El Sdvador and a Cdifornialeast tern has been captured in
Guatemda

4.1.3 LifeHigory
4.1.3.1 Reproductive Biology

Least terns spend about 4-5 months at their breeding Sites. They arrive at breeding areas
from late April to early June (Faanes 1983, Hardy 1957, USFWS 1987a, Wilson 1984,
Wycoff 1960, Y oungworth 1930). Courtship occurs at the nesting Site or a some distance
from the nest Ste (Tomkins 1959). It includes the fish flight, an aerid display involving pursuit
and maneuvers culminating in afish transfer on the ground between two displaying birds.
Other courtship behaviors include nest scraping, copulation and a variety of postures and
vocdizations (Ducey 1981, Hardy 1957, Wolk 1974).
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The nest is a shdlow and inconspicuous depression in an open, sandy area, gravelly patch, or
exposed flat. Smal stones, twigs, pieces of wood and debris usudly lie near the nest. Least
terns nest in colonies and nests can be as close as just afew meters apart or widely scattered
up to hundreds of meters (Ducey 1988, Anderson 1983, Hardy 1957, Kirsch 1990, Smith
and Renken 1990, Stiles 1939). The benefit of semi-colonia nesting in least terns may be
related to anti-predator behavior and socid facilitation (Burger 1988).

The birds usudly lay two to three eggs (Anderson 1983, Faanes 1983, Hardy 1957, Kirsch
1987, 1988, 1989, Sweet 1985, Smith 1985). The average clutch sizefor interior least terns
nesting on the Mississippi River during 1986-1989 was 2.4 eggs (Smith and Renken 1990).
Egg-laying begins by late May. Both sexes share incubation which generaly lasts 20-25 days
but has ranged from 17-28 days (Faanes 1983, Hardy 1957, Moser 1940, Schwalbach
1988).

The precocia behavior of least tern chicksis Smilar to that of other terns. They hatch within
one day of each other and are brooded for about one week. They usualy remain within the
nesting territory but wander farther asthey mature. Hedging occurs after three weeks,
however, parenta attention continues until migration (Hardy 1957, Massey 1972, 1974,
Tomkins 1959). Departure from colonies by both adults and fledglings varies but is usudly
complete by early September (Bent 1921, Hardy 1957, Stiles 1939).

4.1.3.2 Dispersa Patterns

Breeding stefiddity of coasd and Cdifornialeast ternsis very high (Atwood et al. 1984,
Burger 1984). Thismay aso betruefor theinterior least tern initsriverine environment. An
interior least tern banded in 1988 as a breeding adult on the Missouri River in North Dakota
returned in 1989 to breed on a Missouri River sandbar in North Dakota (Mayer and Dryer
1990). Inthe Mississppi River valey, abird banded as a breeding adult in 1987 was
observed nesting at the same Sitein 1989, and three others banded as breeding adultsin
1988 returned to nest within the same dretch of the Missssppi River in 1989 (Smith and
Renken 1990). Two of those birds had returned to within 4.8 km of their former nesting site.
One least tern captured in 1987 as a breeding adult at aMississppi River colony in Missouri
had been banded as a chick in 1980; this bird was nesting at a site 131 km upriver fromiits
natal Tennessee colony (Smith 1987, Smith and Renken 1990). Chick dispersd may be as
far asthat reported by Boyd and Thompson (1985) for a breeding Kansas bird that had been
banded as a chick on the Texas coast.

4.3.1.3 Home Range and Territoridity
The least terres home range during the breeding season is usudly limited to areach of river

near the sandbar nesting Site. Home ranges can be variable and have been documented
ranging from 11 to 1,015 ha (Tdent and Hill 1985). Variaion in homerange szeislikey due

-53-



to food limitations and chick loss. The home range may change if renesting birds sdlect a
different breeding site. Nesting territories are defended and birds defend any nest in the
colony. In defending the territory, the incubating bird will fly up and give an obvious darm
cal followed by repeated dives at the intruder (Hardy 1957).

4.1.1.4 Feeding Behavior and Habitat

Least ternsfeed dmogt entirdly on smdl fish, primarily minnows (Cyprinidae), throughout their
entire life (Y oungworth 1930, Hardy 1957, Anderson 1983). Important fish prey genera
indude Fundulus, Notropis, Campostoma, Pimephales, Gambusia, Blonesox, Lepomis,
Morone, Dorosoma and Carpiodes (Hardy 1957, Grover 1979, Schulenberg et al. 1980
Rumancik 1988, 1989, Smith and Renken 1990, Wilson et al. 1989). This species requires
shdlow water areas in lakes, ponds and river backwater areas with abundant small fish
populations near the nesting area (Ganier 1930, Y oungworth 1930, Hardy 1957, Anderson
1983). Inastudy of eastern least ternsin North Caroling, all 61 of the colonies observed
were within 250 m of alarge expanse of shalow water (Jernigan et al. 1978). In Georgia,
eadtern least terns foraged a maximum distance of 410 m from the colony (Tomkins 1959).
Leadt terns in Nebraska generdly were observed foraging within 100 m of the colony
(Faanes 1983). Mosdey (1976) believed least terns to be opportunistic feeders, explaiting
any fish within acertain szerange. Fishing occurs close to the riverine colony. Fishing
behavior involves hovering and diving over standing or flowing water.

4.1.4 Population Status and Trends

Theinterior least tern was proposed for listing as an endangered species on May 29, 1984 (49
FR 22444-22447). The species was listed as endangered on June 27, 1985 (50 FR 21784-
21792). According to the recovery plan (USFWS 1990), the least tern has been a species of
concern for many years because of its perceived low numbers and the vast transformation of its
riverine habitat. Barren sandbars, the least terns most common nesting habitat, were once a
common feature of the Missssppi, Missouri, Arkansas, Ohio, Red, Rio Grande, Platte and
other river systems of the central United States. Sandbars generdlly are not stable features of the
natura river landscape, but are formed or enlarged, disappear or migrate depending on the
dynamic forces of the river. However, Sabilization of mgor riversto achieve objectives for
navigation, hydropower, irrigation, and flood control has destroyed the dynamic nature of these
processes (Smith and Stucky 1988). Many of the remaining sandbars are unsuitable for nesting
because of vegetation encroachment or are too low and subject to frequent inundation. The
number and distribution of least terns probably declined accordingly.

Kirsch and Sidle (1999) compiled tern population data for 1984-1995 to assess the status of the
population. Breeding population estimates were compiled for 35 loca areas. Numbers of terns
increased during the period 1984-1986, probably due to increased survey efforts. However,
large population increases dong the Middle Missssppi River (MMR) and Lower Mississippi
River (Cape Girardeau, Missouri, to Vicksburg, Missssppi) (LMR) between 1989 and 1990

-54-



(100%) and between 1993 and 1994 (60%) cannot be attributed to increased survey effort or
improved survey methods (Kirsch and Sidle 1999). Approximately 52-79% of least terns nest
along this portion of the Missssippi River. The Platte River, Nebraska, harbors the second
largest number of least terns [438-635 terns (6.2-13.6%)]. Two stretches of the Missouri River
(Garrison Dam to Lake Oahe, North Dakota, and Gavins Point Dam, South Dakota to Ponca,
Nebraska); Sdt Plains National Wildlife Refuge; Oklahoma, Cimarron and Canadian Rivers,
Oklahoma; and Falcon Reservoir on the Rio Grande River, Texas, dl typicaly harbor more than
100 least terns (Kirsch and Sidle 1999).  Although recent counts of |east terns (approximately
8,800 ternsin 1995) exceed the overal recovery objective of 7,000 birds, the mean number of
least ternsin 12 of 19 loca areas designated in the recovery plan (USFWS 1990) do not reach
corresponding objectives (Kirsch and Sidle 1999).

Overd| population trends from 1986-1995 are postive. However, this podtive trend is primarily
due to increases in numbers of least terns on the Lower Missssppi River (Kirsch and Sidle
1999). Annua change for the entire population was approximately 9%. However, when data
from the Lower Missssppi River was excluded, the annua change was 2.4% (Kirsch and Sidle
1999). At the scdle of drainage basins, trends were postive for the Lower Missssippi River
(13%), Platte River (2.6%) and the Missouri River (1.8%). However, only the trend for the
Lower Missssippi River was sgnificant (Kirsch and Sidle 1999).

Interior least tern numbers at loca breeding areas fluctuate substantialy. Thisis perhaps due to
changesin loca and regiond habitat availability or differences in emigration, immigration or loca
recruitment (Kirsch and Sidle 1999). Kirsch and Sidle (1999) detected significant population
trendsin 7 of 31 locd areas. Trendsin 5 of these areas were significantly positive (Garrison
Dam to Lake Oahe on the Missouri River, North Dakota; Elkhorn River, Nebraska; reservoirs
in the Arkansas River watershed, Colorado; Gibson Lake on the Wabash River, Indiana; and
the Lower Missssppi River). Two aress had sgnificant negative trends. These were Council
Bluffs, lowa, near the Missouri River, and Optima National Wildlife Refuge, Oklahoma (Kirsch
and Sidle 1999). Both of these areas support low numbers of least terns.

Kirsch and Sdle (1999) found fledging success estimates to be highly variable among colonies,
river reaches and drainages, both within and among years. Fledging success estimates for the
Lower Missssppi River do not support the positive population trend for that area. In addition,
available data do not indicate high productivity in years prior to large population increases
(Kirsch and Sidle 1999). Also, fledging successin many locad areas was found to be below the
0.51 fledglingg/pair thought to be required for population maintenance (Kirsch 1996). Kirsch
and Sidle (1999) speculated that the most plausible explanation for the recent increase of interior
least terns is surges of immigration from the least tern population dong the Gulf of Mexico which
islarge and stable or increasing (Thompson 1982, Jackson and Jackson 1985, Thompson et al.
1997). Further, they state that regular immigration for the Gulf Coast population may be an
important influence on the dynamics of the interior population of least terns. However,
movement data are limited, with only one published report of aleast tern moving between the
Gulf Coast and interior breeding areas (Boyd and Thompson 1985). Kirsch and Sidle (1999)

-55-



further state that low individud Stefiddity and subgstantid fluctuationsin loca numbers suggest
cons derable movement among breeding aress.

4.15 Habitat Requirements

Interior least terns require open expanses of sand or pebble beach aong river banks and
reservoirs. Sandbars, idands, and dike fields are used for courtship and nesting. Terns choose
stesthat are wel-drained and well back from the water line. Individua nests are usudly near
smal ridges or pieces of driftwood (Bent 1921, Hardy 1957, Tomkins 1959, Ducey 1981,
Anderson 1983, Evans 1984, Dryer and Dryer 1985, Landin et al. 1985). Leadt ternsusualy
nest on Stestotally devoid of vegetation, but have been found on steswith an average 11.4 to
30.4 percent vegetative cover (Hardy 1957, Anderson 1983, Faanes 1983, Schulenberg and
Ptacek 1984, Dryer and Dryer 1985, Landin et al. 1985, Rumancik 1985).

Vegetation, if present, is usudly located well away from the colony (Hardy 1957, Anderson
1983, Rumancik 1985, Smith and Shepard 1985). However, bugseed (Corispermum
hypssopifolium), eastern cottonwood (Popul us deltoides) and sandbar willow (Salix interior)
are commonly found within or near some interior least tern colonies (Wycoff 1950, Faanes
1983, Evans 1984, Dryer and Dryer 1985). Thompson (1982) reported that vegetation
asociated with coadtal least ternsin Texas is usudly clumped and scattered. Thistype of
growth form gppears to be particularly important for protection of young chicks from wesather
extremes and predators (Hardy 1957, Jernigan et al. 1978, Thompson 1982, Minsky et al.
1984, Schulenberg and Ptacek 1984) while not substantialy obscuring the Site verticdly or
horizontaly.

Foraging habitat for least terns includes side channels, doughs, tributaries, shallow-water habitats
adjacent to sand idands and the main channel (Dugger 1997). To successfully reproduce,
productive foraging habitat must be located within a short distance of a colony (Dugger 1997).

4.1.6 Rangewide Digtribution and Abundance of Habitat

At aminimum, over 9,500 acres of sandbar (excluding vegetated areas) existed prior to
impoundment of mainstem dams above Gavins Point Dam (USFWS 1984). While the reach of
river below Gavins Point Dam dill exhibits its somewhat free-flowing state, gpproximately 7,800
acres of sandbar habitat has been lost between 1956 and 1975 (Schmulbach et al. 1981).
Gavins Point Dam closed in 1955. In 1981, Schmulbach et al. reported 2,200 acres of sandbar
remaining aong the 50 mile gtretch of river below Gavins Point Dam thet is designated asthe
Missouri National Recregtion Area. Inthe LMR, 158,074 acres of bare sandbar habitat
occurred above the Low Water Reference Plane (LWRP) in 1948. By 1994, the amount of
bare sandbar habitat above the LWRP had declined to 105,797 acres (USACE 1999a). This
represents a 33% decline in bare sandbar habitat. This declineis attributable to the river=s
response to a series of bendway cutoffs and sandbar accretion and colonization by woody
vegetation (USACE 1999a). Much of the sandbar habitat that remains is associated with
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wingdam systems, which may not provide optimal breeding habitat for least terns.
4.1.7 Factors Affecting Least Terns Rangewide

Channdlization, irrigation and the construction of reservoirs and pools has contributed to the
eimination of much of the least ternes sandbar nesting habitat (Funk and Robinson 1974,
Hallberg et al. 1979, Sandheinrich and Atchison 1986). Ducey (1985), for example describes
the changesin the channd characteristics of the Missouri River snce the early 1900's under the
Missouri River Bank Stabilization and Navigation Project. The wide and braided character of
the Missouri River was engineered into asingle, narrow navigation channd. Most sandbars
virtudly disappeared between Soux City, lowa, and St. Louis, Missouri (Sandheinrich and
Atchison 1986, Smith and Stucky 1988). The MMR and the Lower Mississippi River have
experienced amilar effects due to channdlization.

Current regulation of Missouri River dam discharges pose additiona problems for interior least
terns nesting in remaining habitats (Nebraska Game and Parks Commission 1985¢, Schwalbach
et al. 1988). Before regulation of river flows, summer flow patterns were more predictable.
Peak flow occurred in March from loca runoff and then again in May and June when mountain
snowmelt occurs. Hows then declined during the rest of the summer dlowing least terns to nest
aswater levels dropped and sandbars became available (Stiles 1939, Hardy 1957). Currently,
the main stem system is regulated for hydropower, navigation, water qudity and supply, flood
evacuation, irrigation, fish and wildlife conservation, and public recreation. However, sysem
releases are designed to provide equitable service to power and navigation demands, except
when they conflict with flood control functions of the system (USFWS 1990).

The demands are unpredictable and flows can fluctuate greetly. FHow regimes differ greatly from
historic regimes. High flow periods may now extend into the norma nesting period, thereby
reducing the quaity of existing nest sites and forcing least ternsto initiate nestsin poor qudity
locations. Extreme fluctuations can flood existing nests, inundate potentia nesting aress, or
dewater feeding areas. Interior least terns dong the Arkansas River in Oklahoma and Arkansas
contend with dam discharge problems similar to those on the Missouri River (USFWS 1990).

Along the MMR, Lower Mississppi River, and elsawhere, river discharge may exert
considerable influence on reproductive success. A wet oring may delay river fall and habitat
may not be avallable until later. Risesin theriver during spring and summer may inundate nests
and wash away chicks (Rumancik 1986, 1989, Smith and Renken 1990). Renesting, however,
does occur and may be an adaptation to river fluctuations. Dike congtruction has created many
sandbars between the dikes and many nesting colonies are located on these sandbars (Landin et
al. 1985, Rumancik 1986, 1987, 1988, 1989, J. Smith 1985, 1986, 1987). According to
Smith and Stucky (1988) the process of dike fidd terredtridization iswell underway at severd
least tern colony stesin the Lower Mississippi River. However, according to USACE (1999a)
gpproximately two-thirds of LMR sandbars are not connected to the riverbank at ariver stage of
Low Water Reference Plane (LWRP) +10 feet.
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Reservoir storage of flows responsible for scouring sandbars has resulted in the encroachment of
vegetation aong many rivers such as the Platte River, Nebraska, and greetly reduced channel
width (Currier et al. 1985, O:=Brien and Currier 1987, Eschner et al. 1981, Lyons and Randle
1988, Sidle et al. 1989, Stinnett et al. 1987). In addition, river mainstem reservoirs now trap
much of the sediment load resulting in less aggradation and more degradation of the river bed
and, subsequently, less formation of suitable sandbar nesting habitat. Riverine habitat dong the
centra Platte River may require extensive vegetation clearing and other intensive management.

In contrast, the lower Platte River has not undergone as extensive habitat changes as the centra
Platte. During 1987-1989, riverine sandbar habitat hosted 72% of the nests on the lower Platte
and only 12% of the nests on the central Platte (Kirsch 1989, Lingle 1989).

Human disturbance has been documented as a significant factor affecting tern productivity in
many locations, including the Missouri River (Massey and Atwood 1979, Goodrich1982, Burger
1984, Dryer and Dryer 1985, Schwalbach et al. 1986, Schwalbach 1988, Mayer and Dryer
1990, Dirks and Higgins 1988). Many rivers have become the focus of recreationa activities
and sandbars are fast becoming the recreationa counterpart of coastal beaches. Human
presence reduces reproductive success (Mayer and Dryer 1988, Smith and Renken 1990).
Domestic pet disturbance and trampling by grazing cattle are other factors that have contributed
to the population decline.

Predation has aso been documented as a significant factor affecting least tern productivity in
many locations (Massey and Atwood 1979, Jenks-Jay 1982), including the Missouri River
(Dirks and Higgins 1988). Grover (1979) attributed 25% to 38.5% of the observed nesting
fallures to coyote predation. Paige (1968) noted 40% to 100% of eastern least tern chicks were
destroyed by predators.

Pollutants entering the waterways within and upstream of breeding areas can negatively impact
water qudity and fish populations in nearby foraging areas. Strip mining, urban and industria
pollutants, and sediments from non-point sources can al degrade water quality and fish habitat,
thereby impacting smdl-fish populations on which least terns depend (Wilbur 1974, Erwin
1983). In addition, because least terns are relaively high on the food chain, they arein a
position to accumulate contaminants which may render eggs infertile or otherwise affect
reproduction and chick surviva (USFWS 1983, Dryer and Dryer 1985). The extent of this
impact, however, is undocumented. Mercury resdues have been found in least terns from the
Cheyenne River watershed in South Dakota. DDE=s and PCB:s have dso been found in the two
coastal subspeciesin South Carolinaand California (USFWS 1983).

4.1.8 Summary
Least tern digtribution and abundance have been affected by channdization and impoundment

projects throughout its range. Although this speciesis ftill widdy distributed, it is generaly
restricted to less altered river segments. Overdl population trends from 1986 to 1995 are
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pogitive. However, this pogtive trend is due to increases in numbers of |east terns on the Lower
Missssppi River. Fledging success rates for the Lower Missssppi River do not support the
positive population trend for this area, indicating possible immigration from Gulf Coast
populations. Although recent counts of least terns (approximately 8,800 ternsin 1995) exceed
the overd| recovery objective of 7,000 birds, the mean number of least ternsin 12 of 19 locd
aress identified in the recovery plan (USFWS 1990) do not reach corresponding objectives
(Kirsch and Sidle 1999).

Suitable least tern nesting habitat is anticipated to continue to decline in quantity and suitability as
sandbar habitat accretes and converts to woody vegetation and aguatic habitats continue to be
degraded and lost due to sedimentation.

4.2 Environmenta Basdine

The Section 7 environmentd basdline for this biologica opinion is an andyss of the effects of past
and ongoing human and natura factors leading to the current status of the species, its habitat, and
ecosystemn, within the action area. Along with adiscussion of the past and present impacts
associated with congtruction, operation and maintenance of the 9-Foot Channel Project, the
basdine includes the following: 1) State, locd and private actions dready affecting the species or
that will occur contemporaneoudy with this consultation; 2) unrelated Federd actions affecting least
terns that have completed formd or informa consultations; and 3) Federd and other actions within
the action area that may benefit least terns.

4.2.1 Status of the speciesin the action area
4.2.1.1 Higoric and current distribution in the action area

In the Upper Missssippi River, least terns higtoricaly nested from the confluence with the
Ohio River north to Lee County, lowa (approximate river mile 362.0) (Hardy 1957, Smith
and Renken 1991). Hardy (1957) states that least terns formerly ranged in eastern lowa as
far north as Dubuque, located at gpproximate river mile 580.0. Currently, the breeding range
extends from the confluence of the Ohio River to the confluence of the Missouri River at
approximate river mile 196.0 (MMR). However, least terns have recently been noted at the
Riverlands Environmenta Demondtration Area at gpproximete river mile 202.5 (Dan
Erickson, USACE, pers.comm.), gpproximately 6.5 miles upstream from the confluence of
the Missouri and Missssippi Rivers.

4.2.1.2 Population status and trends in the action area
Higtorica population dataislacking. Thefirgt published report of least terns nesting in lllinois
was made by Widmann (1898) who observed breeding birds on Gabaret Idand in Madison

County, Illinois. Brewer (1954) reported nesting colonies at Horseshoe Lake in Alexander
County in 1952. Downing (1980) did not note any least ternsin the lower 30-50 miles of the
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MMR during surveysin 1974. Two coloniesin the MMR were located in 1983. These
were located at Bumgard Idand at river mile 30.3 and Browrrs Bar at river mile 23.7
(Anderson 1983). Thirteen nests were noted for both colonies (Anderson 1983).

From 1989 to 1995 Corps surveysin the MMR noted least tern numbers ranging from 58 in
1989 to zero in 1995 (USACE 1995). Other smdl boat census information provided by the
Corps noted least tern numbers ranging from 90 in 1986 to 9in 1998. Thiswould seem to
reflect a downward trend. However, detailed surveys of the MMR in 1997 for least terns
identified 169 nests (MoDOC 1997). Two large colonies totaling 160 nests were located on
historical nesting idands (Bumgard Idand and Browres Bar). There has been great variability
in the number of least terns observed in the MMR from year to year. Thisislikely areflection
of yearly fluctuationsin river stages (e.g., flooding) and the availability of suitable nesting
habitat.

4.2.1.3 Didribution and abundance of habitat in the action area

Data regarding the amount of sandbar habitat which historicaly occurred inthe MMR is
lacking. However, Collot=s (1826) historica account of the MMR describes a very dynamic
system with the capability to creste and maintain adiversity of habitat types, indicating
sandbar habitat at al elevations would have been abundant.

According to the Corps least tern biologica assessment (USACE 1999a), 20,412 acres of
non-vegetated sandbar occurs above the LWRP and is potentidly available to least ternsin
the MMR. This habitat iswiddy distributed throughout the MMR with approximately 4,975
acres occurring between river miles 0-45 and 15,437 acres between river miles 45-195. The
biologica assessment did not identify how much of this sandbar area occurs above various
LWRP devations (e.g., LWRP +10, LWRP +15, LWRP +20, etc.). Datafor the LMR
indicates that river stages exceed LWRP +10 eevation for considerable periodsin any given
year (e.g., 240 to 300 days exceedence). Therefore, the sandbar area occurring above
LWRP +15 and LWRP +20 ismogt likely potentidly available to least ternsfor nesting. The
hydrologic andlyss of sandbar habitat availability during the least tern nesting season (15 May
- 31 August) did not consider how much of the areais emergent during the pre-laying period
when least terns are searching for suitable nest Sites or during the egg-laying period
(approximately mid to late May for first nest attempts).

Instead, the Corps anaysis of available sandbar habitat considered the amount of sandbar
which is emergent more than 50 continuous days from 15 May - 31 Augudt. Thisandyss
likely overestimates the availability of sandbar habitat for nesting as a higher percentage of
sandbar habitat is emergent in July and August during low river dages. Thisisrddively laein
the least tern nesting season and would only provide habitat for renesting or second nest
attempts. Smith and Renken (1991) hypothesized that sandbar habitat that is continuoudy
above the water for 100 days from 15 May - 31 August isimportant to least terns on the
Missssppi River. The Corps hydrologic andysis for the MMR (based on one gauging
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gtation) indicates that sandbar habitat is emergent for 100 continuous days above LWRP +15
elevation only 1 out of 10 years. Sandbar habitat is emergent for 100 continuous days above
LWRP +20 elevation 1 out of 5 years. Given this, it is probable that much of the 20,412
acres of non-vegetated sandbar is not actudly available during the time period when least
terns are searching for net stes or is only infrequently available depending on river sagesin

any given yedr.

In addition, much of the sandbar habitat thet is available for least tern nesting islikely
asociated with wingdam fidds. Sandbars associated with wingdam fields gradudly accrete
and attach to the riverbank. The process of terrestridization eventualy makes these areas
unsuitable for least tern nesting. These areas are dso more eadly accessible by predators.

Dugger (1997) found that tern food availability is directly related to measures of reproductive
success, such as clutch size, egg weight and chick growth. Foraging habitat for least terns
includes sde-channels, doughs, tributaries, shalow-water habitats adjacent to sand idands
and the main channd (Dugger 1997). Shdlow-water areas may be of more importance than
deep-water as these areas have higher fish abundance (Tibbs 1995) and very smdl fish which
can be fed to tern chicks (Dugger 1997). To successfully reproduce, productive foraging
habitat must be located within a short distance of a colony (Dugger 1997).

The MMR was higoricaly avery dynamic system with the capability to create and maintain a
diversity of habitat types. Today, the natural meandering processes of the MMR have been
dtered through channdization. Wingdams, revetments, closng structures and bendway weirs
have fixed the channel in place, disrupting the dynamic processes that create and maintain
least tern habitat. This has affected the quality and quantity of habitat in the MMR, thus
affecting the abundance and digtribution of least tern nesting and foraging habitat.

4.2.2 Factors affecting the species environment within the action area
4.2.2.1 Channd Training Structures

Channd training structures have reduced channd diversity through the loss of side channels,
backwaters, idands, and meandering (Funk and Robinson 1974, Hesse et al. 1988). This
has affected least terns by (1) reducing sandbar nesting habitat; (2) reducing foraging habitat;
and (3) reducing the nutrient cycling capability of theriver, therefore, reducing forage fish
abundance.

The MMR higtoricaly had a meandering pattern and shifted its course over the years, leaving
oxbow lakes and backwaters (Thelling 1999). The undevel oped river was shdlow and
characterized by a series of runs, pools and channel crossingsthat provided a diversity of
depth. Asaresult, least tern nesting and foraging habitat would have been abundant.
Currently the MMR channel is fixed as aresult of channd training structures and no longer
dlowed to meander across the floodplain. 1n 1824, the MMR surface area totaled 109 mi?
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(87.2% riverbed 12.8% idands), and in 1888, surface areaincreased to 163 mi? (78.5%
riverbed, 21.5% idands). Average river width increased from 3600 feet in 1824 to 5300 feet
in 1888 (Smons et al. 1974). Thisincreasein surface area and width is thought to have been
caused by a series of floods between 1844 and 1888 and by changesin land use (e.g.,
clearing of floodplain timber for seamboat fuel and lumber and conversion of floodplain to
agriculturd use). These examples are an indication of the river=s surface area and width at
particular pointsintime. However, the magnitude of the change from 1824 to 1888 is
indicative of the dynamic nature of the MMR and the great potentiad for change described by
Collot (1826) indicating that the river surface area and width has probably never been Stic.
In 1968, due to the congtruction of channd training structures (dikes/revetments), the river
surface area had decreased to 100 mi? and the river width to an average of 3200 feet. Given
the above, from 1888 to 1968, there was a 38.7% decreasein river surface areaand a
39.6% decrease in average river width (Smons et al. 1974, Fremling et al. 1986). The
effect of channd training structures in reducing channd width and surface area, and thereby,
habitat divergty, continues and isongoing. Theiling et al. (1999) found that main channel
habitat decreased by 1667 acresin six study reaches during the period 1950 to 1994. Of
this amount, approximately 412 acres were lost from 1975 to 1994. Fixing theriver channd
in place and reducing river surface area and width has affected natural river processes that
cregte aguatic and terrestrid habitats over time. Asaresult, idand sandbar and aguetic
habitat quantity and diversity has declined, affecting the availability of least tern nesting and
foraging habitat.

In addition to condtricting the channe width, dikes and revetments have adso deegpened the
low water channd of the MMR. WIlosinski (1999) found weter-surface eevations in the
MMR have decreased at the same low discharge of 60,000 cfs during the period from 1880
to present. River stages fluctuate as much as 15m annudly, effectively dewatering some
secondary channels during low stages (Fremling et al. 1989). Previoudy aguatic habitats are
now dry a low discharges (Wlosinski 1999). Asaresult, many least tern foraging habitats
are dry during portions of the reproductive season. This limits the availability of least tern
forage food. Dewatering of side channels has aso increased predator bility to least
tern nesting colonies. As discussed in the Status section, predators can significantly impact
least tern reproductive success.

Channd training structures have aso dtered the naturd hydrograph of the MMR by
contributing to higher water surface elevations at lower discharges than in the past. Wlosnski
(1999) documented atrend of increasing water surface elevationsin the MMR a the same
high discharge of 780,000 cfsfor a 130 year period of record. Present day floods on the
Missssppi River a . Louis tend to be 9 feet higher than historic floods at the same
discharge of 780,000 cfs (Wlosinski 1999). Wlosinski (1999) also noted that the number of
days water elevations are above flood stage isaso increasing. At St. Louis, water surface
elevations were above flood stage for 217 days from 1880 to 1917; 312 daysfrom 1918 to
1955; and 485 days from 1956 to 1993. The increasing occurrence of above floodstage
days has limited the avallability of least tern nesting habitat.
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Channd training structures have aso reduced the quantity and qudity of MMR sde channels.
Theloss of sde channelsis well documented. In 1797 there were 55 side channds (Collot
1826), 35in 1860 (Smons et al. 1974), 27 in 1968 (Smons et al. 1974), and only 25 today
(USACE 1999b). Many of those that remain are degraded and much smadller than in the past
(Thelling et al. 1999). Theloss of side channe habitat continues. Within six study reaches
andyzed, Theling et al. (1999) noted that approximately 918 acres of secondary channel
habitat was lost during the period 1950 to 1994. Of this amount, approximately 271 acres
was logt from 1975 to 1994. Side channels serve as important nursery areas and asrefugia
from the swift currents and harsh environments of the thalweg (Environmental Sci. and Eng.
1982, Fremling et al. 1989). These areas are an integra component of the habitat
complexity of the MMR and serve an important role in the cycling of nutrients and primary
productivity. Theloss of side channds has reduced the production of least tern forage food
organisms and the availability of foraging habitat.

Just as changesin river processes have diminated channel meandering that creates new side
channds, development of new sand bar habitat isaso inhibited. Bendway weirs were
developed to inhibit point-bar establishment in bends and channd crossings and to reduce the
need for dredging in these areas. They congst of a series of submerged dikes (>3m below
the LWRP) generdly constructed around the outer edge of ariver bend. In recent years,
bendway weirs have adso been utilized in other depostiond areasin the MMR. Each dikeis
angled 30 degrees upstream of perpendicular to divert flow, in progression, towards the inner
bank. Theresult is hydraulicaly controlled point par development and reduced channel
downcutting throughout the bend.

Information concerning sandbar habitat loss islacking for the MMR. However, data from the
Lower Missssippi River may provide some indication of trends in sandbar habitat loss.

In 1948 bare sandbar occurring above the LWRP in the LMR totaled 158,074 acres. By
1963, bare sandbar area above the LWRP had declined to 108,660 acres, reflecting a 31%
decline. From 1963 to 1988, bare sandbar above the LWRP increased to 116,685 acres.
Thisincrease in sandbar acreage can primarily be attributed to accretion of sand in wingdam
fields and degradation of the low water channel. From 1988 to 1994 bar sandbar acreage
above the LWRP declined to 105,797 acres (USACE 1999a). Overall, bare sandbar
habitat has declined 33% from 1948 to 1994. Conversdly, wooded sandbar habitat above
the LWRP increased from 21,482 acresin 1948 to 27,794 acres in 1988, a 29% increase.
Overdl, bare and wooded sandbar habitat declined by 35,077 acres (20%) from 1948 to
1988 (USACE 1999a).

4.2.2.2 Locksand Dams
Impoundment due to construction of locks and dams has adversdly affected least terns by

eliminating the species from a portion of its historic range. Leadt terns higtoricaly nested as
far north as Lee County, lowa (Hardy 1957). Dams were constructed on the UMR for the
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specific purpose of increasing low and moderate flow water surface elevationsto maintain a
continuous nine-foot navigation channe from S. Louis, Missouri, to Minnegpolis, Minnesota
(USACE 1999¢). Initid impoundment likely diminated the least terns: nesting habitat in the
UMR above St. Louis, Missouri.

Wilosinski (1999) found that water surface elevationsin the MMR decreased at the same low
discharge of 60,000 cfs during the period 1880 to present. This downward trend islikely to
continue as aresult of the proposed project. This downward shift in annua minimum stages
has been attributed primarily to the degradation of the low water channel due to channe
condriction by wingdams and levees (Smons et al. 1974). However, the MMR receives
60% of its flow from the Missssppi River basin (Fremling et al. 1989). Itislikely that
holding water to maintain a 9-Foot Channe in the pools contributes to the low water surface
elevationsinthe MMR a low discharges. Therefore, water level regulation contributes to
water leve fluctuations in aguetic habitats in the MMR. This has affected the availability of
least tern foraging habitat. In addition, loss of agquetic habitat has reduced the nutrient cycling
ability of the MMR, therefore, reducing the abundance of forage food.

One of the effects of impoundment of the UMR is areduction in suspended sediment load in
the MMR. MMR sediment load has declined 66% from pre-1935 levels mainly dueto
sediment entrapment in Missouri River impoundments (Fremling et al. 1989). However, as
the UMR presently contributes gpproximately 20% of the average sediment load to the

MMR (Tuttle and Pinner 1982), UMR dams have dso contributed to the sediment load
reductions. Thislack of sediment ddlivery upset the natura channd equilibrium and was
replaced by avariety of nonequilibrium processes such as hydraulic sorting and bed paving,
which eventudly will diminate al sediment movement (USFWS 1993). Such reductionsin
suspended sediment load has likely affected the abundance of new sandbar habitat in the
MMR.

4.2.2.3 Dredging/Disposal

Dredging occurs in depositiond areas and channel crossngs to maintain a nine-foot navigation
channd with disposa occurring in the adjacent main channel border area near shore. From
1978 to 1998, the St. Louis Didrict dredged an average of 6.0 million cubic yards (mcy) of
materid per year inthe MMR. Thisranged from alow of 0.5 mcy in 1993 to a high of 20.5
mcy in 1988 (USACE 1998). The amount of materid dredged varies from year to year
depending on river sages. In addition, there has been no consstent pattern in the locations of
dredging activities as this dso varies depending on river conditions.

The padt effects of dredging and disposal activities have not been documented. At the
present time, dredging occurs in depositiond areas of the main channel with disposal
occurring in the adjacent main channel border areas near shore. As such, dredging activities
are not likely affecting least tern nesting activities. In recent years, the . Louis Didtrict has
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been following generd dredge disposd guiddines developed to protect important aquatic
habitats, such as sde channds. In this manner, impactsto least tern foraging habitats due to
dredging and disposal activities have been minimized.

Dredging disturbs bottom sediments and associated contaminants. Main channel dredge cut
sediment is periodicaly sampled and analyzed to determine bulk chemica concentrations of
contaminants for use in assessing the water quality effects of dredging. However, no andyss
of the effects of dredging on the mass balance of contaminant mobilization and transport in the
UMR have been conducted. The concentrations of some contaminants, such as PCB:s have
been homogenized in the Mississppi River due to repesated deposition and resuspension of
contaminated sits (Rostad et al. 1995). Although dredge materia conssts mainly of sand,
some amount of silts are disturbed during the dredging process.

Dredging and disposa may have adversdly affected least terns by contributing to the
transference and homogenization of contaminants in the Missssippi River. Rostad et al.
(1995) date that suspended materid in the Mississppi River trangport the following sparingly
soluble synthetic chlorinated pesticides and indudtrid chemicas: ddrin, chlorthdonil,
chlordane, DCPA, DDT, DDE, DDD, diddrin, endrin, heptachlor, heptachlor epoxide,
hexachlorobenzene, PCB-s and triflurain. Least terns may accumul ate contaminants which
may render eggs infertile or otherwise affect reproduction and chick surviva (USFWS 1983,
Dryer and Dryer 1985), however, the extent of thisimpact is undocumented.

4.2.24 Commercia Sand and Gravel Dredging

Dredging disturbs bottom sediments and associated contaminants. Although the dredged
materia congsts mainly of sand, some amount of Slts are disturbed during the dredging
process. As discussed above, the concentrations of some contaminants, such as PCB:s, have
been homogenized in the Mississppi River due to repesated deposition and resuspension of
contaminated slts (Rostad et al. 1995). Itislikely that commercid sand and gravel dredging
has contributed to some degree to the homogenization of contaminant concentrationsin the
Missssppi River and potentially contributed to the transference of contaminants downstream.
As such, least tern reproduction may have been adversely affected, however, the extent of
thisimpact is unknown.

4.2.2.5 Flood Control Projects

Approximately, 80% of the floodplain in the MMR (gpproximately 500,000 acres) has been
isolated from the main channel due to levee congruction. Interior drainage ditches and large
pumps drain groundwater seepage (Thelling 1999) and interior floodflows. This has dlowed
the conversion of floodplain habitats to agriculture and other land uses. Isolated backwaters,
sde channds and wetlands have been degraded due to incompatible agricultura practices,
poor stormwater management and sedimentation. Destruction and isolation of these
important floodplain features have reduced riverine productivity (Thelling et al. 1999) by
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decreasing energy inputs (e.g., organic matter, carbon) into the main channel. 1solation of
wetlands reduces their habitat vaue to riverine fish that make seasonad movementsto
backwaters and floodplains (USACE 1999b). These factors affect the overdl abundance
and digtribution of fish in the river syssem. Thus, flood control projects have affected the
avallability of least tern foraging habitats and the abundance of least tern forage food.

L evees contribute to increased flood heights and increased water level variability because
floodwaters are confined in asmaler cross-sectiona area (Belt 1975, Chen and Simons
1986, Bellrose et al. 1983). Wlosnski (1999) documented atrend of increasing water-
surface elevations in the MMR at the same high discharge of 780,000 cfs. Present day floods
on the Missssppi River tend to be 9 feet higher than historic floods at this discharge
(Wlosinski 1999). WIlosinki (1999) dso found that the number of days water eevations are
above flood devations hasincreased. At St. Louis, water surface elevations were above
flood stage for 217 days from 1880 to 1917; 312 days from 1918 to 1955; and 485 days
from 1956 to 1993 (Wlosinski 1999). Asaresult, flood control projects, in conjunction with
channel training sructures, have affected the availability of least tern nesting habitat, as many
sandbar habitats are flooded at times when least terns are searching for suitable nesting aress.

4.2.2.6 Missouri River Impoundments

The MMR currently receives about 80% of its average suspended sediment load from the
Missouri River and 20% from the UMR watershed above S. Louis. The sediment load is
109.8 million tonglyear. This represents a 66% decline from pre-1935 levels, mainly dueto
retention by Missouri River reservoirs (Fremling et al. 1989). Thislack of sediment delivery
upset the naturd channe equilibrium and was replaced by a variety of nonequilibrium
processes, such as hydraulic sorting and bed paving, which eventualy will diminate all
sediment movement (USFWS 1993). Such reductions in sediment load has likely affected
the abundance of sandbar habitat in the MMR.

4.2.2.7 Avoid and Minimize Program

In October 1992, the &. Louis Digtrict issued Design Memorandum No. 24, AAvoid and
Minimize Measures) developed as aresult of commitments made in the Record of Decision
of the Environmenta Impact Statement for the Second Lock a Mevin Price Locks and Dam.
The purpose of the Avoid and Minimize Program is to implement various measures to avoid
and minimize impacts associated with operation and maintenance of the 9-Foot Channel
Project. The avoid and minimize program is beneficidly affecting leest terns by
restoring/enhancing habitat in the MMR.

In 1997, hard points were placed in the side channel between the mainland and the sandbar
at Owl Creek, river miles 84-86(R). The purpose of this project was to isolate an existing
sandbar to improve nesting habitat for least terns, by reducing predator accessibility. In
addition, the hardpoints create aflow in the Sde channd that induces scour and cregtes a
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deeper channdl; which contributes to overall aguatic habitat diversity (USACE 1997).
Improvementsin aquatic habitat diversity should result in increased forage fish abundance for
least terns.

In 1998, the upper closing structure of Marquette Chute, river mile 51.0(R), was modified by
placing a series of shalow notches in the structure. Theideawasto create a Astring of poolsf
which may someday connect to each other downstream of the closing structure. Two of the
notches were designed to enhance an existing half-acre, shalow pool located on the adjacent
sandbar. The intent was to increase the wetted edge of this area (Frazier and Hrabik 1998).
This project increased fishery accessto the side channd and improved the nutrient cycling
ability of the 9de channel. This potentidly benefitted least terns by increasing forage fish
abundance in this portion of the MMR, which isaknown least tern nesting area.

The Avoid and Minimize Program was origindly proposed for implementation from 1994 to
2000 with an estimated cost of gpproximately 14 million dollars (2 million/year). After 2000,
the program is to be completely absorbed into the norma operation and maintenance
program or become part of the Integrated River Management Program (USACE 1992).
Due to recovery efforts from the Great Flood of 1993, program congtruction did not become
active until 1995 (USACE 1995). Since that time, the program has been extended to 2002,
but funding has been reduced to 1-1.5 million dollars'year (USACE 1997). Funding for the
Avoid and Minimize Program is currently divided between the impounded reaches of the St.
Louis Didrict (Pools 24, 25 and 26) and the MMR, with work in the MMR beginning in
1997.

The projects congtructed by the Avoid and Minimize Program have served to increase
aquatic habitat diversty inthe MMR. Thisis a benefit to least terns, which are adapted to a
dynamic environment with diverse habitat components. In addition, physicad and biologica
monitoring have provided data that may be used to further refine structures for environmental
benefits. However, the Avoid and Minimize Program can only implement small-scade
improvements given funding limitations and the necessity to distribute those resources over a
large area of river (gpproximately 300 river miles).

4.2.2.8 RefugeLand Acquisition and Management

Refuge land acquisition and management is beneficidly affecting least terns by
restoring/enhancing habitat in the MMR. Benefits include improved fishery accessto off-
channd habitat during flood stages and improving the nutrient cycling ability of the MMR,
which increases the abundance of least tern forage fish.

Prior to the Flood of 1993, public land ownership in the MMR was virtualy nonexistent.
However, following the Flood of 1993, many private landowners and levee and drainage
districts expressed the desire to sdll their flood prone property. In response, Congress

gppropriated funding for the Emergency Wetland Reserve Program of the Department of
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Agriculture and for the Fish and Wildlife Service to assst with purchasing property from
landowners who had been plagued by flooding and wanted to dispose of their flood prone

property.

The Service completed an Environmental Assessment in 1995 that evauated four areas
(totaling 11,400 acres) of floodplain habitat in the MMR which contained unprotected
wetlands, cropland and aguetic areas. The four specific areas identified included:

1) Messner Idand, 1,650 acresin Monroe County, llinois & river miles 153-156;

2) Harlow Idand, 1,050 acresin Jefferson County, Missouri at river miles 141-145;

3) Wilkinson Idand, 2,700 acres in Jackson County, Illinois and Perry County, Missouri at
river miles 88-94, and,

4) Powers Idand, 6,000 acresin Scott County, Missouri at river miles 34-39 (USFWS
1995).

To date, the Service has purchased 1,224 acres on Harlow Idand, 2,532 acres on Wilkinson
Idand and less than 100 acres on Messner Idand. These areas are part of the Mark Twain
Nationa Wildlife Refuge (MTNWR) for management and adminidrative purposes. The
purchased lands contribute to MTNWR goa's and objectives by restoring habitat conditions
on lands that will dso increase floodplain functiondlity and the ecologicd integrity of theriver.
Acquisition of the properties has dlowed flood-damaged agriculturd landsto returnto a
more naturd state by minimizing the reliance on levees and restoring the naturad functions of
the Missssippi River floodplain through re-connection with the river. This re-connection
improves riverine fish access to off-channd areas during flood stages. Restoration of the
cropland and improved floodplain function will increase organic matter and carbon inputs into
the river locdly while reducing nitrate input. This nutrient cycling function will benefit agquatic
resources in this portion of theriver. Thus, least tern forage fish dbundance will increase.

4.2.3 Summary

Overdl least tern population trends from 1986 to 1995 have been positive (Kirsch and Sidle
(1999). Least tern populations dong the Missssippi River have generdly increased from 1986
to 1999 with some cydlic fluctuations (Kirsh and Sidle 1999). Totd population numbers were
relatively low (<2500) from 1986 to 1989 but remained relatively high (>3400) from 1990 to
1999 with a peak of approximately 6100 birdsin 1999 (USACE 1999a). Populationsin the
MMR aso exhibited cyclic fluctuations ranging from 90 in 1986 to 9 in 1998 and a pesk of 169
nestsin 1997. Although not stable, the Mississppi River population of least terns exceed the
recovery goa of 2200 to 2500 birds. Least terns occurring in the MMR represent a small
percentage of the Mississppi River population. In addition, the MMR represents a smal
percentage of the least terns: totd range.

As discussed previoudy, the decline in least tern abundance and ditribution has been
coincidenta with the development of river systems for navigation and flood control. Many
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fectors influence least tern habitat availability and abundance in the MMR, with the most
pervasive effect being a decrease in habitat quantity and quality as aresult of channd training
structures, locks and dams on the UMR, flood control projects and impoundment on the
Missouri River. Other factors that have possibly affected least terns include dredging and
disposd activities, commercid sand and grave dredging and fleeting operations, al of which may
contribute to the transference and homogenization of contaminant concentrationsin the
Missssppi River. Least tern abundance in the MMR gppears to vary from yeear to year, likely
asareault of river stages and the availability of suitable nesting habitat in any given yesar.

4.3 Effects of the Action
4.3.1 Direct Effects

Aquatic featuresin rivers and floodplains are trandgent (Leopold et al. 1964, Shields and Abt
1989, Salo 1990, Amoros 1990). Naturd river systems are subject to high and low flow events
and biologica processes that can cause rapid changes in successiona stage of a particular river
feature (Theiling et al. 1999). A naturd channdl is neither straight nor uniform (Brookes 1996).
Hydraulic and morphologic variahility through space and time determine the different habitats
found both within agiven river channd and dso in the adjacent riparian and floodplain zones
(Brookes 1996).

The proposed project (operation and maintenance of the 9-Foot Channd Project) will continue
to arrest some of the natural processes that provide dynamic physica changeinrivers. As
explained previoudy, the dynamic equilibrium of the MMR has been interrupted and replaced by
unstable processes and hydraulic and morphologic variability has declined as the result of past
operation and maintenance activities. This disruption will have continuing, ongoing effects. The
result will be continued homogenization of the river sysem and loss of habitat divergty. Thiswill
adversdly affect leadt terns through the loss of nesting and foraging habitat and by reducing forage
food abundance.

4.3.1.1 Operation of the 9-Foot Channel Project
4.3.1.1.1 Water Level Regulation

During previous discussions with the Corps we concluded that water level regulation
effects were not gpplicable to least terns. However, in further reviewing thisissue, we
believe thisis not the case. Dams were congtructed on the UMR for the specific purpose
of increasing low and moderate flow water surface eevations to maintain a continuous
nine-foot navigation channd. Wlosinski (1999) found that water surface elevationsin the
MMR decreased at the same low discharge of 60,000 cfs during the period 1880 to
present. Thisdownward trend islikely to continue as aresult of the proposed project.
The downward shift in annua minimum stages has been atributed primerily to the
degradation of the low water channd due to channd congtriction by wingdams and levees
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(Smonset al. 1974). However, the MMR receives 60% of its flow from the Upper
Missssippi River basin (Fremling et al. 1989). It islikely that holding water to maintain a
9-Foot Channd in the pools contributes to the low water surface elevationsin the MMR
at low discharges. Therefore, water leve regulation will continue to contribute to water
level fluctuations in aguatic habitats in the MMR. This can affect the avalability of least
tern foraging habitat. In addition, loss of aquatic habitat will reduce the nutrient cycling
ability of the MMR, therefore, reducing the abundance of forage food.

4.3.1.1.2 Impoundment

The UMR contributes gpproximately 20% of the suspended sediment load to the MMR
(Tuttle and Pinner 1982). Impoundment due to UMR damswill continue to contribute to
the reduction of sediment to the MMR. Thelling (1999) found that navigation pools may
continue to accumulate this sediment. The lack of sediment ddivery upset the naturd
channd equilibrium. This has been replaced by a variety of nonequilibrium processes,
such as, hydraulic sorting and bed paving, which will eventudly diminate dl sediment
movement (USFWS 1993). Such reductions in sediment load will continue to affect least
terns by reducing the abundance of bare sandbar habitat in the MMR.

4.3.1.2 Maintenance of the 9-Foot Channel Project

Maintenance of the 9-Foot Channdl Project conssts of channel maintenance dredging and
disposd, maintenance of existing channd training structures and construction of new channdl
training structures. These activities work in combination to sgnificantly dter the naturd
processes that provide dynamic physical change in the MMR.  Such changes will continue to
affect least terns by (1) reducing the availability of bare sandbar nesting habitat; (2) reducing
the availability of foraging habitat; and (3) reducing the abundance of forage food.

4.3.1.2.1 Dredging/Disposa

Dredging occursin depositiond areas and channd crossings to maintain a nine-foot
navigation channd with disposa occurring in the adjacent main channd border. Although
dredge materid conssts mainly of sand, some amount of slts are disturbed during the
dredging process. The amount of materia dredged inthe MMR will vary from year to
year depending on river stages, and based on past data, there does not appear to be a
consigtent pattern in the location of dredging activities (USACE 1998). As discussed
previoudy, dredging and disposd activity has likely contributed to the homogenization and
trandference of contaminantsin the Missssppi River. Thiswill continue to occur. Least
terns may accumulate contaminants which may render eggs infertile or otherwise affect
reproduction and chick survival (USFWS 1983, Dryer and Dryer 1985). However, it is
unclear the extent to which this may affect least terns.

4.3.1.2.2 Snagging and Clearing
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A well defined navigation channd has been established in the MMR as aresult of various
channd training structures and is maintained by dredging operations. Asaresult, snagging
and clearing operations no longer occur in the MMR.

4.3.1.2.3 Channd Training Structures
4.3.1.2.3.1 Wingdams

Wingdams are designed to direct flow towards the middle of the channd, thus reducing
the naturd meandering capability of theriver. Dike systems (wingdams) may cause
localized flattening of the channel dope, increased roughness, vertica accretion of bars,
increasesin main channel volume, and stage reductions at low discharges (Elliot et al.
1991). Exigting wingdams have the ongoing effect of atering naturd river processes,
thereby, reducing the qudity, quantity and diversty of habitat in the MMR (see
Environmental Basdline section). Continued disruption of natural processes will affect
least terns by (1) reducing the avallability of bare sandbar nesting habitat; (2) reducing
the availability of foraging habitat; and (3) reducing the abundance of forage food.

Wingdam sysemsin the MMR are maintained for the purpose of maintaining the nine-
foot navigation channd. As such, they continue to reduce the natural meandering
cgpability of the river. Thus, the river remains condricted and the channel bottom
degraded. River migrations that would naturaly create new habitat no longer occur. In
addition, there is evidence that wingdamsin the MMR continue to accrete sediment

and revert to woody habitat, further condricting the channel. This reduces the
availability of bare sandbar nesting habitat.

Further, wingdams are frequently congtructed near the mouths of side channelswhich
modifies river hydraulics and hastens sde channd filling. From 1950 to 1994, Thelling
et al. (1999) noted the loss of approximately 918 acres of secondary channd habitat in
the six sudy reaches andyzed. Of this amount, gpproximately 271 acres were lost
from 1975 to 1994. Congtruction of wingdams near the mouths of sde channdsisat
least partidly responsible for thisloss of habitat. Thistrend in Sde channd habitat loss
islikely to continue as existing structures are maintained and new structures are
developed. This reduces the availability of least tern foraging habitat and, as sde
channels serve an important role in nutrient cycling and primary production, this
reduces the abundance of least tern forage food. Further, as side channels continue to
accrete with sediment and disappear, predator accessability to least tern nesting
colonies will increase. Thiswill reduce least tern reproductive success in the MMR.

4.3.1.2.3.2 Bendway Weirs

Bendway weirs are designed to reduce dredging requirementsin river bends by
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controlling point bar development (Davinroy 1990). Bendway weirs affect least terns
by (1) reducing the availability of bare sandbar nesting habitat; (2) reducing foraging
habitat avalability; and (3) reducing the abundance of forage food. However,
bendway weirs reduce channel degradation which may reduce water leve fluctuations
in adjacent Sde channels. As such, bendway weirs may benefit least terns by
increasing the availability of least tern foraging habitat and increasing least tern forage
food abundance.

Bendway weirs control point bar development dong the ingde of river bends. As
such, new sandbar (aquatic and terrestria) habitat development is prohibited. Existing
sandbar habitat will continue to accrete and revert to woody vegetation to some extent.
Thus, bendway weirs, reduce the availability of bare sandbar habitat for least tern
nesting.

In generd terms, the results of various studies indicate that fish redistribute across the
channedl cross-section from the inside bank (shalow-water) to the outside bank (deep-
water) as aresult of bendway weirs. Thisis most likely in responseto increasesin
meacroinvertebrate abundance (Ecological Specidigts, Inc. 1997a) and the low velocity
fiddsthat develop behind each weir. Dugger (1997) noted that very smdl fish
captured in shallow-water habitats seem to be particularly important during least tern
chick-rearing periods, as only smal fish can befed to chicks. Further, data suggests
that shallow-water habitats (primarily sand/water interface habitats) are likely the
habitats utilized most by foraging least terns during low or normad flows (Dugger 1997).
Therefore, by reducing the abundance of shallow-water habitat and causing a
redigtribution of fish across the channel cross-section, bendway weirs will continue to
reduce the availability of least tern foraging habitat and forage food abundance.

However, bendway weirs aso result in channel aggradation which may reduce water
level fluctuations in adjacent Sde channds. This may benefit least terns by increasing
the availability of least tern foraging habitat in Sde channels and increasing the
abundance of |least tern forage food, by improving nutrient cycling and increesing
primary productivity. Therefore, the affect of bendway weirs on least tern foraging
habitat and forage food abundance may be a trade-off in terms of effects.

4.3.1.2.3.3 Bank Revetment/Off-Bank Revetment

Bankline revetments are used to diminate the tendency for the main channd to migrate
within the floodplain. Revetments dter the sinuosity of theriver channd and dter
naturd aluvia processes, such aseroson. This can affect least terns by (1) reducing
the availability of bare sandbar nesting habitat; (2) reducing the availability of foraging
habitat; and (3) reducing the abundance of forage food.

Revetments located on outside river bends led to channel downcutting and riverbed
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degradation. Thus, revetments, in conjunction with wingdams, are responsible for

MMR channd congtriction and degradation that has reduced river surface arealwidth
and has resulted in a downward shift of annual minimum stages resulting in degradetion
of aquatic habitats by dewatering (Smons et al. 1974, Fremling et al. 1989, WlosinsKi
1999). Revetments prohibit natural channd migrations that would result in
establishment of new mid-channe sandbar habitats and new side channels as old Sde
channdsfill in with sediment or are cut-off from the main channd. By prohibiting
natural channel migrations, revetments aso reduce the input of organic metter and
nutrients (woody debris) to the river and contribute to reductions in suspended
sediment loads. Thus, revetments will continue to contribute to reductionsin bare
sandbar habitat, reductionsin least tern foraging habitat, and reductionsin the
abundance of forage food.

Off-bank revetments were designed to reduce bank stabilization costs and increase
habitat diveraty in main channe environments. They differ from standard revetment in
that the riprap is placed severd meters away from the bank in areas where thereisa
gradudly doping river bed. Theresult isthe cregtion of artificid backwaters adjacent
to the main channd. Fish movement is dlowed through notches in the revetment.
Recent fish work suggests that off-bank revetment provides useful and valuable habitat
for alarge variety of riverine fishes (Atwood 1996).

Currently, there are no off-bank revetments constructed in the MMR. Therefore, these
dructures are not effecting least terns. Future congtruction of these structuresin the
MMR would increase off-channe habitat, therefore, increasing aquatic habitat diversity
which would benefit least terns by increasing the abundance of foraging habitet.
However, MMR banklines are dready extensively revetted, therefore, the need for
future revetmentsis uncertain. In addition, use of this type of revetment would
generdly be redtricted to low velocity and gently doping areas of the river (Rob
Davinroy, USACE, pers. comm.). It isuncertain how this may affect forage food
abundance, as smdl fish abundance has been found to be higher in shallow-water
habitats compared to degp-water habitats (Tibbs 1995).

4.3.1.2.3.4 Chevron Dikes

Chevron dikes were desgned to divert flow into a portion of the navigation channel
impacted by sediment accumulation on the point bar a ariver bend where the river
channd solits. The dikes divert flow into the main channd by presenting the hydraulic
gppearance of a solid object without isolating the side channel with aclosing structure.
Flow between the structures maintains a permanent side channel connection, which
provides important off-channd habitat for fishes. Dredge materid is placed within
chevron dikes, creating sandbar habitat (aquatic and terrestrid). The rock dike
substrate provides habitat for epilithic macroinvertebrates that are cgpable of colonizing
in very high densities and providing an important food source for fish. Chevron dikes
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a0 create habitat heterogeneity and appear to increase invertebrate abundance and
diversty (Ecologica Specidigts, Inc. 1997b) and provide useful and valuable habitat
for alarge variety of riverine fishes (Atwood 1997).

No chevrons have been congtructed in the MMR. Therefore, these structures are not
currently affecting least terns. Any future condruction of chevron dikesin the MMR
would likely benefit least terns by (1) increasing the abundance of bare sandbar nesting
habitat; (2) improving aquatic habitat diversty, thereby, increasing foraging habitat; and
(3) increasing the abundance of forage food.

4.3.1.2.35 Closing Structures

Closing structures for sde channels were congtructed to divert flow towards the main
channel to maintain sufficient depth for the navigation channd. Thus, these structures
have reduced flow into Sde channels causing the channd to fill with sediment.
Recently, low dissolved oxygen and high ammonia levels have been documented in Side
channdsisolated from the river (Bob Hrabik, MoDOC, LTRM Station, pers. comm.).
Side channd closing structures aso inhibit fish ingresslegressin sde channds. Closing
sructures disrupt natural geomorphic processes by isolating/destroying important Sde
channel and backwater habitat, thereby, reducing riverine productivity (Thelling et. d.
1999). Thus, dosing structures reduce the availability of least tern foraging habitat and
reduce the abundance of forage food.

4.3.2 Indirect Effects
4.3.2.1 Navigation Related Indirect Effects

43211 Tow Traffic
Thereis currently no indication that commercia navigation traffic disturbs least tern nesting
or foraging. Tow traffic contributes to the resugpension of bottom sedimentsin theman
channd depending upon water depths. As such, tow traffic may contribute to the
transference and homogenization of contaminantsin the UMR. Assuch, least tern
reproduction may be adversely affected, however, the extent of thisimpact is unknown.
4.3.2.1.2 Fleeting
Sandbars are depositiona areas and are not conducive to the establishment of fleeting
areas. Currently, there are no fleeting areas located near known least tern nesting aress.
The establishment of new fleeting areas will require a permit from the Corps and will
require individua section 7 consultation to determine if any adverse affects are likely.

4.3.2.1.3 Port Facilities
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Development of port facilities requires various levels of habitat modification (USACE
1999¢). It isunknown to what degree future development of port facilities may contribute
to loss of habitat for least terns.

4.3.2.1.4 Exotic Species
There are no exotic species currently known to be affecting leest terns.
4.3.2.1.5 Contaminants

Rostad et al. (1995) state that suspended materid in the Mississippi River transports the
following sparingly soluble synthetic chlorinated pesticides and industrid chemicds ddrin,
chlorthadonil, chlordane, DCPA, DDT, DDE, DDD, dieldrin, endrin, heptachlor,
heptachlor epoxide, hexachlorobenzene, lindane, methoxychlor, mirex, pentachloroanisole,
pentachlorobenzene, PCB:s and triflurdin. The concentrations of some contaminants,
such as PCB:s, have been homogenized in the Missssippi River due to the repesated
deposition and resuspension of contaminated slts (Rostad et al. 1995).

An analysis of reported oil spillsin aportion of the MMR indicates that these types of
spills are quite common (from 11/26/98 to 7/26/99 there were 21 spills reported for the
area between UMR miles 170.0 to 196.0) (Stan Smith, USFWS, pers. comm.). Mogt of
the spillswere smd| quantities of oil and/or diesdl. The potentid for such future spillsto
have direct or chronic effects on least ternsis unknown. However, such spills contribute
to the accumulation of contaminantsin the MMR.

4.3.2.2 Recreation Related Indirect Effects

Unlike the pooled portion of the UMR where the Corps maintains lake-like conditions and
recregtiond facilities that are conducive to boating, no recreetion facilities are maintained or
planned for the MMR. Recredtion activity in the MMR is not affected by maintenance of the
9-Foot Channd Project. Therefore, recreation related indirect effects to least terns are not
anticipated.

4.3.3 Interrelated Effects
4.3.3.1 Management of Corps Lands
In 1996, least terns were observed at Riverlands Environmental Demondtration Area
(approximate river mile 202.5) for severa weeks during the nesting season.  Since that time,
the Corps has proposed a project under the Avoid and Minimize Program to raise the

elevation of sandbar habitat in Ellis Bay to encourage least tern nesting inthisarea. The
project was not funded, however, future construction of such projects may encourage least

-75-



ternsto return to a portion of their historica range.
4.3.3.2 Open River Habitat Enhancement Project

The St. Louis Didtrict isin the process of developing the Open River Habitat Enhancement
Project to enhance and/or create Side channel habitat in the MMR. In addition, the project
proposes other activities, such as sandbar crestion, riparian corridor restoration and restoring
woody debris. Sandbar habitat creation will benefit least terns by increasing the abundance
of nesting habitat. Aquetic habitat restoration/enhancement will dso benefit least terns by
increasing the abundance of foraging habitat and forage food.

While the Corps proposes to utilize some operation and maintenance and congtruction
generd funds to implement this program, much of this work is proposed under various cost-
sharing mechanisms (e.g., Environmental Management Program, Section 1135 and Section
206). Asaresult, the Corps cannot guarantee how much of this program will be
implemented, therefore, the amount of habitat that will be restored or enhanced is unknown a
thistime.

4.3.4 Interdependent Effects
4.3.4.1 Missouri River Bank Stabilization and Navigation Project

The Missouri River Bank Stabilization and Navigation Project (Missouri River Project) has
restricted the Missouri River to a serpentine, self-cleaning navigation channel characterized by
high water velocities. This has been accomplished through the use of wingdams and
revetments which confine the river. Before the Missouri River was channdlized and
impounded, it annualy eroded 3.1 hectares’km of its floodplain (USACE 1981). Mogt of
this eroson has stopped due to channdlization and impoundment. Erosion was a natural
function of theriver systlem, and through erosion, inorganic sediments, organic matter, and
large woody debris were introduced into the river. This materia import was essentia to the
habitat dynamics and nutrient cycling of the river sysem. Such sediment and nutrient
discharge are the raw materids for habitat development in the Missouri and Mississppi River
sysems. By reducing erosion in the Missouri River, and thereby, reducing suspended
sediment load, the Missouri River Project continues to reduce the abundance of sandbar
habitat in the MMR, thus reducing nesting habitat for least terns.

4.3.4.2 USCG Buoy Tending
USCG buoy tending activities are not known to affect least terns.
435 Cumulative Effects

Cumulative effectsinclude the effects of future State, tribd, locd or private actions thet are
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reasonably certain to occur in the action area conddered in this biologica opinion. Future
Federal actionsthat are unrelated to the proposed action are not considered in this section
because they require separate consultation under section 7 of the Act.

The Service is unaware of any future State, tribal, loca or private actions that are reasonably
certain to occur in the action area that may affect least terns.

4.3.6 Summary of Effects

Operation and maintenance of the 9-Foot Channel Project will continue to arrest some of the
natural processes that provide dynamic physica changein the UMR, including the MMR. The
dynamic equilibrium of the MMR has been interrupted and replaced by unstable processes that
have continuing, ongoing effects. The result will be continued homogenization of the river system,
degradation of aguatic habitat and loss of terrestria habitat diversity through succession.

The loss of dynamic physica change has and will continue to affect the availability of leest tern
nesting habitat. Thisisareault of the loss of channd meandering and reduced suspended
sediment |oads that would create new sandbars and the conversion of existing sandbar habitat to
woody vegetation. Theloss and degradation of agquatic habitat reduces the availability of least
tern foraging habitat. A number of operation and maintenance activities work in combination to
reduce nutrient cycling and primary productivity in the MMR. This affects the abundance of least
tern forage food. Operation and maintenance activities aso contribute to the transference and
homogenization of contaminants in the UMR, which may impair least tern reproduction. An
indirect effect of operation and maintenance isincreasing the accessibility of predatorsto least
tern nesting colonies.

Channdlization, irrigation and impoundment have contributed to the dimination of much of the
least terrrs sandbar nesting habitat (Funk and Robinson 1974, Hallberg et al. 1979.
Sandheinrich and Atchinson 1986). However, the popul ation remains widespread, occupying
available, though not necessarily optimal, habitat. Continued operation and maintenance of the
9-Foot Channd Project over the next 50 years will result in continued habitat loss and
degradation and continued disruption and dteration of naturd river processes that create habitat
over time. Asaresult, least tern nesting and foraging habitat will continue to declinein the
MMR. Theresult will be declinesin least tern population numbersin the MMR.

4.4 Concluson

After reviewing the current status of the interior least tern, the environmental basdine for the action
areq, the effects of continued operation and maintenance of the 9-Foot Channel Project and the
cumulative effects, it isthe Servicess biologica opinion that the continued operation and maintenance
of the 9-Foot Channel Project, as proposed, is not likely to jeopardize the continued existence of
the interior least tern. No critica habitat has been designated for this species, therefore, none will

be affected.
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The proposed action will continue to cause adeclinein habitat availability and least tern numbersin
the MMR will likely decline as aresult. However, the MMR represents a smal percentage of the
least terrrstota range. Thus, even if the MMR population was decimated by the proposed action,
such an event would not gppreciably reduce the likelihood of surviva and recovery of the leest tern
rangewide.

45 Incidental Take Statement

Section 9 of the Act and Federa regulations pursuant to section 4(d) of the Act prohibit the take of
endangered and threatened species, respectively, without specia exemption. Takeis defined asto
harass, harm, pursue, hunt, shoot, wound, Kill, trap, capture or collect, or attempt to engage in any
such conduct. Harmis further defined by the Service to include significant habitat modification or
degradation that resultsin deeth or injury to listed species by sgnificantly impairing essentid
behaviora patterns, including breeding, feeding or shdtering. Harass is defined by the Service as
intentiona or negligent actions that create the likelihood of injury to listed species to such an extent
asto sgnificantly disrupt normd behaviord patterns which include, but are not limited to, breeding,
feeding, or sheltering. Incidenta take is defined as take that isincidenta to, and not the purpose of,
carrying out an otherwise lawful activity. Under the terms of section 7(b)(4) and section 7(0)(2),
taking that isincidenta to and not intended as part of the agency action is not considered prohibited
taking under the Act provided that such taking in compliance with the terms and conditions of this
incidentd take Statemen.

The measures described below are non-discretionary, and must be undertaken by the Corps so that
they become binding conditions of any contract, grant, or permit issued, as appropriate, for the
exemption in section 7(0)(2) to apply. The Corps has a continuing duty to regulate the activity
covered by thisincidentd take statement. If the Corps (1) fails to assume and implement the terms
or conditions or (2) failsto require contractors to adhere to the terms and conditions of the
incidental take statement through enforceable terms that are added to the contract, permit or grant
document, the protective coverage of section 7(0)(2) may lapse. In order to monitor the impact of
incidentd take, the Corps must report the progress of the action and itsimpact on the interior least
tern to the Service as specified in thisincidenta take statement. [50 CFR *402.14(1)(3)]

While the overdl effect of new congtruction projects (e.g., bendway weirs, wingdams) are
consdered programmaticaly in thisincidentd take statement, it is not possible to determine the Site-
specific effects of these actions at thistime. Therefore, al new congtruction projects will require a
Tier 1l leve of review to determineif forma section 7 consultation is necessary. A biologica
assessment that incorporates measures to further minimize incidenta take and that contains pre-
project physicd and biological data, an andyss of predicted post-project effects and monitoring of
post-project physica and biologicd effects will be developed and provided to the Service for
review.

45.1 Amount or Extent of Take
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The Service anticipates that 0.2 acres/milelyear of sandbar nesting habitat and 0.8
acres/milelyear of sde channel foraging habitat could be taken as aresult of continued operation
and maintenance of the 9-Foot Channel Project. Thisincidenta take is expected to bein the
form of harm which is defined to include significant habitat modification or degradation that
results in degth or injury to listed species by sgnificantly impairing essentid behaviora paiterns
including breeding, feeding or shdtering.

Thereis currently no data available for trends in sandbar habitat loss for the MMR. The best
available information concerning sandbar trends in the Mississippi River has been developed for
the LMR (USACE 1999q). Bare sandbar habitat acreage occurring above the LWRP
(potentidly available for least tern nesting) has varied from the 1960's to the 1990's as a result of
many factors. These include sediment accumulation between wingdams, accretion of sandbars
and conversion to woody habitat and degradation of the low water channdl. A comparison of
bare sandbar habitat occurring above the LWRP in 1963 (108,660 acres) and in 1994
(205,797 acres) was used to determine the likely trends in available sandbar habitat over the 50
year project life. Based on this data, bare sandbar habitat in the LMR, between river miles 315
and 954, has declined by 2,863 acres from 1963 to 1994. This equatesto 0.14 acresmilelyear
of bare sandbar habitat loss. Therefore, the 0.2 acres/milelyear is a conservative estimate of
anticipated incidental take of least tern nesting habitat in the MMR. Recent sudies by Theiling et
al. (1999) indicate that Sde channd habitat isbeing lost at arate of 0.8 acresmilelyear (1975
1994). The anticipated incidenta take of least tern foraging habitat is based upon thistrend in
aguatic habitat lossin the MMR.

45.2 Effect of the Take

In the accompanying biologica opinion, the Service determined that this level of anticipated take
isnot likely to result in jeopardy to the species or destruction or adverse modification of critical
habitat.

4.5.3 Reasonable and Prudent Measures

The Service bdieves the following reasonable and prudent measures are necessary and
gppropriate to minimize take of least terns:

1. Channd training structure maintenance projects will incorporate modifications to maintain flow
between sandbars and the adjacent shoreline and to reduce conversion of bare sandbar
habitat to woody vegetation.

2. BEvauae dredge materid digposa techniquesin the MMR to examine opportunities and

devel op recommendations for restoring/enhancing sandbar habitat and aquatic habitat.
Implement the recommendations where feasible and gppropriate.
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3. Utilize exigting authorities to reduce the accretion of existing and/or newly established
sandbars to the bankline and to reduce woody vegetation colonization.

454 Termsand Conditions

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 reasonable and prudent measures
described above and outline required reporting/monitoring requirements.  These terms and
conditions are non-discretionary.

1. At the beginning of each fiscd year, the Corpswill provide the Service aligt of new
congtruction projects for which Tier 11 evauations are anticipated.

2. Channd training structure maintenance projects will be submitted to the Service for a 30 day
review period. Service recommendations for least tern nesting/foraging habitat improvement
will be incorporated into project plans where feasible and gppropriate.

3. Monitoring will be conducted to measure sandbar habitat trendsin the MMR. Thismay be
accomplished utilizing habitat mapping and spatia and hydrologic analyses smilar to those
utilized for the LMR. The monitoring plan must be approved by the Service.

4. Dredging and disposd activitieswill continue to be coordinated with the Service, Illinois
Department of Natural Resources and Missouri Department of Conservation.

5. An annud dredge materid management report will be provided to the Service a the end of
each dredging season. The report will include information concerning dredging/disposa
locations, quantities of materid, the results of sediment Sze andys's and methods of disposdl.

6. Anannua report will be provided to the Service which detalls actions taken regarding
implementation of the reasonable and prudent measures.

455 Closng Paragraph

The Service believes that no more than 10.0 acres/mile (0.2 acresmilelyear X 50 years) of bare
sandbar habitat and no more than 40 acresmile (0.8 acresmilelyear X 50 years) of side channel
habitat will be incidentally taken as a result of continued operation and maintenance of the 9-
Foot Channdl Project. The reasonable and prudent measures, with their implementing terms and
conditions, are designed to minimize the impact of incidenta take that might otherwise result from
the ongoing effects of continued operation and maintenance activities. If, during the course of
continued operation and maintenance of the 9-Foot Channel Project, thislevel of incidenta take
IS exceeded, such incidenta take represents new information requiring reinitiation of consultation
and review of the reasonable and prudent measures provided. The Federa agency must
immediately provide an explanation of the causes of the taking and review with the Service the
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need for possible modification of the reasonable and prudent measures.
4.6 Conservation Recommendations

Section 7(a)(1) of the Act directs Federd agenciesto utilize their authorities to further the purposes
of the Act by carrying out programs for the benefit of endangered and threatened species.
Consarvation recommendations are discretionary agency activitiesto minimize or avoid adverse
effects of aproposed action on listed species or critica habitat, to help implement recovery plans,
or to develop information.

1. Utilize existing authorities and programs to restore/enhance sandbar habitat &t al eevations.

2. Develop and implement an education program that publicizes information about the interior
least tern, including its life history, reasons for current status and options for recovery.

3. Conduct a Geographica Information System analyss to determine locations in the MMR
where lack of sufficient bare sandbar habitat and/or foraging habitat may be limiting or
redricting least tern nesting.

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or
benefitting listed species or their habitats, the Service requests notification of the implementation of
any conservation recommendations.
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5.0 Higgins Eye Pearlymussdl
5.1 Status of the Species

The Higgins eye pearlymussd (Lampsilis higgins) was listed as an endangered species by the
Service on June 14, 1976 (Federa Register, 41 FR 24064). The mgor reasons for the listing of
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Higgins eye was the decrease in both the abundance and range of the species. Asdated in the
origina recovery plan [U.S. Fish and Wildlife Service (USFWS) 1983], Higgins eye was never
abundant and Coker (1919) indicated it was becoming increasingly rare around the turn of the
century. Thefact that there were few records of live specimens from the early 1900s until the
enactment of the Endangered Species Act in 1973 was amgor factor initslisting in 1976
(Hornbach 1999). A variety of factors have been listed as affecting Higgins: eye over time induding
commercid harvest, impoundment from the project, channel maintenance dredging and disposd
activities, changesin water qudity from municipd, industrial and agricultura sources, unavailability of
appropriate glochidial hosts, exotic species and disease (USFWS 1983).

The historical didtribution of Higgins eye is not known with certainty. Although nowhere abundant,
it is believed to have been widdly digtributed, inhabiting the UMR from just north of . Louis,
Missouri, to Minnegpolis-St. Paul, Minnesota (Coker 1919). It was dso found aong the mainstem
of the UMR and severd of its tributaries including the Ohio, Illinois, Sangamon, lowa, Cedar,
Wapsipinicon, Rock, Wisconsin, Black, Minnesota, and St. Croix Rivers (USFWS 1983). The
range of Higgins eye has been reduced gpproximately 50 percent from its hitoric didtribution to a
302-mile (485.9 km) reach of the UMR (Havlik 1980, Havlik 1987) and is now found only in the
UMR upstream of Lock and Dam 19 at Keokuk, lowa, in the St. Croix River between Wisconsin
and Minnesota, the Wisconan River, Wisconan, and in the lower Rock River in lllinois (USFWS
1983). The southern-most population is believed to be pool 19 at River Mile 407 (Cawley 1984).

Higgins eye occurs most frequently in medium to large rivers with current velocities of 0.49 to 1.51
ft/sec and in depths of 3.3t0 19.7 ft. It gppearsto prefer water with dissolved oxygen greater than
5 ppm and cacium carbonate levels greater than 50 ppm. The speciesis sgnificantly correlated
with afirm, coarse sand substrate (Hornbach et al. 19954). Higgins eye are usudly found in large,
stable mussel beds with relative high species and age diversity. Hornbach et al. (1995a) conclude
Higgins eye seemsto be associated with areas of higher mussd species richness and generdly
higher mussd population dengities.

Mayer 1992). Mades discharge sperm to the surrounding water; females obtain the sperm as they
gphon water for food and respiration. Eggs are fertilized in gill sacs (marsupia) in the female;
fertilized eggs are retained in the marsupia until they mature into glochidiaand arerdleased. The
mantle edge near Higgins eye's posterior end resembles a smal svimming fish that attracts predator
fish. Gill tissue containing glochidia protrudes between the mantle flgps. When the gill tissueis
attacked by afish, glochidia are released, thus enhancing the probakility thet glochidiawill come into
contact with ahost fish. Released glochidia attach themselves to the gills of host fish. Successfully
attached glochidia mature and excyst from hogts gills as juvenile mussds; they settle to the substrate
and become sedentary in the subgirate, if it is suitable. The speciesis bradytictic (i.e., along-term
breeder) retaining developing glochidia throughout the year, except for the period following
glochidiarelease. Baker (1928) and Holland-Bartels and Waller (1988) indicate glochidia are
caried in the gill marsupia through winter and released the following spring or summer.

Holland-Bartels and Waller (1988) tested 15 species of UMR fish and reported walleye
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(Stizostedion vitreum) and largemouth bass (Micropter us salmoides) as the most successful
glochidia hogt fish for Higgins eye, as determined by glochidia persistence and maturation to
juvenile tageinthefish. Ther sudy did not investigate sauger (Stizostedion canadense) nor
smdlmouth bass (Micropterus dolomieui). Waller (1995) considers these species also likely host
fishinthe UMR, particularly the sauger, whose range overlaps with Higgins eye's more than
smalmouth bass.

The Higgins Eye Pearlymussel Recovery Team designated seven "Essential Habitat Areas’ for
Higgins eye (USFWS 1983). The Essentid Habitat Aress are believed to contain vigble
reproducing Higgins eye populations. The Team believed recovery of the species could not be
accomplished without maintaining the Essential Habitat Area populations. The seven Essentid
Habitat Areas are (1) the St. Croix River at Hudson, Wisconsin (River Mile 16.2 - 17.6); (2) the
UMR a Whiskey Rock, at Ferryville, Wiscongn, Pool 9 (River Mile 655.8 - 658.4); (3) the UMR
at Harpers Slough, Pool 10 (River Mile 639.0 - 641.4); (4) the UMR Main and East Channel at
Prairie du Chien, Wisconsin, and Marquette, lowa, Pool 10 (River Mile 633.4 - 637); (5) the
UMR a McMillan Idand, Pool 10 (River Mile 616.4 - 619.1); (6) the UMR at Cordova, Illinais,
Pool 14 (River Mile 503.0 - 505.5); and (7) the UMR at Sylvan Slough, Quad Cities, Illinais, Pool
15 (River Mile 485.5 - 486.0). Three additional Essentid Habitat Areas have been proposed by
the Higgins Eye Pearlymussal Recovery Team; the . Croix River at Prescott, Wisconsin, and near
Taylors Fals, Minnesota (Interstate Park), and the Wisconsin River near Muscoda, Wisconsin
(Orion mussdl assemblage) (Hornbach1999).

A recent threet to Higgins eye comes from zebra mussdls (Dreissena polymor pha), freshwater
mussels native to the Black and Caspian Seas. Zebra mussels were introduced into Lake Eriein the
late 1980s from ship ballast water discharge (Benson and Boydstun 1995). The speciesis now
reproducing and invading North Americas lakes and rivers, including the UMR.

5.2 Environmentd Basdine

The environmenta basdineis an analysis of effects of past and ongoing natural and human factors,
excluding the proposed project, pertinent to the current status of the species and its habitat. The
UMR and tributaries are the only remaining habitet for Higgins: eye; it isfound only in the UMR
upstream of Lock and Dam 19 at Keokuk, lowa, in the St. Croix River between Wisconsin and
Minnesota, the Wisconsin River, Wisconsin, and in the lower Rock River in lllinois (USFWS
1983). The southern-most population is believed to be pool 19 at River Mile 407 (Cawley 1984).
Nearly dl of the remaining hebitat for Higgins eye is within the 9-Foot Channel Project.

In the mainstem of the UMR, gpproximately 50 species of freshwater mussals have been recorded
over time, athough only 30 species are found at present [U.S. Geologica Survey (USGS) 1999).
Natura processes and features that made the UMR valuable mussel habitat in generd include
moderate to high flow currents, stable substrates, the presence of aguatic vegetation and relaively
high water qudity. Water qudity has generdly improved in recent times in many navigetion pools
duein part to improved waste water and scormwater trestment, and improved agriculturd land
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treatment and erosion control measures.

The environmental basdline for this Biological Opinion includes the time period from congtruction of
the 9-Foot Channel Project to the present. It includesimpacts to Higgins: eye from construction of
the origina project and approximately 60 years of operation and maintenance activities which,
except for maintenance dredging and disposa activities, have not subgtantialy changed during this
period. Aswill be discussed in Section 5.2.2.3, Modern Dredging and Disposa Activities,
maintenance dredging and disposa practices have substantidly changed since the mid 1970'sto
avoid and minimize environmentad impacts. The environmentd basdine aso indudes effects of the
exotic zebramussd on Higgins: eye which has become established in the project area since
gpproximately 1991 (Refer to Section 5.2.5, Exotic Species). The following parameters are
addressed in the environmenta basdline.

5.2.1 Water Level Regulation and Impoundment

The impoundment of the UMR increased the area of benthic habitat for freshwater mussdls, and
changed the character of the origind floodplain. However, it is unclear how impoundment of the
UMR affected Higgins eye. Archeologica (Theler 1987) and historica (Ellis 1936, Coker
1919) pre-dam mussdl studies in Pool 10 suggest the relative abundance of Higgins: eye may
have been higher after congtruction of the navigation project (Thid 1981, Duncan and Thidl
1983, Wilcox et al. 1993). Thismay in part be attributable to increased abundance/avail ability
of hogt fish and stable water conditions associated with the navigation project. Baker and
Hornbach (1997) associated Higgins eye with areas of low velocity (<0.3 m/s), but not areas
with no flow. Post-lock and dam (post-impoundment) conditions probably contained more area
of low velocity habitat that Higgins eye preferred. However, there are d so observations which
indicate fewer species of mussals were found after the project was constructed compared to
pre-project conditions; aso, it is difficult to determine adirect link between the distribution and
abundance of Higgins: eye due to habitat dteration since it apparently has dways been a
relatively minor component of the mussd community (Hornbach 1999).

Impoundment accel erated sedimentation rates throughout the UMR, especidly in overbank and
backwater areas. Since subgtrate type and stability isimportant to most freshwater mussel
species, high sedimentation rates or changes in substrate compostion likely impacted musselsin
these aress.

Severd fish species have been identified as suitable hosts for Higgins eye glochidia, including
walleye and largemouth bass (Waller and Holland-Bartels 1988). Although fish movement was
restricted by the locks and dams, the abundance of these hogt fish increased upon completion of
the project (Fremling and Claflin 1984).

Wilcox et al. (1998) examined various factors to determine the likelihood a particular fish

species could pass through the locks and dams of the UMR, such as hydraulic conditions, dam
design, migration behavior, and seasond timing. They found two UMR dams which completdy
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restricted upstream fish movement: Lock and Dam 1 in &. Paul, Minnesota, and Lock and Dam
19in Keokuk, lowa. The exchange of gene flow within amusse species may be inhibited by
restricted inter- and intra-pool movements of fish serving asthe glochidid host (Romano et al.
1991); however, there are no supporting datafor Higgins eye.  Also, redtriction of fish
movement may limit or prevent the dispersal of parasitic mussd glochidia; likewise there are no
supporting data for Higgins: eye. However, Coker (1930) discussed the historical movement of
skipjack herring (Alosa chrysochloris), blue sucker (Cycleptus elongatus), and blue catfish
(Ictalurus furcatus) where these species moved upstream in the spring, followed by
downstream migrations to overwinter in warmer waters. The extirpation of the ebony shell
(Fusconaia ebena) and the eephant ear (Elliptio crassidens) in the upstiream portion of the
UMR was atributed to the inability of the mussds: host fish, skipjack herring, to navigate past
lock and dam 19 (Fuller 1980).

As dated previoudy, there are no data which quantify the abundance of Higgins eye on the
UMR pre- and post project. It is therefore questionable whether impoundment had positive or
negative effects on Higgins: eye; there smply are no conclusve data.  However, we do know
that impoundment of the UMR created more lentic (Iake-like) habitat, favoring conditions for
certain aquatic species. Lentic habitat so proved favorable to the proliferation of the exotic
zebramussal (Refer to Section 5.2.5, Exotic Species).

5.2.2 Channd Maintenance
5.2.2.1 Dredging

Following impoundment by the locks and dams, periodic dredging was necessary to maintain
the 9-Foot Channd Project. Maintenance dredging primarily affected the main channd of the
river. However, dredging may have dso affected sde channels, doughs and backwater |akes
and ponds through increased suspended sediment levels during dredging events.

Channd maintenance dredging was normaly conducted in areas of shifting/shoaling bedload;
any mussels within the dredge cut were killed by ether the dredging operation or from
placement of dredged materias at the disposd Ste. Mussd shells are often found at historic
disposdl dtes. Bottom subgirates in dredge cuts were often unstable or shifting for sometime
following dredging and thus provided poor habitat for recolonization by mussds (Burky
1983); consequently, frequent dredging of these cuts for maintenance of the project likely had
little effect on freshwater musss.

However, if maintenance dredging did not occur frequently (every 5 to 10 years),
recolonization of dredge cuts by native freshwater mussels was possible. Miller and Payne
(1992) collected Higgins eye from alocation in the East Channd of the UMR a Prairie du
Chien, Wisconsin, which had been dredged 8 years earlier, indicating some recol onization of
dredge cut areas does occur. Eckblad (1999) reported nearly haf of 38 historic dredge cuts
studied contained 14 mussel species within 5 years. Fuller (1980) reported alive Higgins
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eyein the mussd community located at Hudson, Wisconsin, in the . Croix River adjacent to
afrequently dredged channel. Mussdls which recolonized historic dredge cuts were likely
killed through the dredging/disposa process.

Suspended solids and sedimentation from dredging operations may cause clogging and
abrasion of gills and other respiratory surfaces in mussels, however there are no data
documenting this for Higgins: eye. Miller and Payne (1998) found that mussals tolerated
discrete disturbances (i.e., commercia vessel passage, dredging, and extreme high weter),
but no determination of the long-term effects to mussels could be made from a data set
panning gpproximately 10 years.  Since contaminants have an affinity for smdler-sized
particles, not the coarse-grained materia of most dredge cuts, maintenance dredging activities
in the main channd likely had only minor impacts on contaminant movement in these aress.

5.2.2.2 Disposal of Dredged Material

As previoudy stated, there are no data quantifying the impacts of the 9-Foot Channel Project
on freshwater musselsin generd and Higgins: eye in particular. However, some inference to
possible impacts from channel maintenance activities can be made. Historic dredged materia
placement sites were either upland or aguatic habitats located adjacent to the main navigation
channel. Dredging was conducted using hydraulic or mechanica equipment. In early years, it
was routine practice by the Corps of Engineersto dispose of dredged materia as closeto the
dredge as possible, often filling aquatic habitats (in-water digposal) adjacent to the main
channel. Permanent in-water disposa aso included thalweg disposd, placing dredged
materia in the degper water area of the main channd where it could be assmilated into the
river=s natural sediment transport system. Mussals located within in-water disposa sites were
presumed killed by burid due to the large quantities of materid involved.

Current placement of dredged materia focuses on using historic disposal Sites, temporary
trandfer Sites, and upland Sites. Use of upland disposd sites likely had only minor effects on
freshwater mussdls, induding Higgins: eye from activities such as equipment access to the Site,
and subsequent wind and water eroson of dredged materiasinto the river. Hydraulic
placement of dredged materia on upland sites normaly required a settling basin from which
effluent was discharged to the river. The quadity of this effluent depended on the compostion
of the sediment dredged, including contaminants.

5.2.2.3 Modern Dredging and Disposa Activities

Since the mid 1970's, there have been many improvements in channel maintenance dredging
and disposd activitiesin the &. Paul, Rock I1dand and . Louis Corps Didtricts. The
mgority of these improvements came as aresult of the interagency Greet River Environmenta
Action Team (GREAT) studies. Channd maintenance activities are now routiney
coordinated with the Service and State natural resource agencies with the objective of
avoiding/minimizing riverine habitat impacts which often occurred in the past. An example of
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this interagency planning and coordination effort is the recent completion of the Channdl
Maintenance Management Plan (CMMP) in the &. Paul Digtrict which addresses dredging
and disposd activities (Corps 1996). Today, channd maintenance activities associated with
the 9-Foot Channd Project are routinely coordinated with such interagency groups asthe
On-Site Ingpection Teams, River Resources Forum and River Resources Coordinating Team
to avoid/minimize project impacts to fish and wildlife resources of the UMR, including
freshwater mussels.

Of the 10 existing/proposed Essential Habitat Areas, only the Harper=s Sough and Prairie du
Chien Essentid Habitat Areas are located within the 9-foot navigation channd. Higtoricdly,
channel maintenance dredging has not occurred and is not proposed at the Harper=s Sough
area.

The Prairie du Chien Essentid Habitat Areaincludes both the main navigation channd and the
East Channd. Higoricaly, channel maintenance dredging has not occurred and is not
proposed in the main navigation channd. However, the S. Paul Didtrict is respongble for
commercid navigation in the East Channel which is gpproximately 18,480 feet long and
passes by the City of Prairie du Chien, Wisconsin. The Corps of Engineers proposed a 449-
foot dredge cut (2,500 cubic yards, Dredge Cut 1) at the north end of the channdl, and a
351-foot dredge cut (1,900 cubic yards, Dredge Cut 2) at the City Dock to maintain
commercid navigation; frequency of dredging for Cuts 1 and 2 were once in forty years and
twice in forty years, respectively. A Biologica Opinion was prepared for this activity on June
28, 1993, concluding jeopardy for Higgins: eye (FWS 1993). The project has since been
deferred by the St. Paul Digtrict (Corps 1996).

5.2.2.4 Channd Control Structures

Thousands of channd control structures (wing dams, closing dams, shoreline protection) were
constructed on the UMR as part of the 4.5 and 6-Foot Channel Projects (USGS 1999); new
or rehabilitated structures have also been constructed as part of the 9-Foot Channel Project.
Channdl control structures were constructed by the Corps of Engineersto maintain the
channel dignment or condtrict flows to improve the sediment transport efficiency through a
reach of the river (Corps 1996). As such, channel control structures reduce maintenance
dredging by concentrating flows in the main channel to scour (deepen) it for navigation.
Congtruction of channel control structures likely covered benthic habitat and buried mussels.

Wing dams were constructed/rehabilitated in main channel and channel border habitats, areas
which may have contained Higgins eye. Wing damsincreased current velocities and thereby
increased scouring of main channd areas near the wing dams, producing the desired
increased channd depths and/or widths for commercia navigation.

Closing dams were congtructed to reduce flows into sde-channd areas and force flows to the
main channel. In addition to burid impacts from the footprint of these projects, impacts such
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as reduced volume of flow, reduced current velocities, reduced sediment input, and increased
water residence time in backwaters probably occurred in the closed side channels and
affected mussels. The increased flows in the main channd resulting from side channe closure
affects main channel and channel border habitats aswell. Resulting impacts to mussels
depended on the amount of change in the rates of sedimentation and erosion.

Sedimentation patterns changed in these areas, with sediment trangported through wing dam
fields to downstream areas of lower velocity likely burying freshwater mussdls located in these
areas. However, snce areas of velocity change attract fish pecies, high mussel dengities
were subsequently found on or in the vicinity of wing dams near suitable substrate; Higginss
eye mussels have been collected between and on wingdamsin Pools 7 and 10 of the UMR.
Placement of riprap for bank stabilization aso attracted host fish and some of these areas
were ds0 likely to have rich mussel assemblages.

In summary, while congtruction of channd control structures and subsequent changes to
sedimentation and erosion rates likely adversely affected some freshwater mussels, wing
dams, closing dams and other rock structures aso provided habitat for fish (some of which
were hogs for glochidia) and freshwater mussds, including Higgins eye.

5.2.3 Commercid Navigation

Commercid navigation resulting from the 9-Foot Channd Project affected mussels by increasing
suspended solids through propeller wash over amussdl bed, by striking or didodging mussals
from the sediment by propeller wash, or by burying or crushing mussds during barge groundings
or flegting in shallow water conditions. In asudy in lower pool 10, Miller and Payne (1997,
1998) found no significant difference in shell morphometrics of common to abundant speciesin
areas where barge passage occurred and in two nearby reference sites where barges did not
pass. However, at this same location mussd densities ranged from 6.36-13.85 mussd§/ft? in the
reference area, while mussdsin the turning basin ranged from 2.04-4.52 mussals/ft? (Miller and
Payne 1992). Miller and Payne (1996) and Miller and Payne (1998) reported velocity change
from barge passage did not damage benthic organisms or their habitat in reasonably straight
reaches having more than 2 feet of water below the vessdls.,

Substantial erosion can result from propeller wash as tows negotiate tight turnsin the channd,
enter and exit lock chambers, and while awaiting lockage dong shorelines. These areas may
have been subjected to severe propeller wash creating an environment too hostile for mussel
colonization. Barges sometimes ground for a number of reasons including running into unknown
shodsin the navigation channdl, operating outside of the navigation channd in shdlow water, or
by being loaded past the nine-foot draft. Barge grounding in newly formed shodsis unlikdly to
impact mussels because the new, unstable subdtrate is unlikely to be colonized by mussdls.
Subgtantid local musse damageislikely if a barge grounded on an off-channd mussdl bed.
Mussdls, including Higgins eye, would be buried, crushed, and/or scoured by propeller wash
and the weight of the barge(s).
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There are gpproximately 120 commercid port facilities in the range of Higgins eye (UMR
upstream of lock and dam 19; Minnesota River; Black River; and St. Croix River). Port
facilities likely impacted native mussdls through habitat 1oss during congtruction or subsequent
maintenance of facilities

Spills of contaminants and cargo from commercid tows may have impacted Higgins eye and
other freshwater mussdls by direct mortdity and by chronic effects. Benthic organisms are
sendtive to awide range of contaminants including ammonium, pesticides, and petroleum
products, al of which are commonly transported on the UMR. Wairs, locks and dams, and
mooring Sites made navigation safer on the UMR and have reduced the potentid for hazardous
spills, but accidents and spills have occurred on the UMR. To date, there are no data which
conclude that these sills had an adverse impact on Higgins: eye populations.

5.2.4 Recreation

Some recregtiond facilities likely degraded habitat for freshwater mussds. Congtruction
activities, such as sand fill for beach or swimming areas, placement of fill or dredging to create
marinas/harbors, or riprap for shoreline protection likely covered or otherwise permanently
changed mussdl habitat. Large recrestiona boats d<o likely impacted mussdls by inducing
abortion, by physicdly damaging mussels, or by other factors smilar to those noted for
commercid navigation. Swimmers have been observed collecting mussels at some beach sites;
indiscriminate collections may have indluded Higgins eye at some locations.

5.2.5 Exotic Species

Of mgor concern to the well being of mussalsin generd, and Higgins eyein particular, wasthe
introduction of zebramusselsto the UMR. Zebra mussels have been found throughout the UMR
and have the potentid to kill or otherwise diminate native mussels, including Higgins eye.

Adult zebramussdls attach to natural substrates, such as rocks, native mussals, wood, aquatic
plants, and other zebramussals. They aso attach to man-made materias, such as fiberglass,
iron, plagtic, and concrete [U.S. Army Corps of Engineers (Corps) 1992]. Mae zebramussals
release sperm directly to the water to fertilize eggs released to the water by the femdes. Large
females release up to one million eggs per season (Corps 1992). Eggs are released when water
temperatures reach 52-54° F. Immature zebra mussels (veligers) spread via passive drift on
water currents. Adults and veligers attach to boat hulls, or to wet compartments, containers, and
equipment in boas.

Zebramussds affect other mussdls by competing for food and by attaching to mussalsin such
numbers that infested mussels cannot travel or burrow. When infested by gpproximately 100 or
more zebra mussdls, native mussels cannot open their shells to respire, feed, burrow, or move,
nor can they cose their shdllsfor protection. Zebra mussas can build up on native mussdsin
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such numbers that waves and currents can didodge native mussdals from the substrate. Recent
observations suggest infested native mussals may remove themsalves from the subdtrate to
ecape zebramussals (Miller 1995). Any of these impacts or combination of impacts can lead
to the death of the infested mussdl. Commercia and recregtiona boats are the main vectors
carrying this species upstream and between water bodies, while currents carry veligers and
juveniles downstream for further dispersd.

Zebramussds attach themsalves by byssal threads to nearly any hard surface. Zebramussels
reach a maximum length of about two inches, and hundreds of thousands can colonize a square
meter. Up to 10,000 zebra mussels have been counted on a single mussel (Corps 1992). In
Michigan's Lakes Erie and S. Clair, where zebra mussels have existed for severd years, native
mussel populations have been devastated, and in some areas eradicated (Masteller and
Schloesser 1991, Gillisand Mackie 1991). Gillisand Mackie (1991) found a positive
correlation between large increases in the average number of zebra mussels attached to native
musH shells and adeclinein live native mussel numbersin Lake St. Clair. They dso found that
gpproximately 2,000 zebra mussdls on a native mussd occluded the native mussdl's sphon
region completely, affecting its ability to filter. Colonization rates of approximatdly 0.4t0 1.0 g
of zebramussdls per g of native mussdl (dry mass) were recorded in native mussas immediately
before extirpation from the Canadian sde of the Detroit River (Ohnesorg et al. 1993).

Zebramussdls may have greater impact on some native mussel species than others dthough this
isnot conclusive. Haag et al. (1993), in atest of Six species, found species in the Anodontinae
subfamily to be the most sengitive to zebra mussdls, followed by Lampsilinae and Ambleminae.
Higgins eyeisamember of the subfamily Lampsilinee. Hunter et al. (1997 and references
within) also found some species to be more sengtive to infestation than others. Giant floater
(Anodonta grandis) was the most sengitive, followed by fragile papershdl (Leptodea fragilis),
fatmucket (Lampsilis siliquoidea), pink hedsplitter (Potamilus alatus), and black sandshell
(Ligumiarecta). Zebramusse data collected by the Corps of Engineers at the Prairie du Chien
Essential Habitat Areadid not find asmilar trend in sengtivity to zebramussd infestation among

species (Whiting 2000).

Zebramussels werefirg discovered in Lake S. Clair in 1988 and in dl the Great Lakesin 1989.
They were found in the Chicago Sanitary and Ship Cand in 1989 and in the main sem of the
lllinoisriver in 1991. Thefirgt zebramussd collected from the UMR was taken in 1991, south
of LaCrosse, Wisconsin (Corps 1999). Miller (1995) sampled mussels of the lower East
Channd a Prairie du Chien, Wisconsin. He found a maximum dendity of 14,000 zebra
mussds/n? affecting up to 100 percent of the native mussdsin some of his samples. He found
the 1995 level of zebramusselsto be an order of magnitude greater than 1994 levels. An
animated map of the spread of zebra mussdl's on the UMR produced by the U.S. Geologica
Survey (USGS) can be viewed on the Internet at www.national atlas.gov/zmussel s1.html.

Unlike the Illinois River (via Lake Michigan and the Chicago Sanitary and Ship Cand), the UMR
did not have an upriver source of veligersto sporead downriver with the currents. Based on the
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zebramussel-s current distribution within the UMR, it gppears tow traffic is the main
trangportation vector of upstream spread in the UMR upstream of the [llinois River (Carlton
1993, Keevin et al. 1992), while river currents are respongble for its downstream spread from
the UMR/Illinois River confluence. With aless abundant upriver source, UMR zebra mussdl
populations grew at adower pace than those in the lllinois River. Despite dower population
growth rate, recent reports from Lake Pepin (Pool 4) and Pools 8-10 indicate high adult zebra
mussel numbers and densities (>20,000/n¥) (Corps 1999, p. 71). Studies conducted by
Minnesota and Wisconsin resource agencies since 1996 indicate Lake Pepin is the likely source
population for the increasing zebra musselsin Pools 7 and 8 (Corps 1999, p. 71). Lake Pepin
may be a substantial and long-term source of zebramussels to the downstream UMR. Cope et
al. (1997) found zebra mussd dengties higher in the UMR downstream of Lake Pepin
compared to dengties upstream of Lake Pepin.

Based on current zebra mussdl dengities at dewatered lock chambers, it islikely that they harbor
reproducing zebramussas. Yager et al. (1994) estimated zebramussel densitiesin lock
chambers up to 68.4/mb. Recent examination of Lock and Dam 5A revealed amuch higher
present dengity than was found in Y ager et al's earlier examination (Corps 1999, p. 72). Y ager
et al. (1999) report zebramusse densities exceeding 7,000/ at locks and dams downstream
of Lake Pepin.

Hornbach et al. (1995b) stated the recent invasion of the UMR and probable future invasion of
the &. Croix River with zebramussds has cast the surviva of Higgins eyein doubt. With the
continuing expangon of the zebramussd and the limited locations of Higgins eye populations, it
isclear that Higgins eyeis under threat from the zebramussd. Recent information from the East
Channd Essentid Habitat Areaat Prairie du Chien, Wisconsin, supports this conclusion; the
following discussion on zebra mussel impacts is from Corps unpublished 1999 data. Quantitative
and qudlitative samples for freshwater bivaves have been collected in the East Channel Essentia
Habitat Area of the UMR by personne of the U.S. Army Engineer Waterways Experiment
Station since 1984 (Table 1; Miller and Payne 1993). Samples have been collected a multiple
steswhere the river litsinto an east and main channel near river mile 635. However, only data
from areference site, located downriver and away from a barge turning basin in the north section
of the east channd, are presented in Table 1. These data provide a basdline for native mussel
dengties and recruitment rates prior to introduction and spread of zebramussels. In addition, the
data st illudtrates effects of introduction and spread of zebra mussdls on the native fauna.

All samples for mussdals were collected by divers equipped with surface supplied air.
Quantitative samples were obtained by having a diver excavate dl substratum, which conssted
of shells, live mussels, sand and gravel, from the confines of a0.25 sg m duminum quadrant.
Substratum was washed through screens, live bivaves were removed, identified, and tota shell
length (SL) measured with digita caipers. From 10 to 60 quadrant were processed in any yesr.
Quadlitative samples were obtained by ether having divers search an areafor a specific period of
time (15-30 min), or until a certain number of mussels were obtained. All searching was done by
fed gnce vighility is extremdy low.
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Table 1 contains a measure of recent recruitment, as indicated by both the percentage of
individud musselslessthan 30 mm totdl S, and the percentage of species with at least one
individua lessthan 30 mm SL.. Mussdlslessthan 30 mm total shell length are typicaly 1-3years
old; therefore amussd in this Sze range could be evidence of recruitment that took place severd
years previoudy. Inaddition, Table 1 contains data on zebramusse and native mussel density;
the former werefirgt collected in quantitative samplesin 1993, Zebramussdl dendity increased
to over 10,000 individuals/'sg min 1996. In 1998 density had dropped to approximately 1700
individuas/'sg m and conssted mainly of older individuds and there were few new recruitsin the
population. In 1999, zebra mussel dengity increased to 56,507 individuals/'sg m; it was observed
that the older cohort present in 1998 had recruited and many juvenile zebra mussals were
present. The substratum was virtually covered with athick mat (up to 10 cm thick) of dead and
living zebramuss.

Tablel. Summary Dataon Evidence of Recent Recruitment (Percent Individuas and
Species Less than 30 mm Tota Shdll Length) and Unionid and ZebraMussel Densdity in the
East Channd of the Upper Mississppi River. Information from Corps 1999 unpublished
data.
Y ear No. of Unionid Mean Dengity
Quadrants Recruitment Individuas/'sg m
% Ind. % Species Unionids ZebraMusss
< 30mm < 30mm
1984 20 10.7 45 113
198 30 15.2 66.7 1491
1987 30 34 4 750 68
198 30 24 520 79
1989 10 16.° 44 4 83
1990 30 14.8 421 80.0
1992 30 17 36 44 7
199- 30 41 44 4 28 - 2.0
1994 40 20.7 520 63.4 36
199 60 324 66.7 59 10.853.0
199 60 25 450 10 1.762.0
1999 60 0.0 0.0 1.7 56,507.0

For thefirst 10 years (from 1984 to 1994), evidence of recent recruitment for native mussels
was highly variable and obvioudy unaffected by zebra mussels. For example, the percentage of
live unionids less than 30 mm totd shell length during this period varied from 10.7 percent in
1984 to amaximum of 41.5 percent in 1993. The percentage of pecies showing at least some
evidence of recent recruitment ranged from alow of 36.8 percent in 1992 to ahigh of 75
percent in 1987. In 1996, when zebramussd dendity was at its maximum, there were il
juvenile native mussals present. However, the percentage of recent native mussdl recruits, both
species and individuas, dropped to 0.0 in 1999. Thiswas certainly the result of the high zebra
mussdl dengitiesin 1996 and 1997 that virtudly eliminated recruitment of netive species.
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Mean densty of al unionids varied from amaximum of 149 individuas'sqg m to a minimum of
28.3 individuds/'sq min the first 10 years (1984-1994; Figure 1). Y ear- to- year variation could
have been caused by dight differencesin sample site locations, mortdity of older age classes,
and variaion in recruitment. However, the rgpid decline in native mussel dendity after 1996, first
noted in 1998 (10.1 individuas'sg m) and continuing in 1999 (1.7 individuds/'sg m) is certainly
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related to the presence of zebramussdls.

Live specimensof L. higgins were not collected at the east channd location in 1999. In al
previous study years this species was collected in the east channdl, typicaly representing
approximeately one percent or less of the total native mussel fauna. 1t should be noted that this
speciesis often collected alive where zebra mussals are present. 1n 1999 quantitative and
quditative samples were d o collected in the main channd of the UMR, a alocation
goproximately 1 mile from where samples were taken in the east channd. In aquditative sample
obtained in the main channdl, conssting of 198 native mussdls, 5, or gpproximately 2.5 percent,
wereliveL. higgins. Zebramusse densties have dways been lessin the main channd than the
east channel; hence, the impactsto native species is greeter in the latter location.

Figure 1. Dengty of native mussels collected at areference stein the East

Channedl Essentid Habitat Area, Upper Missssppi River, a Prairie du Chien,
Wiscongin. (Corps, unpublished 1999 data).
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5.2.6 Commerciad Harvest

The commercid harvest of native freshwater mussdsin the UMR pesaked during the pearl button
period of the 1920's and later during the cultured pearl erain the late-1980's and early 1990's.
There are few documented reports of commercia clammers taking Higgins: eye. Other than
harvest activities such as bralling that may have influenced the entire mussd community, littleis
known regarding the direct impacts of commercid harvest on Higgins eye. Mathiak (1979),
based on observations he made at acommercid clamming operation, concluded that hundreds of
Higgins eye had probably been harvested in 1975 before the species was placed on the
endangered species list (paragraph from Hornbach 1999).

5.2.7 Summary

Since congtruction of the 9-Foot Channel Project approximately 60 years ago, the UMR
continues to adjust from ariverine to areservoir syssem. Because of the generd lack of pre-
project mussel data, it isimpossible to assess with any certainty the impacts of the origind 9-
Foot Channd Project on Higgins eye for use in establishing the environmentd basdine for the
Biologicad Opinion. In generd, most adverse impacts to Higgins: eye were associated with the
congtruction, operation and maintenance of the original 9-Foot Channel Project, and thousands
of channd gtructures preceding it, for commercid navigation; these impacts are largely unknown
and occurred nearly a century ago.

Studies before 1993 found no sgnificant declinesin the distribution and abundance of Higgins:
eye on the UMR; since completion of the origina Recovery Plan in 1983, its known range has
been extended by 180 river miles and the Higgins eye Recovery Team tentatively proposed an
additiona three Essential Habitat Areas (Hornbach 1999). For the species, the outlook was
cautioudy optimigtic; it seemed plausible to congder that Higgins: eye populations were stable
and perhaps recovering. Following the Flood of 1993, the Higgins: eye Recovery Team
reassembled and began updating the origind recovery plan.

Unfortunately, the recent invasion of the exotic zebramussel has sgnificantly changed this
scenario. Due to upstream transport by commercid barge traffic, zebra mussels are now found
throughout the UMR and have had a sgnificant adverse impact on Higgins: eye and other native
freshwater mussels. Based on Corps unpublished 1999 data on freshwater mussels from the
Prairie du Chien Essentid Habitat Area, and observations and recommendations of the Higgins
Eye Pearlymussd Recovery Team (Hornbach 1999), it is evident that zebramussds are a
ggnificant threat to native freshwater mussels on the UMR, including Higgins: eye.

The environmentd basdine for this Biologica Opinion includes gpproximeately 60 years of
operation and maintenance of the origina 9-Foot Channel Project. The environmenta basdine
a0 indludes sgnificant adverse impacts to Higgins: eye from the exotic zebramusse a the
Prairie du Chien Essentia Habitat Areg; it is probable that smilar impacts have occurred to the
other Essentid Habitat Areas on the maingem UMR. Fortunately, & thistime, the
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existing/proposed Essentia Habitat Areas on the Lower St. Croix (Karns 2000) and Lower
Wisconsin Rivers are not infested with zebramussels.  The Proposed Action by the Corps of
Engineersisto continue existing operation and maintenance activities for another 50 years. The
effects of this action on Higgins: eye are described below.

5.3 Effects of the Proposed Action
5.3.1 Direct Effects

Direct effectsin Biologica Opinions are the direct or immediate effects on listed species caused
by the proposed Federd agency action (including action to be permitted or authorized by the
Federa agency). Direct effects of the proposed action include the effects of interrelated actions
and interdependent actions. In this Biologica Opinion, direct effects are effects likdly to result to
Higgins: eye from continued operation and maintenance of the 9-Foot Channel Project for the
next 50 years.

The Biologica Assessment (Corps 1999) was used in our assessment of project effects on
Higgins eye. Asnoted in the Biologica Assessment, the Corps will consult with the Service on
future operation and maintenance projects which may affect Higgins eyeto avoid and minimize
adverse effects to the species. We dso used information and observations of the Higgins: Eye
Pearlymussal Recovery Team in determining effects of the Proposed Action on the species
(Hornbach 1999). Our assessment of direct effects to Higgins: eye from continuing operation
and maintenance of the 9-Foot Channel Project for an additiona 50 yearsincluded the following
parameters.

5.3.1.1 Operation of the 9-Foot Channel Project
5.3.1.1.1 Water Level Regulation
Refer to Section 5.3.1.1.2, Impoundment
5.3.1.1.2 Impoundment
The mgor adverse effects of water level regulation and impoundment of the UMR for an
additiond 50 years are associated with continuing the upstream transport of exotic zebra
mussals by commercid barge navigation as discussed in Section 5.3.2.1.4, Exatic
Species. Other impacts to Higgins: eye from continuing existing water regulation and
impoundment activities by the Corps of Engineersfor an additiona 50 years are
congdered to be minor in comparison to zebramussd impacts and any mgjor physicad
changesto Higgins: eye habitat which occurred in the years following construction of the
9-Foot Channel Project approximately 60 years ago.

Water level management projects are being proposed on the UMR by the Corps of
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Engineersin cooperation with natura resource agencies as atool to restore aguatic
vegetation in the navigation pools. These projects will likely involve partid drawdowns of
1-3 feet a the dam in selected pools. Impacts to freshwater mussals including Higgins
eye will be assessed separately, including Section 7 consultation, as each project is
developed. Through the Section 7 process, impacts to Higgins: eye will be
avoided/minimized.

5.3.1.2 Maintenance of the 9-Foot Channel Project
5.3.1.2.1 Dredging
Refer to Section 5.3.1.2.1, Disposal
5.3.1.2.1 Disposal

Adverse impacts may occur to individud Higgins: eye on a Ste-specific basisfrom
continuing modern dredging and disposd activities for another 50 years on the UMR.
Unlessreocated, any Higgins: eye located within the boundaries of a new/historic dredge
cut will bekilled as aresult of the project.

No impacts are anticipated for upland digposa Sites having 100 percent containment of
dredged materids and effluent. Unless relocated, dl Higgins: eye located within the
boundaries of a new/historic dredged materid placement ste will bekilled. Higgins eye
may also bekilled as aresult of dredging necessary to reach the disposd ste, and
placement of pipding(s).

Use of temporary dredged materid trandfer Stes may affect mussels through direct
coverage, but the likelihood of Higgins: eye mussels colonizing open water aress of the
transfer Stesis quite low. The shifting sand substrates in these areas are typicaly poor
habitat for freshwater mussels and are secluded from the UMR flow and these areas are
frequently disturbed ether through placement of dredged materias, or excavation of
materias during transfer operations.

In-water placement of dredged materia including thalweg disposal may affect freshwater
mussdls through direct burid. Depending on the thickness of the materia, mussals buried
by in-water placement of dredged materia may perish as aresult of asphyxiation and/or
garvation. Although no permanent in-water placement of dredged materid is proposed in
the upstream pooals, it isa common practice in lower reaches of the UMR (Corps 1999);
it could also be considered in the future for other reaches (Corps 1996). In addition to
the potentia for buria, mussels inhabiting re-handling sites could be re-dredged and
deposited on upland locations, leading imminently to deeth.

Today, channd maintenance activities associated with the 9-Foot Channd Project are
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routinely coordinated with such interagency groups as the On-Site Inspection Teams,
River Resources Forum and River Resources Coordinating Team to avoid/minimize
project impacts to fish and wildlife resources of the UMR, including freshwater mussels.
The Corps of Engineers will continue to conduct individua Section 7 consultation on all
projects which are likely to affect Higgins eye (Corps 1999). Through the Section 7
process, impacts to Higgins: eye will be avoided/minimized. Based on the above, we do
not anticipate mgor adverse impacts to Higgins: eye from continued maintenance dredging
and disposd activities on the UMR for an additiond 50 years.

5.3.1.2.3 Clearing and Snhagging

Removal of trees or other obstructions from the navigation channel could affect Higgins
eye through disturbance of bottom substrates. Most snagging, however, occurs on the
Minnesota River, outsde the current known range of Higgins eye. Higgins eye does
occur inthe Lower . Croix River, but any snag removad is conducted only upon request
of the Nationa Park Service. Snag removal has not been requested for the past 20 years
and in that time the Nationa Scenic Riverway was established. The Corps does not
anticipate snagging on the St. Croix River during the next 50 years (Corps 1999); we
therefore do not anticipate mgor adverse impacts to Higgins: eye from dearing and
snagging operations. In addition, the Corps of Engineers will enter into Section 7
consultation with the Service for any dearing and snagging project which islikely to affect
Higgins eye. Through the Section 7 process, impacts to Higgins: eye will be
avoided/minimized.

5.3.1.2.4 Channel Structures/Revetment
5.3.1.2.4.1 Wingdams
Refer to Section 5.3.1.2.4.5, Closing Structures
5.3.1.2.4.2 Bendway Weirs - Not applicable
5.3.1.2.4.3 Bank Revetment/Off-Bank Revetment - Not applicable
5.3.1.2.4.4 Chevron Dikes - Not applicable
5.3.1.2.4.5 Closing Structures
Unlessrdocated, dl Higgins: eye located within the boundary of proposed
modifications to existing rock structures, or new closing dams, wing damsor rip rap
will bekilled. The Corps of Engineerswill continue to conduct individua Section 7

conaultation on dl projects which are likely to affect Higgins: eye (Corps 1999).
Through the Section 7 process, impacts to Higgins: eye will be avoided/minimized.
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Based on the above, we do not anticipate mgor adverse impacts to Higgins: eye from
maintenance activities or new channel structures during the next 50 years.

5.3.1.2.5 Lock and Dam Rehabilitation

A programmatic Environmenta Impact Statement on mgor rehabilitation of locks and
dams 2-22 (Corps 1989) exists and is incorporated by reference. The Service's
biologica opinion on the project found the rehakilitation action was likely to incidentally
take Higgins eye. Rehahilitation of lock and dam structures would not cause
permanent loss or disturbance of aquatic habitat. The work would entail repair or
replacement of exigting structures with very little intruson into agquatic habitat during
future rehabilitation. Petroleum or other hazardous materias can spill during
congtruction, so contractors working on rehabilitation would have approved
Environmenta Protection Plans with spill prevention measures and spill response plans
to minimize the likeihood of a spill. Once the Structures are rehabilitated, their
operation would be more efficient and safer for traffic, thereby reducing the spill
potentiad. Riprapping is occasondly performed in downstream portions of spillways.
Many of these areas attract high fish concentrations, hence some have rich mussdl
assemblages. Unlessreocated, any Higgins eye present in the riprap placement
are(s) would be killed by the congtruction activities.

5.3.1.3 Summary of Direct Effects

Although the mgor direct effects to Higgins: eye from the 9-Foot Channdl Project and
preceding navigation projects occurred nearly a century ago, continued channel maintenance
activities (dredging, disposd, clearing and snagging, channd structures/revetment) for an
additiond 50 years may affect individuas or populations of Higgins eye at aloca scde. As
noted in the Biologica Assessment (Corps 1999), the Corps will consult with the Service on
future operation and maintenance projects which may affect Higgins eye.  Through the
Section 7 process, impacts to Higgins: eye will be avoided/minimized.

5.3.2 Indirect Effects
Indirect effectsin Biologica Opinions are project impacts produced after the action has been
completed or after the permitted activity terminates. Indirect effects are caused by or result from
the proposed action, are later in time, and are reasonable certain to occur. They may occur
outside the area directly affected by the proposed action.
5.3.2.1 Navigation Related Indirect Effects
5.3.2.1.1 Tow Traffic

Since most commercia navigation occurs in the main navigation channd and has been on-
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going since the project was completed early this century, impactsto Higgins eye from
individud tows (e.g., prop wash, increase in suspended sediments, physical impacts from
grounding) are considered to be minor in nature and of aloca scde. Any mgor physicd
changesto Higgins: eye from commercid navigation traffic in the main navigation channd
occurred in the years following congtruction of the 9-Foot Channdl Project.

Continued commercia barge transportation on the UMR for an additiona 50 years will
continue to transport zebra mussdls on the UMR upstream from the Illinois River within
the range of Higgins: eye to the detriment of freshwater mussasin generd, and Higgins
eyein paticular. Continued upsiream trangport of zebramusselsis a Sgnificant adverse
Impact to the species (Refer to Section 5.3.2.1.4, Exotic Species).

5.3.2.1.2 Fleseting

Continued use of exigting barge flegting areas, or development of new fleeting areas may
adversdy affect freshwater mussdsinduding Higgins eye. Under Section 10 of the
Rivers and Harbors Act of March 3, 1899, the placement of permanent structures below
ordinary high water on navigable waterways require a Department of Army permit.
Where ingdlation involves discharge of dredge or fill materids, permits under Sections
401 and 404 of the Clean Water Act of 1977 are required. Future expansion of fleeting
aress or terminds will be subject to regulation and environmenta review including Section
7 conaultation with the Service. Through the Section 7 process, impactsto Higgins eye
will be avoided/minimized.

5.3.2.1.3 Port Facilities

Continued use of existing port facilities, or development of new port facilities may
adversdy affect freshwater mussdsinduding Higgins eye. Under Section 10 of the
Rivers and Harbors Act of March 3, 1899, the placement of permanent structures below
ordinary high water on navigable waterways require a Department of Army permit.
Where ingdlation involves discharge of dredge or fill materids, permits under Sections
401 and 404 of the Clean Water Act of 1977 arerequired. Any future expansion or new
congruction projects, or maintenance of existing facilities, would follow Section 404
permitting guidelines, Section 7 consultation with the Service would occur through the
gpplication process. Through the Section 7 process, impacts to Higgins: eye will be
avoided/minimized.

5.3.2.1.4 Exotic Species
The mgor adverse effect of the Proposed Action on Higgins eyeis from indirect effects of
zebramussdls, an exotic species which is trangported upstream from the lllinois River by

commercid barge traffic dependent on the 9-Foot Channel Project. Zebramussalsare
consdered to be asgnificant threet to Higgins: eye populations on the UMR (Hornbach
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1999). Continued operation and maintenance of the 9-Foot Channd Project for an
additiona 50 yearswill facilitate the continued upstream transport of zebra mussels by
commercid barge traffic if they are infested with zebramussals. The upstream transport of
zebramussalswill continue to replenish zebra mussalsin the UMR, encompassing al

UMR maingem Higgins eye Essentid Habitat Areas, and potentidly the existing/proposed
Essential Habitat Areas on the Lower St. Croix and Lower Wisconsin Rivers which are
not currently infested with zebra mussals.

Unfortunately, the likelihood of another exotic speciesinvading the UMR is high; one
exotic mussd that could impact Higgins eye in the same fashion as the zebra mussd over
the next 50 years is the quagga mussdl (Dreissena bugensis). 1n 1997, it was well
established in the lower Great Lakes and the St. Lawrence Seaway and has been found at
one location inthe UMR near St. Louis, Missouri (see Internet site
www.entryway.com/seagrant/feb97q.j pg).

5.3.2.1.5 Contaminants

A large spill of sdlt, fertilizer, ammonia or petroleum products from atow(s) could kill all
freshwater mussdsin its path. The overal consequence however, can not be predicted,
but would depend on the amount and type of substance spilled, the effectiveness of spill
containment and cleanup, river stage, and other factors (USFWS 1993). The same
conditions gpply to contaminants hauled by rail; in most cases railroad facilities are located
on both gdes of the UMR floodplain. We would anticipate that a spill(s) may adversely
affect Higgins eye on aloca scale.

5.3.2.2 Recregtion Rdated Indirect Effects
5.3.2.2.1 Facilities

Any future expansion or new congtruction projects, or maintenance of exigting facilities,
would follow Section 10/404 permitting guidelines. Section 7 endangered species
consultation with the Service would occur through the permit application process.
Through the Section 7 process, impacts to Higgins: eye will be avoided/minimized.

53222 Large Vesss

Large recreationd vessalswill dso continue to transport zebra mussels on the UMR within
the range of Higgins: eye to the detriment of freshwater mussdsin generd, and Higgins
eyein particular referenced in Section 5.3.2.1.4, Exotic Species. However, while
recreational boats may trangport zebramussels on the UMR, commercia barge
trangportation is the predominant upsiream carrier. Barges have larger submerged surface
aress than recreationd craft for mussel attachment; they remain for long periodsin the
water (exposure and attachment time); they travel long distances within the UMR, from
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below lock and dam 26 to the head of navigation in Minnegpolis, Minnesota; and they
travd within and downstream of the lllinois River, a constant source of zebra mussas from
Lake Michigan to the UMR.

5.3.2.2.3 Beach Use B Not gpplicable
5.3.2.2.4 Exotic Species

Refer to Section 5.3.2.1.4, Exotic Species
5.3.2.2.5 Contaminants

Therisk to Higgins eye and other freshwater mussels from smdl contaminant spills from
recreationa craft are consdered to be minor in comparison to the potentid for alarge spill
from commercid navigation or rall traffic. Refer to Section 5.3.2.1.5, Contaminants.

5.3.23 Summary of Indirect Effects

The indirect effectsto Higgins eye from continued zebramussd perastenceinthe UMR are
sgnificant. Aslong ascommercid barges, towboats and other equipment are infested with
zebra mussdls, continued operation of the 9-Foot Channel Project will facilitate the upstream
transport of zebra mussds to the detriment of Higgins: eye and other native freshwater
mussels on the UMR. Based on Corps unpublished 1999 data on freshwater mussels from
the Prairie du Chien Essential Habitat Area, and observations and recommendations of the
Higgins: Eye Pearlymussdl Recovery Team (Hornbach 1999), it is evident that zebra mussels
are asgnificant thregt to native freshwater mussds on the UMR, indluding Higgins eye.  Due
to upstream trangportation by commercia barge traffic, zebra mussels are now found
throughout the UMR. Theindirect effect of continued operation and maintenance of the 9-
Foot Channd Project for another 50 years will continue to facilitate this upstream
trangportation vector, and increase the risk of establishing zebra mussds a currently
uninfested mussd beds containing Higgins eyein the Lower . Croix and Lower Wisconsin
Rivers.

5.3.3 Interrd ated Effects

An interrdlated activity is an activity that is part of the proposed action and depends on the
proposed action for its judtification.

5.3.3.1 Timber Management B Not applicable
5.3.3.2 Cabin Leases - Not applicable

5.3.3.3 Generd Plan Lands - Not gpplicable
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5.3.3.4 Public Use Sites - Not applicable
5.3.3.5 Corps Port Facilities

Two Corps-operated port facilities exist within the range of Higgins eye: onein the &. Paul
Didtrict (Fountain City, Wisconsin) and one in the Rock 1dand Didtrict (LeClaire, lowa). No
live Higgins eye have been found recently near the Fountain City Base. The LeClaire Service
Baseislocated immediately downstream of ahigh quaity mussd bed. Any future
maintenance or congtruction activities at these locations will be coordinated with the Service
under Section 7 of the Endangered Species Act. Through the Section 7 process, impacts to
Higgins: eye will be avoided/minimized.

5.3.4 Interdependent Effects

An interdependent activity is an activity, not part of the proposed project, that has no
independent utility apart from the proposed action under consultation.

5.3.4.1 Missouri River Navigation - Not applicable
5.3.4.2 U.S. Coast Guard (USCG) Buoy Tending

A potentid impact of buoy placement and maintenance by USCG is the transport of zebra
mussdlsinto previoudy unoccupied habitat; USCG buoy tending vessels entering the S
Croix River from the Missssppi River would very likely carry zebra mussds from the
Missssppi into the S. Croix. This could lead to establishment of a zebramussel population
inthe St. Croix River. However, on September 27, 1999, a Service representative met with
representatives of the U.S. Coast Guard and other Federal, State, and local stakeholders
regarding the maintenance of navigation aidsin the St. Croix River. It was agreed thet the
USCG would replace the existing heavy metd buoys with lighter easy-to-service buoys and
with on-shore daymarkers. This action will preclude the USCG having to bring zebra
mussa-infested cutters and work barges into the &t. Croix River.

5.3.5 Cumulative Effects

Cumulative effectsin biologica opinions are effects of future Sate, locd, or private actions, not
involving Federa action, reasonably certain to occur in the action area [50 CFR 402.14 (g)(3) &
(4)]. Cumulative effects include the effect of future State, Tribd, locd or private actions that are
reasonably certain to occur in the action area consdered in this Biologica Opinion. Future
Federal actions unrelated to the proposed action are not considered in this section because they
will undergo separate consultation pursuant to Section 7 of the Act.

Cumulative effects will not be subject to future Section 7 review because no Federd actionis
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associated with them. The Service knows of no projects reasonably certain to occur in the
action areathat will produce cumulative effects. Residentiad, industria, and recreationd uses will
likely continue to increase on the UMR and may change habitat conditions for Higgins eye.

5.4 Conclusion
5.4.1 Jeopardy Andysis

After reviewing the current status of Higgins eye pearlymussd, the environmentd basdline for the
action areg, the effects of the proposed action, the cumulative effects, and effects of exotic zebra
mussdls, it is the Service's biologica opinion that the action, as proposed, is likely to jeopardize
the continued existence of Higgins eye pearlymussel. No critica habitat has been designated for
this species, therefore, none will be affected.

The problem is not commercid barge transportation, per se. The ongoing problem is
commercid barge trangportation on the UMR with vessd's and equipment infested with zebra
mussels. The mgor adverse effect of the project on Higgins eyeisfrom the indirect effects of
zebramussdls, an exotic specieswhich is maintained by the conditions created from the
operation and maintenance of the 9-Foot Channel Project and is transported upstream from the
[llinois River by commercid barge trangportation dependent on the navigation project. This
jeopardy opinion is based on the Servicess assessment of the project in light of information on
Higgins eyess range wide population size, digtribution, and status and on reasonably likely zebra
mussdl impacts. Continued operation and maintenance of the 9-Foot Channd Project will
facilitate upstream transport of zebra mussels by large vessels using navigation locks, thereby
continuing to replenish zebra mussdsin the UMR and encompassing dl UMR maingem Higgins
eye Essentid Habitat Areas. Continued operation and maintenance of the 9-Foot Channel
Project dso facilitates maintenance of existing populations of zebra mussdsin navigation pools
and lock chambers, which are more hospitable for zebra mussels than unimpounded riverine
conditions.
The proposed project makes possible large-scale commercid barge trangportation on the UMR.
But for the project, there would be no commercia barge navigation. But for the commercia
barge traffic, there would be no continuous, large-scae transport and replenishment of zebra
mussels in the UMR upstream of the lllinois River. While recregtiona boats may transport zebra
mussels on the UMR, commercid barge trangportation is the predominant upstream carrier.
Barges have larger submerged surface areas than recreationa craft for musse attachment; they
remain for long periods in the water (exposure and attachment time); they travel long distances
within the UMR, from below Lock and Dam 26 to the head of navigation in Minnegpalis,
Minnesota; and they travel within and downstream of the Illinois River, a congtant source of
zebramussdls from Lake Michigan to the UMR. Furthermore, the proposed project provides
idedl habitat for zebramussel colonization (Corps 1999). Zebramussel colonization is restricted
by water velocity. Colonization is most successful in dow-moving water. The operation and
maintenance of the 9-Foot Channel Project provides these ideal dow-moving water conditions.
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Zebramussds affect native freshwater mussdls like Higgins eye by competing for food and by
attaching to native mussds in such large numbers that infested mussels cannot travel or burrow.
When infested by many zebra mussels, native mussels cannot open their shells to respire, feed,
burrow, or move, nor can they close their shellsfor protection. Zebramussels can build up on
native mussdls in such numbers that waves and currents can didodge native mussels from the
substrate. Any of these impacts or combination of impacts can lead to the death of the infested
mussd; if enough adults die, reproduction and recruitment may be limited to the point thet the
mussdl population and community cannot be maintained.

Thus, the Service believes it is reasonably certain that operation and maintenance of the
navigation pools and project-dependent commercid barge transportation will facilitate zebra
mussd persgstencein the UMR to the extent that the likelihood of recovery and surviva of
Higgins eye is appreciably reduced.

5.4.2 Reasonable and Prudent Alternative

Regulations (50 CFR 402.02) implementing Section 7 of the Act define reasonable and prudent
dternatives as dternative actions, identified during forma consultation, that: (1) can be
implemented in a manner congstent with the intended purpose of the action; (2) can be
implemented cong stent with the scope of the action agency:s legd authority and jurisdiction; (3)
are economicaly and technologicdly feasble; and (4) would, the Service believes, avoid the
likelihood of jeopardizing the continued existence of the listed species or resulting in the
destruction or adverse modification of critica habitat.

The continued operation and maintenance of the 9-Foot Channd Project facilitates a continued
and maintained source of zebramusselsin the UMR, and thus, appreciably reduces the
likelihood of surviva and recovery of Higgins eye. To avoid jeopardizing the continued
existence of the species, while continuing operation and maintenance of the 9-Foot Channel
Project, guarding againgt further Higgins: eye population loss due to zebramussd infedation is
imperative. To achievethis, it is necessary to (1) establish, reestablish, or augment Higgins: eye
populations in areas currently uninfested by zebra mussels, (2) prevent zebra musse infestation
above Lock and Dam 3 and into the Lower Wisconsin River, and (3) reverse current zebra
mussel population trendsin the UMR, especidly downstream of Lock and Dam 3 to the
confluence of the Illincis River.

Continued operation and maintenance of the 9-Foot Channel Project will facilitate zebra mussdl
perdstence in the UMR, and islikely to decimate dl Higgins: eye Essentid Habitat Areas on the
UMR. Toinsure againg the eventud loss of these essentia populations, Higgins: eye
populations need to be relocated into areas unaffected by zebramussas. The Wisconain
Department of Natural Resources (WIDNR) and Illinois Natural History Survey surveyed zebra
mussdl veigers from Lock and Dam 2 to Lock and Dam 11, and at the mouth of the St. Croix
River (WI DNR unpublished 1998 data). No veligers were found coming from the . Croix
River, indicating it did not support a reproducing population of zebramussasin 1998. During
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August 1999, the WIDNR conducted another veliger survey in the St. Croix River and found 17
vedigersin a sample taken from the mouth of the river just downstream of the railroad bridge a
the City of Prescott, Wisconan. The veiger dendty was 0.18 veigers per liter with abimoda
Sze digribution (Benjamin per comm 1999). Veigers were found at al UMR locks and dams
sampled in 1998 (Locks and Dams 2 through 11). Very few veligers, however, were found in
the tailwater of Lock and Dam 3 (0.1 veligers per liter) compared to the tailwater of the
downstream dams (range 18 to 487 veligers per liter; WIDNR unpublished 1998 data).

Zebramussd dengties a Corps locks and damsin the St. Paul Didtrict are substantidly lower
upstream of Lock and Dam 3 than downstream. Corps personnel have routingly monitored
zebramussels at locks and dams in the St. Paul Digtrict (Upper St. Anthony Fallsto Lock and
Dam 10) since 1992. Combined zebra mussel densities for 1993 and 1994 averaged 0.9
individuads’ sg m at upstream locks (Upper St. Anthony Fallsto and including Lock and Dam 3),
and 18.4 individuals/ sg m at downstream locks (Locks and Dams 4 - 10). By 1995, zebra
mussdl dendties were so large at downstream locks that they were described as being Ain layers
and too numerous to count by divers;i in comparison, zebra mussel densities at upstream Sites
wereonly 3.8 and 6.6 individuals/ sgm in 1995 and 1999, respectively (Y aeger 1999).

Based on these data, we conclude that there is limited to absent zebra mussdl reproduction
occurring upstream of Lock and Dam 3, in the &. Croix River, Lower Wisconsn River, and in
other tributaries. Thus, in protecting these currently uninfested areas from zebra mussel impacts,
and mussd relocation Sites per implementation of the Reasonable and Prudent Alternative
(Section 5.4.2), it is aso necessary to minimize the probability of zebramusse transport
upstream from Lock and Dam 3.

A Reasonable and Prudent Alternative (RPA) isfor the Corpsto (1) develop aHiggins: eye
Pearlymussel Relocation Action Plan and (2) to conduct a reconnai ssance study to control zebra
musselsinthe UMR.  ThisRPA will involve the fallowing:

1. Conduct aHiggins: eye rdocation feashility andysis and prepare aHiggins: eye Pearlymusse
Relocation Plan to address the feasibility of the Reasonable and Prudent Alternativein
avoiding jeopardy and reducing incidental take. Thiswill be an interdisciplinary/interagency
effort desgned to determine the most efficient and cost effective combination of methods and
measures to provide for relocation of Higgins: eye. The effort will follow the Corps
traditiona sx-step planning process and include the utilization of pilot fidd sudiesif
necessary. A report on the findings of this effort will be provided to the Field Supervisor,
U.S. Fish and Wildlife Service, 4101 East 80" Street, Bloomington, Minnesota, 55425-
1665, by April 30, 2001, for gpprova. If the feashility study concludes that relocation of
Higgins eyeis not feasble, the Corps will immediately renitiate consultation with the Service
under Section 7 of the Endangered Species Act to develop an dternative RPA to avoid
jeopardy. If relocation is feasble, implementation of the Higgins: eye Pearlymussel
Reocation Plan isto commence by June 1, 2001. The feasihility andysiswill include, but not
be limited to, the following:
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Deveopment of milestones or success criteria and time frames for achieving such gods,

Deveopment of arelocation Site criteria plan based on politicd, indtitutiond and
biologicd parameters,

Development of a search plan for candidate relocation Sites,

Implementation of the search plan, including pilot projects necessary to develop Ste suitability
criteriaand to evauate candidate relocation Sites,

Preparation of aprioritized list of candidate relocation sites, with narrative
evauation,

Evauation of relocation methods including relocation of adult and juvenile Higgins eye from
exiging populations, hatchery (in situ) propagation and rearing where juveniles would be
used in relocation, and release of glochidia-laden host fish,

Funding the relocation of Higgins eye a sdlected Ste(s) and evauating success at

the site(s). The relocation plan will include a monitoring component to determine the
effectiveness of the relocation program in re-establishing viable populations of L. higginsi.
Annua gtatus reports of the relocation and monitoring program will be submitted for approva
to the Fidd Supervisor, U.S. Fish and Wildlife Service, 4101 East 80" Street, Bloomington,
Minnesota, 55425-1665,

Support and continuation of pilot projects to evauate relocation techniques. Biologists from
the Wisconsin and Minnesota Departments of Naturd Resources and Service are planning to
conduct emergency relocation efforts for Higgins: eyein fisca year 2000, perhaps before this
forma Section 7 conaultation is completed. The Corps will continue to support these actions
when Section 7 consultation is completed, including post-relocation monitoring of pilot
projects.

. Conduct a zebramussel reconnaissance study to determine the necessary measures,
projected costs, and likelihood of success in controlling zebra musselsin the UMR. Thiswill
be an interdisciplinary/interagency effort designed to determine the most efficient and cost
effective combination of measures necessary to control zebra mussels. Based on these
findings, the Corpswill pursue, for those actions that fall within their perview, the gppropriate
project planning and other steps to implement the necessary measures. Also, the Corps and
the Service will seek the assstance of other agenciesin pursuing those additiona actions,
which are within the authorities of those agencies and deemed necessary to control zebra
mussd infestation. The reconnaissance report will be provided to the Field Supervisor, U.S.
Fish and Wildlife Service, 4101 East 80" Street, Bloomington, Minnesota, 55425-1665, by
April 30, 2002, for gpprovd. If the zebramusse control program isfeasble, it will include a
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monitoring component to determine the effectiveness of the program in controlling zebra

mussel abundance and digtribution. Annual status reports of the zebra mussd control and
monitoring program will be submitted for approva to the Field Supervisor, U.S. Fish and
Wildlife Service, 4101 East 80" Street, Bloomington, Minnesota, 55425-1665.

If the reconnai ssance report or a subsequent feasibility report concludes that zebra mussel
control in the UMR is not feasible, or feasble actions under the perview of the Corps are not
implemented within two years of ther identification, the Corps will immediately renitiate
consultation with the Service under Section 7 of the Endangered Species Act to develop an
dternative RPA to avoid jeopardy.

Because this Biologica Opinion has found jeopardy to Higgins eye pearlymussd, the Corps
is required to notify the Service of itsfind decison on the implementation of the reasonable
and prudent aternative.

5.5 Incidenta Take Statement

Section 9 of the Act and Federa regulation pursuant to Section 4(d) of the Act prohibits the take of
endangered and threatened species without special exemption. Take is defined asto harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any such
activity. Harm is further defined by the Service to include sgnificant habitat modification or
degradation that resultsin deeth or injury to listed species by sgnificantly impairing essentid
behaviora patterns, including breeding, feeding, or sheltering. Harassis defined by the Service as
intentiona or negligent actions that create the likelihood of injury to listed species to such an extent
asto sgnificantly disrupt normd behavior patterns which include, but are not limited to, breeding,
feeding, and sheltering. Incidentd take is defined as take incidental to, and not the purpose of, the
carrying out of an otherwise lawful activity. Under the terms of Section 7(b)(4) and Section
7(0)(2), take incidental to and not an intended part of the agency action is not considered prohibited
taking under the Act, provided 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 for the
exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to regulate the activity
covered by thisincidenta take statement. If the Corpsfails to assume and implement the terms and
conditions, the protective coverage of Section 7(0)(2) may lapse. In order to monitor the impact of
incidenta take, the Corps must report the progress of the action and its impact on the speciesto the
Service as specified in the incidentd take statement (50 CFR, 402.14(1)(3)).

55.1 Levd of Take
The Service has developed the following incidenta take statement based on the premise that the

RPA will beimplemented. The Service anticipates that incidentd take of Higgins: eye will occur
between issuance of thisbiologica opinion and complete implementation of the RPA, aswdl as,
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for ashort period following implementation of the RPA (perhaps a5 to 10-year period). During
this period, zebramussas will continue to adversdly affect Higgins eye in the UMR mainstem,
and, to alesser extent, in the S. Croix River aswell. Incidentd take will occur in the form of
harassment (e.g., competition for food, locomation imparment) and harm (e.g., suffocation,
darvation). Based on current zebramussd dendties, we anticipate al UMR Higgins eye
essentiad populations, except the Orion population, could be harassed or harmed during this
interim period. In afew of these areas, adverse impacts could lead to complete loss of
recruitment and subgtantid mortdity.

Incidenta take will be difficult to detect and monitor, however. Thereasonsfor thisare as
follows. Firgt, changes to fitness parameters (e.g., decreased recruitment) often are not
manifested in ayear or two but rather over severa years (eg., 5to 10 years). Thisisespecialy
true for speciesthat occur at low dendties. Second, detection of impaired or recently morbid
goecimensis unlikely given the low abundance of Higgins: eye. Third, the normd variance in
Higgins eye population trend is great, a consequence of low dengties, and thus, identifying a
declining trend over such ashort time-frame is problematic. We believe, however, theleve of
take can be monitored by observing the population trends of other native freshwater mussels and
zebramussd dendties. At high infestations, the differences in mussdl susceptibility to mortaity
and stress from zebramussas are likely minor (Corps 1999). If other native co-habitant species
are reduced by zebramussds, it isaso likdly true for Higgins eye. Thus, the generd leve of
Higgins eye take can be determined by monitoring the trend of the co-existing mussal community
and the concurrent trend of zebramussels.

Although we suspect that nearly al reproductive potentid will be lost and that mortdity could be
Subgtantia in some Essentiad Habitat Areas during this interim period, we do not anticipate that
recruitment will be impaired or that mortaity will be sgnificant in the following four Essentia
Habitat Areas. Interstate Park, Hudson, Prescott, and Orion. Based on population monitoring at
Prairie du Chien (at Prairie du Chien, naturd dengty fluctuationsin the native mussel community
were typicaly less than 50 percent of mean values), we anticipate that the native mussd diversity
and dengity should not decline by more than 40 percent and that zebra mussel density in these
four areas will not exceed 6000/, adengty at which native mussel impacts have been
observed (Cope et al 1997), within the next 8 to 10 yearsin any of the four Essentia Habitat
Aress identified above.

We bdlieve that this anticipated interim level of take due to zebra mussd infestation is unlikely to
jeopardize the continued existence of Higgins eye.  Zebra mussels obtain greater abundance in
areas of high native mussd densities. Thus, zebra mussel occurrence (and consequently, adverse
impacts) islikely to be grester in areas supporting high density mussdl beds, i.e,, Essentid
Habitat Aress. Itis, therefore, unlikely that resdual populations occurring outside these Essentid
Habitat Areas will be substantially impacted during this 8 to 10-year period. Although the
majority of take will be concentrated in Essentid Habitat Areasin the UMR and thistake is likely
to include a substantia reduction in recruitment, it isunlikdy that dl individuas within these areas
will belost during thisinterim period. Hence, throughout the implementation phase of the RPA,
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Higgins eye populationsin the UMR are likely to persst and future reproductive potentid will
likely be maintained. Furthermore, based on recent surveys, zebramussel densities are much
lower in the upper pools (above Lock and Dam 3) and are unlikely to have sgnificant adverse
impacts to Higgins: eye populations in such areas during this time-frame. Thus, an upstream
source for re-colonization and augmentation will persst. Ladtly, following implementation of the
RPA, relocated populations will provide additiona sources of specimens to replenish once
infested Essentid Habitat Areas. In short, the impact of the anticipated take will be marked but
the effects will be short-term and mitigated following implementation of the RPA.

In addition to impacts associated with zebra mussels, continued operation and maintenance of
the project may result in the take of Higgins: eye from specific channd maintenance activities
such as dredging and modification of channe control structures. However, this programmetic
biologica opinion does not authorize any incidenta take associated with such channel
maintenance activities that may occur. These actions will require further Section 7 review.
Although the level of anticipated incidenta take from these actions is currently unknown, we
believe such take will not riseto the level of jeopardy. Thereasonsfor thisare (1) in most
ingtances, such projects will occur in the main navigation channd, and thus, will not affect
Essentid Habitat Aress, (2) such projects will have localized effects affecting only afew
individuals, and (3) as the specific locations and project descriptions are developed and undergo
Section 7 review, measures further minimizing the impacts of any such incidentd take will be
required and implemented.

5.5.2 Reasonable and Prudent Measures

The measures described below are non-discretionary, and must be implemented by the agency
for the exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to implement the
activity covered by thisincidenta take statement. If the Corpsfails to adhere to the terms and
conditions of the incidental take statement, the protective coverage of Section 7(0)(2) may lapse.

The Service bdieves the following Reasonable and Prudent Measures (RPM) are necessary and
gopropriate to minimize take of Higgins eye:

1. Implement amonitoring program for Higgins eye and other unionidsin the UMR,

2. Investigate and implement opportunities to protect live Higgins eye individuas within Essentid
Habitat Areasin the UMR during the interim period between issuance of the biologica
opinion and implementation of the RPA,

3. Deveop and implement an action plan to monitor abundance and digtribution of zebra
mussdls on the Upper Missssppi River Sysem (UMRS,; navigable portions of the UMR,
[llinais, Black, Lower Minnesota and Lower . Croix Rivers, Lower Wisconsn River, and
the Upper St. Croix River upstream of Taylors Falls, Minnesota). This should include
continuing the monitoring of zebramussd impactsto Higgins eye a the Prairie du Chien

-121-



Essentid Habitat Area. These studies are currently being conducted by personnel from the
Corps of Engineers Waterways Experiment Station (WES) and are critical to understanding
zebramusse impacts to native species.

5.5.3 Terms and Conditions

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 reasonable and prudent measures described
above and outline required reporting/monitoring requirements. These terms and conditions are
non-discretionary.

1

In monitoring Higgins: eye and other native mussd populations, assessments will include
esimates of dengty, recruitment and genetic variability among populaionsin Essentid Habitat
Areas aswell as secondary habitats identified in the Higgins Eye Pearlymussel Recovery Plan
(Hornbach 1999). Annud reports on the findings of this effort will be provided for gpprova
to the Field Supervisor, U.S. Fish and Wildlife Service, 4101 East 80" Street, Bloomington,
Minnesota, 55425-1665.

. In developing and implementing the feasible provisions of a plan to protect live Higgins eye

individuas within Essential Habitat Areas, the Corps may involve an
interdisciplinary/interagency effort designed to determine the most efficient and cost effective
combination of methods and measures to protect Higgins: eyeindividuds at Essentia Habitat
Areas downgtream of the St. Croix River and Wisconsin River (Hornbach 1999). Annua
reports on the findings of this effort shal be provided for gpprova to the Field Supervisor,
U.S. Fish and Wildlife Service, 4101 East 80" Street, Bloomington, Minnesota, 55425-
1665.

. The zebramussd monitoring effort will aso include ng the ongoing effects of zebra

mussd densties on Higgins: eye and other native mussasin the 10 Essentid Habitat Arees
and secondary habitats (Hornbach 1999). The plan will dso evauate dispersal of zebra
mussd veligers, and develop models to determine source populations and population
dynamics of zebramussds on the UMRS. The action plan will include a specific plan for the
Lower S. Croix River and Lower Wisconsin River that would avoid or minimize colonization
by zebramussdls. Annua reports on the findings of this effort shal be provided for approva
to the Fidd Supervisor, U.S. Fish and Wildlife Service, 4101 East 80" Street, Bloomington,
Minnesota, 55425-1665.

. The Sarvice bdieves that dl Higgins eye essentia populations may experience some

incidental take as aresult of the proposed action. However, thisincidental take will be
difficult to detect and monitor. Asan indicator of Higgins: eye take, we bdlieve that no more
than a 40 percent decline in the native mussel dengities will occur and that zebra musse
densities will not exceed 6000/n in any of the four currently uninfested Essential Habitat
Areas during the interim period. The reasonable and prudent measures, with their
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implementing terms and conditions, are designed to minimize the impact of incidenta teke that
might otherwise result from the proposed action. If, during the course of the action, thislevel
of incidentd take is exceeded, such incidental take represents new information requiring
reinitiation of consultation and review of the reasonable an prudent measures provided. The
Federd agency must immediately provide an explanation of the causes of the taking and
review with the Service the need for possible modification of the reasonable and prudent
MeasUres.

5.6 Consarvation Recommendations

Section 7(a)(1) of the Act directs Federd agenciesto utilize their authorities to further the purposes
of the Act by carrying out conservation programs for the benefit of endangered and threatened
gpecies. 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 to develop information.

1. Conduct afeasibility andyss usng the traditiona Corps planning process to enhance the
opportunity for fish passage at locks and dams for species of fish that are hosts of the L.
higgins glochidia Implement feasible measure(s). Existing locks and dams are semi-
permesble barriers to fish movement between navigation pools on the UMR. Water control
gates at Lock and Dam 5 areraised out of the water |ess frequently than other navigation
dams on the UMR in the &. Paul Didtrict. There has been only onelive L. higgins found in
the UMR upstream of Lock and Dam 6 (Pool 1in 1993; Cawley 1996). Since upstream
expangonof L. higging is dependent on transport of glochidia by host fish species, exigting
locks and dams are regtricting the upstream distribution of L. higging. Priority should be
given to locks and damsin the . Paul Didrict. Exigting data indicate the mgority of the
population of L. higgins inthe UMR occurs in Pool 10 and downstream areas (Cawley
1996). Enhancing fish passage a Locks and Dams 9, 10 and upstream sites may increase
the number of host fish carrying glochidia to the upper navigation pools.

2. Implement a public outreach effort, in coordination with the Service and other resource
agencies, as ameans to disseminate information on life history and digtribution of zebra
mussals, ecologica importance of native mussals to include Higgins eye, control measures to
limit the spread of zebra mussels on the UMR and tributaries, and status of mussel relocation
efforts.

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or
benefitting listed species or their habitats, the Service requests notification of the implementation of
any conservation recommendations.
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6.0 Winged mapleleaf mussel
6.1 Status of the Species

The winged mapleleaf was listed in 1991 as endangered because (1) the species has been
eiminated from nearly dl of itsorigind 11-gate range and a listing was known from only one
population adong a 13-mile segment of the S. Croix River, (2) its population was smal and
therefore vulnerable to catastrophic stochastic events, such astoxic spills or low water leves, (3) its
reproductive success was threatened by itslow population, and (4) changesin land use practicesin
the watershed were anticipated because the watershed is close to a growing metropolitan area
(USFWS 1997). The plan recognized zebra mussels as a grave potentia threat. Zebramussels are
repeatedly found on recregtiond boats entering the &. Croix River from the Missssppi River and
the reduction of the threet of zebramussel invasion isapriority to the Winged Mapleleaf Recovery
Team (USFWS 1997); for these reasons zebra mussalsisamagjor concern to the well-being of the

winged mapldledf.

Littleis known of the details of winged mapldesf reproduction, feeding ecology, and specific habitat
requirements (USFWS 1997). The brooding period for winged mapleleaf was presumed to be late
May to the middle of July (Baker 1928). Recent investigation, however, reveded the brooding
period of winged mapleleaf extended from about mid-September to mid-October in the St. Croix
River (Heeth et al. 1999). Hove et al. 1999 have begun laboratory studies to determine the host
fish species for winged mapleleaf. 1n 38 trids on 29 fish species and on one species of mudpuppy,
no species were found to provide complete winged mapleesf glochidia metamorphosis. Recently,
two glochidia successfully were released from a channd catfish in the laboratory (Hove 2000).
However, the host glochidid species for winged maplelesf remains unknown.

Much research on habitat requirements of the remnant St. Croix River population has been done
during the last decade. Winged mapleleaf occursin riffleswith clean grave, sand, and rubble
substrates in rivers with clear water (USFWS 1997). It was found to be most abundant in shallow
areas with fast current. Hornbach et al. (1995a) reported winged mapleleaf occur at an average
depth of 3.0 ft (0.93 m), ranging from 1.4 t0 6.2 ft (0.42 to 1.9 m). Winged mepldesf are
associated with three mussal species, deertoe (Truncilla truncata), monkeyface (Quadrula
metanevra), and fawnsfoot (Truncilla donaciformis) (Hornbach et al. 1996). Hornbach et al.
(1995b) concludes winged mapldesf isonly found in habitats that are generdly high qudity hebitats
for other mussd species. They dso found congderable variation in flow conditions where winged
mapleleaf occurred. Water velocity ranged from 0.13 ft/s (0.04 mi/s) to 1.12 ft/s (0.34 m/s) with a
mean of 0.58 ft/s (0.178 m/s) (Hornbach et al. 1995a).

Higtoricaly, winged mapleleaf was found in 34 rivers across 12 sates from Ohio in the east to
Kansasin the west and south to Oklahoma (USFWS 1997). Thereis uncertainty over its
occurrence in Oklahoma due to unresolved taxonomic classification; however, it has been reported
asanew gate record in the Ouachita River, Arkansas (Posey et al. 1996). The range of the
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winged mapleleaf has been reduced by more than 90 percent. Factors that may have contributed to
its decline include predators (e.g., muskrat, mink, raccoons, turtles, and waterbirds), disturbances
(eg., illegd harvest for consumption or bait, swimming, wading, physca disturbance of substrate
from recreational and commercia boating), competitors (e.g., interspecific competition for
resources), parasites, and disease. The winged mapldeaf, due to its Sngle, small geographicaly
extant population in the St. Croix River, is particularly vulnerable to sochastic events such aslow
water leves, toxic spills, or climatic episodes (USFWS 1997).

Currently, the winged mapleleaf population is known only in a 12.4 mile (20km) stretch of the St.
Croix River from the hydropower dam at St. Croix Fals south to Osceola, Wisconsin (RM 44 to
RM 52) (Hornbach et al. 1998; USFWS 1997).

The S. Croix River, bounded dong part of its length by the sates of Minnesota and Wisconsan,
beginsin Wiscongn and flowsin a southerly direction for 154 miles until it joins the Missssppi
River a Prescott, Wisconain. Theriver forms part of the &t. Croix Nationd Scenic Riverway,
administered by the Nationd Park Service, and the Lower St. Croix Nationad Scenic Riverways,
administered by the Minnesota and Wisconsin Departments of Natura Resource in partnership with
the Nationa Park Service. Theriver is unique because it has its complete native mussdl fauna of 40
gpecies, which includes 13 Wisconsin and 17 Minnesota threatened and endangered mussals
(Hornbach et al. 1995a).

In recent years, recruitment to the population has been low and the last large cohort recruitment was
in 1987 (Heath 1999). On September 24, 1997, one gravid femae was found among
gpproximately 250 winged maplelesf's collected and examined in biweekly surveysin summer and
fdl of 1997. The glochidiain the femade wereimmature, suggesting late September was the
beginning of winged mapldeaf's brooding period. Winged mapldesf would be unusud in having a
September-October brooding period as dmost adl other members of the winged maplelesf's
subfamily brood in spring and early summer (Corps 1999). The glochidid host fish for winged
mapleleaf is unknown, but may be amember of the catfish family, based on known glochidid host
fish of other Quadrula species (USFWS 1997).

A recent threet to winged mapleleaf comes from zebra mussels (Dreissena polymorpha),
freshwater mussdls native to the Black and Caspian Seas. Zebra mussals were introduced into
Lake Eriein the late 1980s from ship balast water discharge (Benson and Boydstun 1995). The
gpeciesis now reproducing and invading North Americas lakes and rivers, including the Missssppi
River.

6.2 Environmental Basdine
This section is an andlyds of the effects of past and ongoing human and naturd factors leading to the
current status of the species, its habitat, and ecosystem within the action area. The purposeisto

andyze the effects on the species at the action level. Factors affecting the species include recreetion
and exotic species.
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Currently, the speciesis known from one locdity, the St. Croix River between St. Croix Falsand
Osceola, Wisconain.

6.2.4 Recreation

There is evidence that recreetiond boats (paddlewhed boats and smaller motorboats) may have
caused significant locdl disturbance to mussdl beds by physicd disturbance of the substrate and
by enabling boaters access to otherwise isolated mussel beds (USFWS 1997). There hasdso
been consderable wading and swvimming activity in the vicinity of the mussal beds where winged
mapleleaf are known to occur. People have been observed collecting mussels at some beach
gtes, indiscriminate collections may have included winged maplelesfs a some locations (Whiting
2000). Currently, the NPSis consulting with the Service during the development of the Draft
Cooperative Management Plan Environmental Impact Satement; Lower . Croix
National Scenic Riverway (Nationa Park Servicel1999).

6.2.5 Exotic Species

Of mgor concern to the well being of musselsin generd, and winged mapleledf in particular, was
the introduction of zebra mussds to the Missssppi River. Zebramussdls have been found
throughout the Missssippi River and have the potentid to kill or otherwise iminate native
mussdls, induding winged maplelesf.

Adult zebra mussdls attach themsalves by byssal threads to hard substrates including rocks,
native mussels, wood, aquatic plants, and other zebramussds. Zebramussels may aso colonize
soft subgtrates, such as aquatic vegetation or soft mud (Whitney et al. 1996). They aso attach
to man-made materids including fiberglass, iron, plastic, concrete, and other surfaces (Corps
1992). Mde zebra mussdls release sperm directly into the water to fertilize eggs released by the
femae zebramussds. Large femaes can release up to one million eggs per season (Corps
1992). Eggs are released when water temperatures reach 52-54 °F. Immeature zebra mussels
(veligers) spread via passive drift on water currents.  Adults and veligers attach to boat hulls,
lower power drives, trim tabs, wet compartments, containers, and submerged boat equi pment.

Zebramussdls affect other mussels by competing for food and by attaching to mussdsin such
numbers that infested mussels cannot travel or burrow. When infested by gpproximately 100 or
more zebra mussels, native mussals can neither open their shells to properly respire, feed,
burrow, or move, nor can they close their shellsfor protection. Zebramussels can build up on
native mussdls in such numbers that waves and currents can didodge native mussels from the
Subgtrate. Recent observations suggest infested native mussals may remove themselves from the
ubstrate to escape zebra mussals (Miller 1995). Any of these impacts, Sngly or in combination,
can kill theinfested mussd. Recregtiond and commercid water craft are the main vectors of this
species throughout inland waters, while passve drift of veligers and juveniles facilitates
downstream dispersal.
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Zebramussdls reach a maximum length of about two inches, and hundreds of thousands can
colonize a square meter. Up to 10,000 zebra mussdls have been counted on asingle native
mussel (Corps 1992). In Michigan's Lakes Erie and St. Clair, where zebra mussals have existed
for severd years, native mussel populations have been devastated, and in some areas eradicated
(Masteller and Schloesser 1991, Gillisand Mackie 1991). Gillisand Mackie (1991) found a
positive correlation between large increases in the average number of zebra mussels attached to
native mussd shells and adecline in live native mussd numbersin Lake S. Clair. They dso
found approximately 2,000 zebra mussdls on a native mussd shell occluded the sphon region
completely, affecting the infested mussdl's ahility to filter. Colonization rates of gpproximatey
0.4 to 1.0 g of zebramussels per g of native mussel (dry mass) were recorded in native mussals
immediately before extirpation of native mussels from the Canadian side of the Detroit River
(Ohnesorg et al. 1993).

Zebramussals may have greater impact on some native musse pecies than others, dthough this
isnot conclusve. Haag et al. (1993), in atest of 9x species, found species in the Anodontinae
subfamily to be the most sengitive to zebra mussdls, followed by Lampsilinae and Ambleminae.
Winged mapldeaf isamember of the subfamily Ambleminae. Hunter et al. (1997 and
references within) aso found some species to be more sengtive than others. Giant floater
(Anodonta grandis) was the most sengitive, followed by fragile papershell (Leptodea fragilis),
fatmucket (Lampsilis siliquoidea), pink hedsplitter (Potamilus alatus), and black sandshell
(Ligumia recta).

Zebramussels werefirgt discovered in Lake St Clair in 1988 and in dl the Great Lakesin 1989.
The first zebramussd collected from the Mississppi River was taken in 1991, south of La
Crosse, Wisconsin (Corps 1999). Thefirst discovery of zebra mussals on recreationa boatsin
the St. Croix River wasin 1994. Every year since 1994, boats have been observed with zebra
mussels attached. During dive surveysin 1999, 32 boats checked had zebra mussels attached
(Karns 2000). During the same sampling period, 51 live zebra mussals were found in the S
Croix River. Zebra mussdas have been found attached to native mussels, rip rap, rock, refuse,
and bridge piers. Currently, the &. Croix River remains uninfested by zebra mussels despite
these incidents of zebra mussels on the river substrate, on native mussels, or on boats.

The Wisconan Department of Naturd Resources (WI DNR) and Illinois Naturd History Survey
have conducted surveys of zebra mussd veigers from the mouth of the St. Croix River
(Benjamin per comm 1999). In 1998, no veligers were found coming from the &. Croix River,
indicating it did not support a reproducing population of zebramussalsin 1998. During August
1999, the WI DNR conducted another veliger survey in the St. Croix River and found 17
veigersin a sample taken from the mouth of the river just downstream of the railroad bridge a
the City of Prescott. The veliger dengity was 0.189 veligers per liter with abimoda sze
digtribution (Benjamin per comm 1999). Few vdigers, however, were found upstream of Lock
and Dam 3 compared to downstream areas. Surveys by Corps and Service biologistsin 1998
and 1999 confirmed the presence of significantly fewer adult zebra mussdls upstream of Lock
and Dam 3 (Y ager 1999).
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Once firmly attached, adult zebra mussels can withstand water velocity up to approximeately 6
ft/sec (1.8 m/s) (Claudi and Mackie 1994). They appear adapted to lotic conditions, but when
the complete life higtory of zebramussdsis congdered, itslotic (flowing water) adaptability is
doubtful. Successful lotic mussals have internd fertilization, the femaes holding eggs in marsupid
chambersin ther gills, where the eggs are fertilized, and where devel opment proceeds to the
glochidid stage. The glochidia are released, attach to fish, develop, metamorphose, and drop
from thefish to the river bottom. Reliance on externd fertilization and planktonic larvae is not
typica of mussalsin lotic environments. Native mussdls have possble advantages over zebra
mussdlsin ther ability to bury into the subgtrate: longer life span, possibly greeter energy
reserves, thicker shells, and reproductive strategy suited for lotic habitats. The concern for the
negative effects of zebra mussas on native riverine mussels may not be fully redized, as was the
case with the Adan clam (Miller and Payne 1996), but thisis by no means clear.

Strayer (1991) concluded zebramussals do not exit in riversless than 30 m (98.4 ft) wide.
Lakes and run-of-river-reservoirs dong large rivers are the primary habitats of zebra mussels.
Hunter et al. (1997 and references within) showed zebra mussdl settlement is restricted by water
velocity. Settlement is most successful in dow-moving water (<10 cm/s) (3.9 in/s), and, within
veocity refuges from even such dow-moving water. Successful colonization of smaller river
systems by zebra mussals may depend in part on lakes, large pools, and impoundments aong the
river's course where reproducing groups of zebra mussdls can establish (Hunter et al. 1997).
Impoundments dong asmadler river enhance conditions for successful zebramussd colonization,
but the overdl susceptibility of such ariver to heavy infestaion by zebramussasislower than for
lakes and for long, low-ve ocity sections of largerivers. However, S.J. Nichols (date
unavailable) reported that zebra mussel adults are attracted to water current and will colonize
areas with water velocities up to 6.6 ft/s (2 m/s). He also reported that water velocities over 6.6
ft/s (2 m/s) discourage the settling of veligers.

Zebramussds disperse by three natural mechanisms (water currents, birds, and other animals)
and 20 human-related mechanisms (Carlton 1993, Schneider et al. 1998). Johnson et al.
(1994) reported that dthough waterfowl can trangport zebra mussels, the actua numbers of
zebramussels moved by ducks were quite low (0 to 0.25 zebra mussel 'duck) and thus
waterfowl do not represent a rapid means of spreading zebra mussels between bodies of water.

Human mechanisms are preponderantly important in the upstream and overland transport of
zebramussels and larvae. Carlton (1993) suggests zebra mussels on boats and other movable
substrates leads to rapid "hopscotching” over suitable habitat, with Abackfillingd likely to occur
later. It isuncertain to what extent these introductions lead to infestation. Johnson and Carlton
(1992) gtate: 1) the introduction of only afew zebramussdls creates alow probability that a sdif-
sustaining population will develop, 2) repeated introductions into awater body could be required
for an outbreak, 3) overland transport requiring extended surviva of mussals out of water is
rardly successful, and 4) it is difficult to predict when invasion will occur, despite the high
likelihood of eventuad zebramussdl invasion -- it could require decades. Schneider et al. (1998)
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developed atransportation mode for usein Illinois and found that the risk of spread of zebra
mussdl's depends on the number of boat trips from infested waters, which in turn depends on the
distance from an infested water, boat use at the Ste, and the position of alake within ariver
system. They determined that the invasion of inland lakes and reservoirsin lllinois was predicted
to occur firgt at areas of high boat use close to currently infested waters.

Zebra mussels have been documented to spread via divers through their gear (Kraft 1995,
1996). Hefound three inland lakes known to be colonized by zebra mussdsin quarries
frequented by divers. Kraft (1994) also reported that a 20-acre quarry, only few miles overland
from Lake Michigan and frequented by divers near Racine, Wisconain, had been infested with
zebramussds. The quarry has no public boat launch.

Native mussdls vary by species and Sze in their susceptibility to mortaity and stress from zebra
mussdls, but these digtinctions probably do not matter at high infestations. Winged maplelesf is
rare and sparsely distributed and may, therefore, be more vulnerable to harm from high zebra
mussdl infestations than are more common mussel species. Potential zebra mussd affect on
winged mapleleaf  reproduction was addressed in winged mapleleaf population and habitat
viability report (Kjos, et al. 1998). The report, in discussng computer smulated zebra mussdl
infestation, stated that the most profound risk faced by this remnant population appearsto be an
infetation by zebramussds. Direct impacts on femade fecundity and adult mortdity of this
[smulated] infestation cause affected populations to decrease rgpidly toward extinction following
the introduction of zebra mussds into winged mapleleaf habitat.

6.2.7 Summary

The range of the winged mapleeaf has been reduced by more than 90 percent; the speciesis
presently known only in the St. Croix River. In 1991, the species was listed as endangered because
it had been diminated from nearly dl of its origind range, its population is vulnerable to catastrophic
stochagtic events, its reproductive success is threatened by its low population numbers, and
anticipated changes in land use practices within in the watershed are anticipated. Recregtiona
activities, such as tour-boating, wading, and direct handling, are having minor adverse effects to
winged mapleleaf. A recent threat to native mussas comes from zebramussels. Dense zebra
mussel colonization on native mussels has saverdly impacted native mussel communitiesin the
Missssppi River. Consequently, zebramussels are amgor concern to the well-being of the

winged mapleledt.

6.3 Effects of the Proposed Action

This section includes an analysis of the direct and indirect effects of the proposed action on the
gpecies and itsinterrelated and interdependent activities.

6.3.1 Direct Effects
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The Biologica Assessment (Corps 1999) was used in our assessment of project effects on
winged mapldeaf. We aso used information and observations of the Winged Mapl el eaf
Recovery Team in determining effects of the Proposed Action on the species (Hornbach 1999).

Our assessment of direct effects to winged mapleeaf from continuing operation and maintenance
of the 9-Foot Channel Project for an additional 50 years included the following parameters.

6.3.1.2 Maintenance of the 9-Foot Channd Project
6.3.1.2.3 Clearing and Snagging

Clearing and snagging could affect winged mapldeaf through disturbance of bottom
subgtrate and by stimulating premature release of glochidia Snag remova on the . Croix
River, however, is conducted only when requested by the National Park Service because of
itswild and scenic river status (Corps 1996) and has not been performed in the past 20
years. 1n 1972 the Lower St. Croix Nationa Scenic Riverway was established on the St
Croix. The Corps does not anticipate snag remova on the St. Croix during the next 50
years (Corps 1999); we therefore do not anticipate mgor adverse impacts. Should the
Nationa Park Service request snag removal, consultation would be initiated with the Fish
and Wildlife Service prior to any snag removd.

6.3.2 Indirect Effects

6.3.2.1 Navigation Related Indirect Effects
6.3.2.1.1 Tow Traffic

Commercid bargetraffic isinvolved in the transport and replenishing of zebra mussel
populations at upstream locations (Carlton 1993, Keevin et al. 1992). Recently,
commercia barge traffic has occurred during the 1-94 bridge construction project, the
congruction of the City of Stillwater levee project, and for the Lake Malldieu dam
rehabilitation project. For al of these projects, the action agencies have consulted with the
Service regarding the impacts to Higgins: eye and winged mapldeaf. The impact of zebra
mussdls on winged mapleedf is discussed under exotic species.

6.3.2.1.3 Port Facilities

Thereis one commercid port facility on the St. Croix River. Northern States Power
Company (NSP) owns and operates the King generating plant near the City of Stillwater,
gpproximately 22 miles downriver of winged maplelesf area. The port facility is no longer
active and NSP is congdering removing the barge docking and unloading facility as part of a
bridge project being funded by the Minnesota Department of Transportation. Except asa
possible zebra mussdl infestation source for further spread, the port facility and port
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operations should have no affect on winged maplelesf.
6.3.2.1.4 Exotic Species

The proposed project makes possible large-scale commercia barge transportation on the
Missssppi River. But for the project, there would be no commercia barge navigetion. But
for the barge traffic, there would be no continuous, large-scale trangport and replenishment
of zebramusselsin the Mississppi River mainstem. Furthermore, the proposed project dso
provides idedl habitat for zebramussd colonization (Corps 1999). Zebra musse
colonization seems most successful in dow-moving water. The operation and maintenance
of the 9-foot channd project provides these ideal dow-moving water conditions. Thus, the
proposed project ensures the zebra musseks persstence in the UMR-mainstem.

Currently, zebramussels have not infested the St. Croix River, dthough they continue to be
found on rock and artificid substrate a extremdy low dengties. Zebra mussels are brought
into the &. Croix River viarecregtiond boats from the Missssippi River despite Minnesota
and Wiscongn gtate laws prohibiting the transport of zebramussdsinto the St. Croix River.
Thus, but for the continued persistence of zebra mussdls in the UMR-mainstem, continued
transport of zebra mussalsinto the St. Croix River would not likely occur.

Although commercid barges are the overwhelmingly preponderant carrier of zebramussals
in the Mississippi River maingtem, recregtiond traffic aso facilitates the soread of zebra
mussdls throughout the system and to other tributaries. Barges have larger submerged
surface areas than recreationa craft for mussel attachment; they remain for long periodsin
the water (exposure and attachment time), they travel long distances within the Mississppi
River, from below Lock and Dam 26 to the head of navigation in Minnegpolis, Minnesota;
and they travel within and downstream of the Illinois River, a constant source of zebra
mussels from Lake Michigan to the Missssppi River. For these reasons, commercia barge
traffic appears more important than recreationa vessd traffic in the transport and
maintenance of zebra musselsin the Missssppi River.

Asthereisno regular commercid barge traffic on the . Croix River, the most likely
vector for zebramussd occurrence in the St. Croix River isrecreationa boat traffic.
Although the recreationd boat traffic is not as effective as commercid barge traffic in
fecilitating zebra musse spread, a trangportation modd risk assessment of zebra mussal
spread (Schneider et al. 1998) suggested that the St. Croix River may ill be at risk of
zebramussdl spread. Given the persstence of zebra mussalsin the Upper Mississppi River
mainstem and the movement of recreationd traffic between the Upper Mississppi River
maingtem and the S. Croix River, we bdieveit islikely that recreationd traffic will continue
to spread zebra musselsinto the . Croix River, but it is not likely that this vector alone will
result in zebramusse infetation. In addition to alack of acontinuous source of zebra
mussels from barge traffic, the Nationd Park Servicess boater check station at RM 30 will
gregtly minimize the likelihood of zebra mussd infestation in the &. Croix River. Thelow
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dengties of zebramussel occurrence in the . Croix River to date, relative to the recent
zebramussd trends in the Upper Missssippi River mainstem, support this contention.

As previoudy explained, exotic Soecies infestations resulting from human introduction could
impact winged mapleleaf by direct mortaity and by chronic impacts.

The likelihood for another exatic species invading the Mississppi and S. Croix riversis high
and the degree of impact upon the native faunais impossible to determine, but it is probably
negative. One speciesthat could impact winged mapleesf in the same fashion as the zebra

muss is the quagga mussd (Dreissena bugensis). Quagga mussdls have been spread into
Lakes . Clair, Lake Ontario, and Lake Eriein asmilar way to the zebramussal. Morton

(1997) predicted zebra mussels will spread to the uninfested rivers of North America having
suitable water quality and subgtrate, the only question being how soon.

6.34 Interdependent Effects

An interdependent activity is an activity, not part of the proposed project, that has no
independent utility gpart from the proposed action under consideration.

6.3.4.2 U.S. Coast Guard (USCG) Buoy Tending

A potentid impact of buoy placement and maintenance by USCG s the transport of zebra
mussdls into previoudy unoccupied habitat; USCG buoy tending vessdls entering the S
Croix River from the Missssppi River would very likely carry zebramussds from the
Missssippi into the &. Croix. This could facilitate the establishment of a zebra mussdl
population in the St. Croix River. However, on September 31, 1999, a Service
representative met with representatives of the U.S. Coast Guard and other Federd, State,
and loca stakeholders regarding the maintenance of navigation aidsin the St. Croix River.
The USCG agreed to replace the existing heavy metd buoys with lighter easy-to-service
buoys and with on-shore daymarkers. This action will preclude the USCG having to bring
zebra musse-infested cutters and work barges into the St. Croix River. Thus, buoy tending
isunlikely to grestly influence zebra mussd dengitiesin the &. Croix River, and therefore, is
unlikely to adversdly affect winged mapleedf.

6.3.5 Cumulative Effects

Cumulative effectsinclude the effect of future State, Tribd, locdl, or private actionsthat are
reasonably certain to occur in the action area consdered in this Biologica Opinion. Future
Federd actions unrelated to the proposed action are not considered in this section because
they will undergo separate consultation pursuant to Section 7 of the Act.

Cumulative effects will not be subject to future Section 7 review because no Federd actionis
associated with them. The Service knows of no projects reasonably certain to occur in the
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action areathat will produce cumulative effects. Residentia, industrid, and recreationa uses
will likely continue to increase on the St. Croix River and may negatively change habitat
conditions for winged mapldesf but the extent of this change is unknown.

6.3.6 Summary of Effects

The current conservation status of winged mapleleef is critical. Asonly one smal population
persgs, the species is vulnerable to even smal perturbations. Although there are other
adverse effects associated or concurrently occurring with the proposed action, including
recregtiond effects and effects from the operation of the NSP dam upstream, the primary
concern of the proposed project is continuation of the threat of zebra mussd infestation into
the St. Croix River. The proposed action ensures a continued source of zebra mussdls a the
confluence of the S. Croix and Missssippi rivers. Although the primary vector (barge traffic)
of zebramussd spread will not occur, recreationa traffic will continue to trangport zebra
mussdsinto the &. Croix. Thisis particularly more likely in the future as zebra mussdl
dengties continue to increase in the Upper Mississippi River maingem.

As explained previoudy, zebramussdas are maintained in the Missssippi River by the
conditions created from the operation and maintenance of the 9-foot channd project. The
proposed project's purpose is continued enablement of commercia barge travel on the
Missssppi River. Continued operation and maintenance of the 9-Foot Channd Project will
facilitate upstream trangport of zebra mussels by large vessels using navigation locks, thereby
continuing to replenish zebra mussalsin the Missssppi River mainstem and continuing to be a
source of zebramussels for the St. Croix River. Continued operation and maintenance of the
9-foot channd project aso facilitates maintenance of exigting populations of zebramussasin
navigation pools and lock chambers, which are more hospitable for zebra mussds than
unimpounded riverine conditions.

Zebramussels may affect winged mapleleaf by competing for food and impairing locomation,
respiration, and feeding. Thus, we bdlieve that the continued operation and maintenance of
the 9-Foot Channe project will adversaly affect individua winged maplelesf mussdls through
the indirect effects of zebramussel spread into the St. Croix River.

6.4 Concluson

After reviewing the current status of winged mapleleaf mussd, the environmenta basdine for the
action area and range of the species, the effects of the proposed action and the cumulative effects, it
isthe Services biologica opinion that the action, as proposed, is not likely to jeopardize the
continued existence and recovery of winged mapleleaf mussdl. No critical habitat has been
designated for this species, therefore, none will be affected.

As explained above, the primary concern to the well being of the winged mapleedf, isthe
introduction of zebramussdlsto the &. Croix River. Zebra mussels have been found throughout the
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Mississppi River, including the . Croix River, and thus, have and will continue to thresten winged
mapleleaf mussels. However, the &. Croix River remains uninfested despite ongoing incidents of
zebra mussels on the river substrate, on native mussals, and on boats. Undoubtably, zebra mussel
infestation into the &. Croix River would subgtantialy threaten the surviva and recovery of the
winged maplelesf. Thisisunlikely to occur, however

The upstream colonization of zebra musselsin rivers depends on an upstiream vector. Asthereisno
regular commercia barge traffic on the St. Croix River, the most likely vector for zebra mussdl
infestation of the St. Croix River isrecreationd boat traffic. Although a definite factor, recreationa
traffic is not an efficient vector in the spread of zebramussels. Furthermore, the distance between
the confluence with the Missssppi River and the winged mapleleaf population in the . Croix
River, and the zebramussel check stations greatly reduce the likelihood of zebra mussdl infestation
occurring in the upper St. Croix River. The steady rate of occurrence of zebramusselsinto the St
Croix River rdative to the Missssppi River mainstem supports this contention.

Based on the above, we bdieve it is reasonably certain that navigation pools and project-dependent
commercid barge trangportation will perpetuate zebra mussals persstence in the Missssppi River
mainstem, but it is unlikely that zebramussd densities will reech infestation levelsin the St. Croix.
Thus, the proposed project will not appreciably reduce the likelihood of recovery and surviva of

winged mapldledt.

6.5 Incidentd Take Statement

Section 9 of the Act and Federa regulation pursuant to Section 4(d) of the Act prohibit the take of
endangered and threatened species, respectively, without specia exemption. Takeis defined asto
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in
any such activity. Harm isfurther defined by the Service to include significant habitat modification or
degradation that resultsin deeth or injury to listed species by sgnificantly impairing essentid
behaviora patterns, including breeding, feeding, or sheltering. Harassis defined by the Service as
intentiona or negligent actions that create the likelihood of injury to listed species to such an extent
asto ggnificantly disrupt normd behavior patterns which include, but are not limited to, breeding,
feeding, and sheltering. Incidentd take is defined as take incidenta to, and not the purpose of, the
carrying out of an otherwise lawful activity. Under the terms of Section 7(b)(4) and Section

7(0)(2), take incidental to and not an intended part of the agency action is not considered prohibited
taking under the Act, provided such take isin 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 for the
exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to regulate the activity
covered by thisincidenta take statement. If the Corpsfailsto assume and implement the terms and
conditions, the protective coverage of Section 7(0)(2) may lapse. To monitor the impact of
incidenta take, the Corps must report the progress of the action and its impact on the speciesto the
Service as specified in the incidental take statement [50 CFR 402.14(1)(3)].
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6.5.1 Levd of Take

The Service anticipates that incidentd take of winged mapleleaf mussel from the proposed action
will be harassment and harm of winged mapldeaf from zebra mussels occurring in the St. Croix
River or itstributaries. Continued operation and maintenance of the 9-Foot Channel Project,
which includesthe . Croix River, for an additiond 50 years, will facilitate commercid
navigation for that time period. Commercia navigation will facilitate continued transport,
replenishment, and maintenance of zebra mussasin the Missssppi River maingem up to the
confluence of the St. Croix River. Although commercid barge traffic does not regularly occur in
the St. Croix River, recregtiond watercraft or other vessels entering and navigating the St. Croix
River from the Mississppi River provide an upstream vector for zebramussds. Asthereisa
likelihood that zebra mussds will be deposited near the winged mapleleaf population over the
next 50 years, incidental take will occur in the form of harassment (i.e., competition for food,
locomotion impairment) and harm (i.e., suffocation and starvation).

Incidentd take will be difficult to detect and monitor, however. The reasonsfor thisare as
follows. Firdt, changes to fitness parameters (e.g., decreased recruitment) often are not
manifested in ayear or two but rather over severd years (e.g., 5to 10 years). Thisisespecidly
true for species that occur at low densities. Second, detection of impaired specimensis unlikely
given the low abundance of winged mapldeaf. Third, the norma variance in population Sze may
be great, due to the low dengties, and thus, identifying a declining trend over a short time-frame
isproblematic. We bdlieve, however, thelevel of take can be monitored by observing the
population trend of zebramussd dengties.

Despite probable zebra mussal occurrence in winged mapleleaf habitat, we believe population
denstieswill not reach infestation levels as observed in the maingem of the Mississppi River.
As such, we do not anticipate persistence of zebramussd veigersin the water column or adult
zebramussdl dengties exceeding 10/m2 in the &. Croix River upstream of the Highway 10
bridge at Prescott, Wisconsin. The occurrence of either of these parameters would indicate the
presence of a reproducing population of zebra mussalsinthe . Croix River. If thiswereto
occur, incidenta take of winged mapleleaf mussals would greetly increase. Conversdly, the lack
of veligers and alow density of adult zebra musselsindicate that a reproducing zebra mussal
population is not established in the S. Croix River. Under this scenario, we anticipate incidental
take of aamdl number of individuas but not to the extent that population levd effects would
occur.

In addition to impacts associated with zebra mussels, continued operation and maintenance of
the project may result in the take of winged mapleleaf from specific channel maintenance
activities such as dredging and modification of channel control structures. As the Corps does not
anticipate any such activities to occur and as thisis a programmatic biologica opinion, incidental
take associated with future channel maintenance activities is not authorized. These actions will
require further Section 7 review.
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In the accompanying biologica opinion, the Service determined that this level of anticipated teke
isnot likely to result in jeopardy to the species or destruction or adverse modification of critical
habitat.

6.5.2 Reasonable and Prudent Measures

The measures described below are non-discretionary, and must be implemented by the agency
for the exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to implement the
activity covered by thisincidenta take statement. If the Corpsfailsto adhere to the terms and
conditions of the incidental take statement, the protective coverage of Section 7(0)(2) may lapse.

The Service bdieves the following reasonable and prudent measures are necessary and
gppropriate to minimize impacts of incidenta take of winged mepldeaf musse.

1. Deveop and implement an action plan to monitor and control the abundance and distribution
of zebramussels on the . Croix River.

2. Conduct awinged mapleleaf mussdl relocation feasibility anadysis and prepare a Winged
Mapleleaf Mussel Relocation Plan to address the feasihility of reducing incidenta take.

6.5.3 Termsand Conditions

To be exempt from the prohibitions of Section 9 of the Act, the Corps must comply with the
fallowing terms and conditions which implement the reasonable and prudent measure described
above and outline required reporting/monitoring requirements. These terms and conditions are
non-discretionary.

1. The action plan will include monitoring and controlling the abundance and didtribution of zebra
mussals on the St. Croix River. The action plan shall be provided for gpprova to Field
Supervisor, U.S. Fish and Wildlife Service, 4101 East 80th Street, Bloomington, Minnesota,
55425-1665 by April 30, 2002.

2. In developing and implementing the feasible provisons of a plan to protect live winged
mapledf individudsin the &. Croix River, the Corps may involve an interdisciplinary -
interagency effort designed to determine the most efficient and cost effective combination of
methods and measures. Annud reports on the findings of this effort shal be provided for
gpprova to Field Supervisor, U.S. Fish and Wildlife Service, 4101 East 80th Stret,
Bloomington, Minnesota, 55425-1665.

The Service bdieves that afew winged mapleeaf mussdswill beincidentaly taken as aresult of

the proposed project. However, thisincidenta take will be difficult to detect and monitor. As
an indicator of winged maplelesf incidentd take, adult zebramussa dengties will not exceed
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10/m2, and zebra mussel veligers will not persst in the water column upstream of the Highway
10 bridge at Prescott, Wisconsin. The reasonable and prudent measures, with their
implementing terms and conditions, are designed to minimize the impact of incidenta take that
might otherwise result from the proposed action. I, during the course of the action, thisleve of
incidentd take is exceeded, such incidentd take represents new information requiring reinitiation
of consultation and review of the reasonable and prudent measures provided. The Federa
agency must immediately provide an explanation of the causes of the taking and review with the
Service the need for possible modification of the reasonable and prudent measures.

6.6 Conservation Recommendations

Section 7(a)(1) of the Act directs Federd agenciesto utilize their authorities to further the purposes
of the Act by carrying out conservation programs for the benefit of endangered and threatened
gpecies. Conservation recommendations are activities to be conducted at your agency's discretion.
They are designed to minimize or avoid adverse effects of a proposed action on listed species or
critical habitat, to help implement recovery plans, or to develop information.

1. Implement public outreach effort, in coordination with the Service and other resource agencies,
as ameansto disseminate information on life history and distribution of zebra mussals, ecologica
importance of native mussdlsincluding winged mapldeaf, control measures to limit the spread of
zebramussdas on the Missssippi River and tributaries, and status of mussdl relocation efforts.

In order for the Service to be kept informed of actions minimizing or avoiding adverse effects or
benefitting listed species or their habitats, the Service requests natification of the implementation of
any conservation recommendations.

6.7 Literature Cited

Baker, F.C. 1928. The fresh water mollusca of Wisconan. Bulletin of the University of
Wisconsin, Serial No. 1527, Gen. Series No. 1301.

Benjamin, R. 1999. Personal communication. Biologist, Wisconsin Department of Natural
Resources, Wiscongn. Conversation with R.N. Rowse, biologist, Twin Cities Field Office, U.S.
Fish and Wildlife Service, Bloomington, Minnesota.

Benson, A.J.,, and C.P. Boydstun. 1995. Invasion of the zebramussd in the United States. In
LaRoe, E.T., G.S. Farris, C.E. Puckett, P.D. Doran, and M.J. Mac (eds.). Our living
resources. areport to the nation on the distribution, abundance, and hedlth of U.S. plants,
animals, and ecosystems. U.S. Department of the Interior, Nationd Biologica Service,
Washington, D.C. Pp. 445-446.

Carlton, JT. 1993. Dispersd mechanisms of the zebramussel (Dreissena polymorpha). In
ZebraMussdls Biology, Impacts, and Control. T.F. Nalepaand D.W. Schloesser (eds). Lewis

-142-



Publishers, Ann Arbor, Michigan. Pp. 677-697.

Claudi, R., and G.L. Mackie. 1994. Practica Manual for ZebraMussel Monitoring and Control.
Lewis Publishers, Ann Arbor, Michigan.

Gillis, PL., and G.L. Mackie. 1991. The effect of the exotic zebra mussd (Dreissena
polymorpha) on native bivalves (Unionidae) in Lake St. Clair. Presented at the 1991 Zebra
Mussdl Control Technology Conference, October 22-23, 1991. Chicago, Illinois.

Haag, W.R., D.J. Berg, D.W. Garton, and JL. Farris. 1993. Reduced surviva and fitnessin
native bivavesin response to fouling by the introduced zebra mussel (Dreissena polymor pha) in
western Lake Erie. Canadian Journal of Fisheries and Aquatic Sciences 50:13-19.

Heeth, D. 1999. Biologist, Wisconsin Department of Natura Resources, Wisconsin. Email
communication with R.N. Rowse, biologist, Twin Cities Fied Office, U.S. Fish and Wildlife
Service, Bloomington, Minnesota.

, R. Benjamin, M. Endris, D.J. Hornbach, J. Kroese, B. Miller, M.C. Hove, JE. Kurth, J.L.
Seracki, and A.R. Kapuscinski. 1999. Determination of basic reproductive characteristics of
the winged mapldeaf mussd (Quadrula fragosa) relevant to recovery. Preliminary Report No.
2. U.S. Fish and Wildlife Service, Region 3, Fort Snelling, Minnesota.

Hornbach, D. J., JG. March, and T. Deneka. 1995a. The potentia factors influencing the
digtribution of freshwater mussd communities within the &. Croix and Upper Missssppi Rivers
and the examination of factorsinfluencing the digtribution of Quadrula fragosa (Conrad) and
Lampsilishiggins (Led). U.S. Fish and Wildlife Service, Ft. Snelling, Minnesota.

, P. Baker, and T. Deneka. 1995b. Abundance and distribution of the endangered mussdl,
Lampsilis higging in the lower . Croix River, Minnesota and Wisconsin. Find Report to
U.S. Fish and Wildlife Service, Contract No. 14-48-000394-1009.

, J.G. March, T. Deneka, N.H. Troelstrup, Jr., and JA. Perry. 1996. Factorsinfluencing
the digtribution and abundance of the endangered winged mapleeaf mussel Quadrula fragosa in
the St. Croix River, Minnesotaand Wisconsin. Am. Midl. Nat. 136: 278-286.

, J. Kroese, and B. Miller. 1998. Examination the larval stage (glochidia) of the winged
mapleleaf musse (Quadrula fragosa). Find report to Nationa Park Service and Wisconsin
Department of Natural Resources.

Hove, M.C. 2000. Persond communication. Mussd researcher with the University of Minnesota,

S. Paul. Conversation with R.N. Rowse, biologist, Twin Cities Field Office, U.S. Fish and
Wildlife Service, Bloomington, Minnesota.

-143-



Hove, M. C., J. E. Kurth, J. L. Seracki, and A. R. Kapuscinski. 1999. Suitable host fishesfor the
winged mapldesaf (Quadrulafragosa): 1998 annud report. Submitted to U.S. Fish and Wildlife
Service Fidd Office, Bloomington, Minnesota. 6 pp.

Johnson, S.L. 1995. Instream flow requirements of Quadrula fragosa and the aguatic community
in the lower St. Croix River downstream of the Northern States Power hydrodectric dam at S
Croix Fals, Wisconsin. Minnesota Department of Natural Resources Report, 38pp.

Johnson, L.E., and J.T. Carlton. 1992. Counter-productive public information: the Noah fallacy
and mussel myths. Dreissena polymorpha Information Review 3:(3)2-6.

Johnson, L., M. Furman, and J. Carlton. 1994. The potentia overland dispersa of zebra mussels
by waterfowl. 4™ International Zebra Mussel Conference, March 1994, Madison, WI.

Karns, B. 2000. 1999 Zebra mussal response plan, fina report. Nationa Park Service, St. Croix
Nationa Scenic Riverway. 32pp.

Keevin, T.J, R.E. Yarborough, and A.C. Miller. 1992. Long-distance dispersal of zebra mussels
(Dreissena polymor pha) attached to hulls of commercid vessas. Journa of Freshwater
Ecology 7:437.

Kjos, C., O. Byers, P. Miller, J. Borovansky, and U.S. Sedl (eds.). 1998. Population and habitat
viahility assessment workshop for the winged mapleleaf mussd (Quadrula fragosa): Find
Report. Conservation Breeding Specidist Group, Apple Valey, Minnesota.

Kraft, C. 1994. New sghtingsin Wisconsin. ZebraMussd Update #22. University of Wisconsin
Sea Grant Indtitute.

Kraft, C. 1995. Divers suited for veliger transport. ZebraMussdl Update #23. University of
Wisconsin Sea Grant Indtitute.

Kraft, C. 1996. Decontaminating divers. ZebraMussel Update #28. University of Wisconsin Sea
Grant Indtitute.

Magdler, E.C., and D.W. Schloesser. 1991. Infestation and impact of zebra mussdls on the native
unionid population a Presque Ide State Park, Erie, Pennsylvania. Presented at the 1991 Zebra
Mussel Control Technology Conference, October 22-23, 1991. Chicago, Illinais.

Miller, A.C. 1995. Persond communication with G. Bade, U.S. Fish and Wildlife Sarvice, Rock
Idand Fdd Office, Rock Idand, Illinois.

, and B.S. Payne. 1996. Effects of increase commercid traffic on freshwater mussasin the
Upper Missssippi River. Find synthessreport. Technical Report EL-96-0. U.S. Army

-144-



Engineer Waterways Experiment Station, Vicksburg, Missssippi.

Morton, B. 1997. The aguatic nuisance species problem: A global perspective and review. In:
Zebramussdls and aquatic nuisance species. F.M. Dxltri (ed.). Ann Arbor Press, Chelses,
Michigan.

Nationd Park Service. 1999. Draft Cooperative Management Plan; Lower St. Croix Nationa
Scenic Riverway, Minnesota and Wisconsin.  324pp.

Nichals, SJ. date unavailable. Life history and ecological requirements of the zebra musse - North
American experience through 1992. Nationd Biologicd Survey. http://
Www.nsgo.seagrant.org/ research/ nonindigenous’ zmlifehistory.html.

Ohnesorg, K.L., R.D. Smithee, G.D. Longton, W.P. Kovaak, and D.W. Schloesser. 1993.

Impact of the zebramussel (Dreissena polymor pha) on native mussas (Unionidae) in the
Detroit River. Third Internationa ZebraMussd Conference. Toronto, Ontario. (abstract

only).

Posey, W.R., JL. Harris, and G.L.Harp. 1996. New distributiona records for freshwater mussels
in the Ouachita River, Arkansas. Proc. Arkansas Acad. Science., Vol. 50, pp 133-135.

Schneider, D.W., D.E. Ellis, and K.S. Cummings. 1998. A trangportation modd assessment of the
risk to native mussd communities from zebra mussd spread. Conservation Biology 12:788-
800.

Strayer, D.A. 1991. Projected distribution of the zebramussdl, Dreissena polymorpha, in North
America Canadian Journal of Fisheries and Aquatic Sciences 48: 1389-1395.

U.S. Army Corps of Engineers. 1992. Zebramussdls: biology, ecology, and recommended
control dtrategies. Zebramussd research technica note ZMR-1-101. U.S. Army Engineer
Waterways Experiment Station. Vicksburg, Missssippi.

. 1996. Channel maintenance management plan. St. Paul Didtrict.

. 1999. Biologica assessment for operation and maintenance of the Upper Missssippi River
Navigation Project within the St. Paul, Rock Idand, and &. Louis Didricts. Mississippi
Vdley Divison, Vicksburg, Missssppi.

U.S. Fish and Wildlife Service. 1991. Endangered and threstened wildlife and plants;
determination of endangered status for the winged maple eaf freshwater mussel. Federd
Register. 56(119): 28345-28349, June 20, 1991.

. 1997. Winged mapleleaf mussal (Quadrula fragosa) recovery plan. Ft. Sndlling,

-145-



Minnesota.

Whiting, R.J. 2000. Persond communication. Biologist, Wisconsin Department of Naturd
Resources, Wisconsin. Conversation with R.N. Rowse, biologist, Twin Cities Fidd Office,
U.S. Fish and Wildlife Service, Bloomington, Minnesota.

Whitney, SD., K.D. Blodgett, and R.E. Sparks. 1996. A comprehensive evaluation of three
mussel beds in Reach 15 of the Upper Missssppi River. 1llinois Natura History Survey
Aquatic Ecology Technica Report 1996(7). Reprinted as LTRMP 97-R022 by U.S.
Geologicd Survey, Environmental Management Technical Center, Ondaska, Wisconsin,
October 1997.

Yager, T.K., R. Skkila, T. Hemdtreet, K. Schroeder, E. Strand, R. Piel, R. Bauers, and B. Wolfe.
1994. Zebramusse monitoring 1994. . Paul Didtrict, Corps of Engineers. Unpublished

report.

Yager, T.A. 1999. Zebramussa monitoring 1999. St. Paul Digtrict, Corps of Engineers.
Unpublished report.

7.0 Bald Eagle
7.1 Status of the Species

This section presents the biologica or ecologica information relevant to formulating the biologica
opinion. Appropriate information on the species life hitory, its habitat and ditribution, and other
data on factors necessary to its survival, isincluded to provide background for analysisin later
sections. This andyss documents the effects of dl past human and natural activities or events that
have led to the current range-wide status of the species. Thisinformation is presented in listing
documents, the Northern States Bald Eagle Recovery Plan (USFWS 1983), a proposd to ddlist the
bald eagle (64 FR 36454), and the Biological Assessment (USACE 1999).

The bad eagle (Haliaeetus leucocephal us) wasfirst listed as endangered under the Endangered
Species Protection Act of 1966 on March 11, 1967 (32 FR 4001). On February 14, 1978 (43
FR 6233), the species was listed as endangered under the Endangered Species Act of 1973in 43
gtates except Washington, Oregon, Minnesota, Wisconsin, and Michigan, where it was listed as
threatened. On July 12, 1995 (60 FR 36000) the eagle was reclassified as threatened in dl 48
conterminous states. On July 6, 1999 (64 FR 36454), the Service proposed to delist the species
in the 48 conterminous states. The bald eagle aso occursin Alaska and Canada, whereit is not at
risk and is not protected under the Act; and in smal numbersin northern Mexico.

Shortly after World Wer 11, the use of DDT and other organochlorine pesticides became
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widespread. Initidly, DDT was sprayed extensively along coastal and other wetland areas to control
mosquitos. Later it was used as agenerd insecticide. Eaglesingested DDT by eating contaminated
fish. The pesticide caused the shdlls of the bird's eggs to thin and resulted in nesting failures. Loss of
nesting habitat aso contributed to the population decline. In 1972, the Environmenta Protection
Agency banned the use of DDT in the United States. Thiswas the first step on the road to recovery
for the bald eagle.

At itslow point in 1963, there were an estimated 487 nesting pairs of bald eaglesin the lower 48
dates. 1n 1998, due to the recovery efforts of the Service in partnership with other federd
agencies, tribes, state and local governments, conservation organizations, universities, corporations
and thousands of individua Americans, this number has risen to nearly 6000 nesting pairs with close
to 7000 young produced.

The recovery god for the northern states recovery region, which includes the project area, isto re-
edablish asdf-sustaining population and to have 1,200 occupied breeding areas by the year 2000
(USFWS 1983). 1n 1998, there were over 2000 occupied territoriesin this region, far exceeding
the ddligting god.

7.2 Environmentd Basdine

This sectionisan andysis of the effects of past and ongoing human and naturd factors leading to the
current status of the species, its habitat, and ecosystem within the action area. The purposeisto
describe the current tatus of the species within the action area and those factors that have
contributed to this state.

7.2.1 Status of the Speciesin the Action Area

The UMRS is a sgnificant winter use areafor the bald eagle. Winter useis highest where the
river isice-free and adequate perch Stes are available. These areas are important, providing
stable feeding sites during high caloric demand periods. Large concentrations of eagles often are
associated with open water areas bordered by suitable perch trees. High use areas within the
project areainclude many of the tailwaters below the locks and dams, congtrictionsin the river
which remain free of ice, mouths of large tributary rivers or the heated effluent discharged by
power plants. During most winters, winter feeding sites are not limiting, as there is much open
water. Known winter roost Sites are located in Mississippi River pools 2, 3,4, 5, 9, 14, 16 and
19.

There are basicdly three habitat components to winter management of bald eagles. feeding aress,
daytime perching areas, and night roosts. Martell (1992) describes these components and
provides management recommendations. The availability of food will dictate bald eagle use of an
areaduring winter. They will congregate where open water conditions or other factors provide a
food base. Daytime perching areas are near their foraging areas and are used to hunt from, eat
in, or rest on. Treeswithin 100 feet of the shore are preferred.
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Winter communa roosting behavior isfound in awide variety of habitats and isimportant for
winter survival. Roost sites probably are selected because they offer bald eagles specid
advantages such as proximity to feeding areas, protection from the wind and cold, favorable sun
exposure, and isolation. Remova or disturbance of roost sites could cause abandonment of a
wintering area, causing stress during a critica period of the year and potentidly affecting surviva.
Protection of roost dtesistherefore important. Communa roogts receive high bald eagle use
during the winter, with some Stes supporting up to 50 eagles at atime. Roost Sites are
commonly used during evenings, but may be used during the day in inclement weether. There
are two types of roodts. critical and secondary (Martell 1992). The critical roosts are those used
more than 14 nights per season by loca breeding eagles, or used more than 14 nights per season
by more than 15 eagles per night, or one that has been documented as active for more than 5
years. Secondary roosts do not meet the above criteria and may form temporary foraging aress.

The UMRS is becoming more important for bad eagle nesting which is known to occur within
the St. Croix, Minnesota, Upper Mississippi, and Illinois River corridors. In generd, nesting
activity hasincreased dramaticaly in recent years. As an example, in 1988 there were 6
occupied territories in lowawith 7 young produced. A decade later in 1998, there were 83
occupied territories and 80 young produced. In Illinoisin 1988 there were 6 occupied territories
with 7 young produced. In 1998 there were 43 occupied territories with 55 young produced.
Not al of these territories were within the UMRS corridor but many were. Eagle production is
seadily climbing as eagles are nesting in previoudy unoccupied aress. At the present time, there
are 167 known eagle nest sitesin the UMRS corridor (USFWS/USGS 2000).

7.2.2 Factors Affecting the Species
7.2.2.1 Impoundment and Water Level Regulation

The condruction of navigation damsin the 1930's dtered the hydrology of the river system.
The lower two-thirds of each navigation pool became more reservoir like, while the upper
one-third remains most Smilar to pre-impoundment. This pooling of the river raised water
levels and inundated portions of the floodplain. Impoundment directly impacted floodplain
forest and has been implicated in long-term changes. While dtered hydrology has contributed
to the dteration of species diversty and compaosition of the floodplain forest, other factors
aso played important roles. These include extengive logging and converson to agriculture in
the 19th century, as well as urban development. Estimates from 1989 satdllite data indicate
that approximately 304,000 acres of the UMR floodplain remains forested. Thisis
subdivided into bottomland forests covering 18.6% of the land surface of the UMR and
17.6% of the lllinois River. Species compodition is estimated to be 80% siver maple, 10%
oak-hickory, 5% willow and cottonwood, and 5% other (USACE 1999).

The effects of water level changes on floodplain forests have been discussed and documented
in various publications. Reviews of Government Land Office (GLO) survey records have
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estimated the pre-settlement landscape of the floodplain in the area of the confluence of the
Illinoisand Missssppi Rivers (Neson et al. 1994). Egtimates indicate that approximately
56% of the floodplain was forested and 41% was prairie. GLO records from Pool 17
indicate that 57% of the floodplain was prairie and 26% was forested. The forest described
in the records, however, was less dense than what we know today, and forests were mainly
restricted to river banks and idands, with prairies and savanna dominating the floodplain
(Nelson et al 1998). Historic surveys of the forest do show that sllver maple was a co-
dominant species by 1817 and prior to impoundment in 1938 had become dominant in the
area between the lllinois and Mississppi Rivers (Nelson and Sparks 1997). Additionaly,
Moore (1988) found by reconstructing GL O records from 1837 that slver maple, em, and
ash were dominant species in the Effigy Mounds areaiin northeast |owa and continued to be
0in1983 (Yin et al. 1997).

Water levels were most severdly dtered in the areasimmediately upstream of each dam.

Y eager (1949) found that after 6 years of completion of Lock and Dam 26 in 1938, the trees
on the lowest and thus permanently inundated floodplain were nearly diminated. Wherethe
groundwater level was raised, only the most flood-tolerant species remained, and on higher
elevation areas species such as pin oak showed heavy mortdity (Yin and Nelson 1995).
Changes in forest composition within the open river reach also occurred. Where oak
(Quercus spp.), American beech (Fagus grandifolia), wanut (Juglans spp.), and hickory
(Carya spp.) were once found adjacent to the river on higher elevation aress, they have
largely disappeared and have been replaced by slver maple and willow (Salix spp.) (Yinand
Nelson 1995). Silver maple and willow were historically found on river fronts, idands, and
low-lying floodplain areas and continue to be found there (Yin 1999).

Missssppi River Pools 11-22 (Rock Idand Corps Didtrict) have been inventoried through
stand mapping and entered into a Geographic Information System (GIS). That system
provides detailed data on the forest resources of the Mississippi River Project. A summary
of that data shows an example of species compostion change. Table 7-1 below summarizes
the forest composition of areas that had been cruised (20,000-25,000 ac) in 1943.

TABLE 7.1. Mississppi River forest composition in 1943, percent of
tree species (based on merchantable timber that had been cruised).

Siver Maple 50%
Cottonwood 15%
BHm 15%
Oak 10%
Green Ash 3%
River Birch 2%
Other * 5%

* Includes L ocust, Pecan, Hickory, Sycamore, Hackberry, Willow, Kentucky
Coffee Tree, Walnut, and Basswood.
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Table 7-2 shows the percent compaosition of the roughly 50,000 acresin the current
inventory. Though the two tables are not directly comparable, they provide a picture of the
changein forest composition and current species compostion in Pools 11 through 22. The
increase in stands with silver maple and cottonwood as dominant componentsis clear. What
the tables do not show, however, isthat the 25,000-30,000 acres not considered to be
merchantable timber in 1943 has dl grown to be forest.

TABLE 7-2. Mississippi River forest composition in the 1980's-1990's,
percent of forest ands with named species as a dominant or co-
dominant component.
Slver Maple 87%
Cottonwood 36%
Green Ash 33%
Black Willow 22%
Hackberry 12%
Bm 20%
River Birch 10%
Pin Oak 8%
Sycamore 3%
Pecan 2%
NOTE: stands can, and do, include more than one species and therefore this
tableis not additive.

In addition to, and perhaps more sgnificant than, the species compostion isthe sze class of
exiding forest. Generdly, Missssppi River forests are aging and not regenerating in a smooth
trangtion. Ascan be seen from Table 7-3 below, approximately 41 % of the 52,818 acresin
the database is 18.1 inches dbh or greater. Following are 11.8-18.1 inches dbh (34%), 4.7-
11.8 inches (22%), and 1.0-4.7 inches dbh (3%) size classes. Size classis nearly adirect
relaionship to age (USACE 1999) and, therefore, it gppears that much of the forest is aging
and not regenerating in asmooth trandtion. Though not extensive, regeneration is occurring in
some aress of the floodplain. The Rock Idand Didtrict has been doing regeneration surveys
at clear-cut sites for gpproximately 10 years. Data show that silver maple, ash, cottonwood,
mulberry, willow, and em are regenerating when there is sufficient light (USACE 1999).
Regeneration after the flood of 1993 has aso been shown on the open river reach. Yin
(1999) found that the mortaity caused by the flood of 1993 alowed cottonwood and willow
to regenerate.
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Table 7-3. Size class (dbh) distribution, Pools 11-22.
SzeClass Percent
>18.1in. 41
11.8-18.1in. 34
4.7-11.8in. 22
1.0-4.7in. 3

The 9-Foot Channel Navigation Project has contributed to hydrologica changes of the river
floodplain and initidly caused the converson of some bottomland forest to aguatic and
wetland habitat. However, on the positive sSide, many acres of farmed lands were purchased
as part of the project and alowed to grow to forest. Wereit not for the 9-Foot Channel
Navigation Project and acquistion of lands by the Federa Government, much of the
remaining forest would most likely have been cleared and would not exist today. Much of
this remaining bottomland forest is managed for naturd resource benefitsin the St. Paul and
Rock 1dand Corps Didtricts, and efforts are under way to maintain forest age class and
diversity. The St. Louis Digtrict does not directly manage any of itsforest lands; rather, it
oversees the management of its fee title lands managed by state and federal agencies such as
the Fish and Wildlife Service.

In addition, impoundment has enhanced winter feeding opportunities for the eagle. Prior to
lock and dam congtruction, the rivers would freeze over leaving few, if any, areas of open
water for eaglesto feed in. The navigation dams created a turbulent tailwater areafor some
distance downsiream that results in open water throughout the winter. Consequently, during
particularly cold wesather, eagles tend to congregate near the damsto feed.

Whileit is obvious that impoundment has contributed to hydrologica changesin the floodplain
of the project area and has affected forest composition, the magnitude of thisimpact cannot
be evauated due to lack of historical data. In total, however, the 9-Foot Navigation Project
has been beneficid to the eagle.

7.2.2.2 Dredging and Disposal

Dredging not only affected the main channe of the river, but aso affected Sde channels,
doughs and backwater lakes and ponds through increased turbidity levels and resuspension
of pollutants. Thismay have affected the bald eagles food source. Deegpening of the channel
may have resulted in changes in species compostion from shalow-water fish to deep-water
species, making them less available as prey. Thelocd fish baseisthe main stgple diet item to
bald eagles. Fish are susceptible to loca extermination, and can be affected by turbidity,
intake of resuspended pollutants, and reduced oxygen levels. Suspended solids and
sedimentation due to dredging can cause clogging and aorasion of gills and other respiratory
surfaces in fish, can affect spawning beds, and feeding. This may have affected bald eagle
feeding patterns during the dredging operations. However, the magnitude of thisimpact
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cannot be determined due to alack of historicd data

Dredging occurs during the open water season and, therefore, no disturbance to wintering
bald eagles has occurred. Dredging operations can begin in April during the critical nesting
period, which may have disturbed bad eagle nesting activities. Dredging in the vicinity of a
nest may have caused nest failures or abandonment due to disturbance, depending upon the
time of year, duration of dredging, and proximity of the nest to dredging activity. However,
the average date of firg dredging is mid-May, after the most critical period. Dredging
operations may add an incremental increase to the disturbance of eagles, dthough dredging
operations are typicaly of short duration, usualy lasting only a couple of days. The
magnitude of thisimpact cannot be determined dueto alack of historica data.

Disposd of dredged materid may have affected bald eaglesin two ways. (1) causing sufficient
disturbance during placement activities to have an impact on nesting, feeding or perching; or
(2) changing the conditions of habitat.

Disturbance can result from increased human activity within 0.6 mile of an active nest ste.
Human disturbance has been shown to negatively affect bald eagle nesting. Eagles are most
sengitive to disturbance during the critical nesting period when they are involved with
courtship, egg-laying, and incubation. The critical nesting period for the udy areaiis
generdly from March 15 to May 15. The moderatdly critical period is one month before and
after the critical nesting period. From February 15 to March 15, the eagles are becoming
physiologicaly conditioned for breeding. From May 15 to June 15, the newly hatched eagles
require frequent brooding and feeding. Eagles tolerate moderate amounts of human presence
during the low critical period from June 15 to October 1, when young are in the post-fledgling
stage. The magnitude of thisimpact cannot be determined due to alack of historica data

Higtorically, dredged materia has been placed on idands, in backwaters, wetlands, side
channdls, and dong shordinesin the Rock Idand and S. Paul Didricts. In someinstances a
temporary in-water rehandling Stewas used. In-water disposa isanorma method of
handling dredge materid in the &. Louis Didrict. Destruction or modification of habitat may
have included removal of nesting, perching and roosting trees, or changes in the suitability of
feeding areas. Sediment quality in terms of contaminants may aso have been afactor in the
effectsto bad eagles. In areas with sediment contamination problems, effluent discharge
from disposal stes may have affected the fisheries downstream of the discharge through
reduced water qudlity, both in fish dengities and contaminant buildup in fish tissue. This may
have affected bald eagles by decreasing the food supply and through bioaccumulation of
contaminants in the food chain. The magnitude of thisimpact cannot be determined dueto a
lack of historical data.

7.2.2.3 Clearing and Snagging

Removd of trees or other obstructions from the navigation channd may have affected bad
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eagles by removing nesting, perching, or roosting trees dong the shordine. However, the
meagnitude of thisimpact cannot be determined dueto alack of historica data.

7.2.2.4 Channd Structures/Revetment

Channdl dtructures are designed to concentrate flows in the main channd and, therefore,
primarily affect flow patterns dong with sedimentation patterns. Congtruction related impacts
of channdl control structures may have occurred in areas near nesting or roosting Sites.
Closing dams were constructed to reduce flows into sde-channe aress. Impacts such as
reduced volume of flow, reduced current velocities, reduced sediment input, and increased
water resdence time in backwaters would have occurred in these habitats and may have
affected the fish species inhabiting sde channel areas. Subsequently, the increased flowsin
the main channd resulting from sde channd cdosure may have affected main channd and
channe border habitats aswell. Changesin the dynamics of side channels may have dtered
the locd fishery, thereby affecting bald eagle feeding opportunities. Placement of stone
protection on shordine areas may have affected bald eagles if bank reshaping, including tree
removd, was included in the plan, especidly if the project is within nesting or roosting zones.
The magnitude of these impacts cannot be determined due to alack of historica data

7.2.25 Tow Traffic

Bad eagles may have been impacted by tow traffic resulting from ether disturbance around
activity areas or by destruction/modification of bald eagle habitat. Eagles are more tolerant of
vehicular traffic than they are of humans and they have become accustomed to tow traffic in
the project area, as evidenced by the steady increase in nesting numbers. The magnitude of
these impacts cannot be determined due to alack of historical data.

Shoreline eroson may have resulted from propeller wash as tows pass by eagle activity areas
or while tows are awaiting lockage. Asaresult of this erosion, trees may have toppled and
certain backwater habitats may have been affected by increased sediment transport.
However, the magnitude of these impacts cannot be determined due to alack of historicd
data.

7.2.2.6 Heeting

Development of flegting areas may have affected bald eaglesin two ways. (1) causng
aufficient disturbance to have an impact on nesting, feeding or perching; or (2) changing the
conditions of habitat. The discussion above regarding dredging and disposa (Section
7.2.1.2.1) isgpplicable here. In addition, barges have been tied off to shordine treesin the
past which may have resulted in their being girdled and killed representing aloss of potentiad
perch trees. The magnitude of these impacts cannot be determined due to alack of historical
data
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7.2.2.7 Port Facilities

Termind or port facilities have typically been constructed in urban or indudtrid areas, usudly
within floodplain habitat. There are two Corps of Engineers port facilities within the range of
the bald eagle: onein the &. Paul Digtrict (Fountain City, MN) and onein the Rock Idand
Didtrict (LeClaire Service Base, |1A), and numerous private facilities.  In non-urban Stuations,
eagle habitat has likdly been destroyed or modified in the congtruction of port facilities. Itis
likely that eagle use of these areas would have been avoided due to disturbance from the high
level of human activity. The magnitude of these impacts cannot be determined dueto alack
of higtoricd data

7.2.2.8 Exotic Species - not applicable
7.2.2.9 Contaminants

There have been numerous studies linking declines in productivity and complete nesting
falures with exposure to arange of environmenta contaminants. Mogt of the contaminants
responsible for the long-term decline of the bald eagle are no longer used in the U.S.
However, due to their widespread use and persstent nature, some may till be a contributing
factor impacting eagle surviva and productivity. Many organisms have been shown to be
sengtive to awide range of contaminants including ammonium, pesticides, and petroleum
products, al of which are commonly transported on the UMR. On the positive Side, water
qudity in the UMRS isimproving and should continue to improve in the future.

Contaminants can enter the system viaa spill, or those dready in river sediments can be
resuspended by towboat propellers or by dredging activities. Contaminants then enter the
eagle through ingestion of contaminated prey, as was the case with DDT. Thereisno
higtorica information available by which to analyze the effects of project-related
contamination on the bald eagle.

7.2.2.10 Recredtion Rdated Indirect Effects

Development and use of recrestiond facilities such as campgrounds, boat launch facilities,
marinas, and beaches, have impacted bad eaglesin two ways. 1) modification of habitat and
2) disturbance. Habitat modification would include loss of shordline trees which may have
been used by eagles for perching and roosting. Human activity or recregtiond boat traffic
may have disturbed eagles resulting in their abandoning such areas or aborting nesting
activities. The magnitude of thisimpact cannot be evauated due to alack of higorica
informetion.

7.2.2.11 Cabin Leases

Development and use of cabin lease sites has impacted bald eaglesin two ways: 1)
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modification of habitat and 2) disturbance. Habitat modification includes loss of shoreline
trees which may have been used by eagles for perching and roosting. Human activity may
have disturbed eagles resulting in their abandoning such areas or aborting nesting activities.
The magnitude of thisimpact cannot be evauated due to alack of higtorica information.

7.2.2.12 Generd Plan Lands Management

The Corps has the responsbility and authority to manage the natura resources on feetitle
lands. The gods of the Corps forest management in the project area are described in section
1.2.3 of this document.

Aswith most habitat management projects, the prescribed forest management practices may
have caused temporary adverse impacts, but provided long-term benefits to the habitat (i.e.
forest regeneration). All forest management prescriptions are evauated for presence of
threatened or endangered species, or species of specia concern and actions are taken to
avoid impactsto species. Thisincludes designation of specid management zones, observance
of seasonal restrictions and provision of buffers. Forest management practices are carried out
through close coordination with state and federd resource agencies including the U.S. Fish
and Wildlife Service. Forestry practices diversfy the habitat and strive to maintain Size class
diversty. Specific actions are described in the operating management plan (OMP) and five
year plan and environmenta assessment prepared for forestry, fish and wildlife management
within the &. Paul and Rock Idand Didtricts.  Forest management practices that maintain
forest age class and diversity have contributed to the conservation of the species through
provison and maintenance of suitable habitat into the future.

Management of Generd Plan lands by the U.S. Fish and Wildlife Service and sate natura
resource agencies may have resulted in changes to bald eagle habitat. Within the range of the
bad eagle, these areas include the 1llinois River Nationa Wildlife and Fish Refuge, Mark
Twain Nationd Wildlife Refuge, Upper Mississppi Nationd Wildlife & Fish Refuge,
Minnesota Valey National Wildlife Refuge, and various areas managed by state agencies.
Detalled descriptions of the Refuges are included in their respective refuge Master Plans. In
generd, the management practices on General Plan lands that have maintained forest age
class and diversity have contributed to the conservation of bad eagle habitat. However, those
activities that have increased human activity near nesting Sites during critica periods, or
cleared bottomland forest may have negatively impacted the bald eegle.

The magnitude of thisimpact cannot be evaluated due to alack of historicd information.
7.3 Effects of the Action

This section includes an andysis of the anticipated direct and indirect effects of the proposed action
on the species and itsinterrelated and interdependent activities.
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7.3.1 Direct Effects
7.3.1.1 Operation of the 9-Foot Channel Project
7.3.1.1.1 Impoundment and Water Level Regulation

The long-term impact of impoundment and water level regulation upon the bottomland
forest and species compaosition is not yet fully understood. However, trees will continue to
produce seeds as they have in the past, so the reproductive potentid of the bottomland
speciesis present as long as there are mature trees. As mentioned in Section 7.2.1, it
gppears that much of the forest is aging and not regeneraing in a smooth trangtion. If
forests are dlowed to undergo natura succession, bad eagle habitat could decline over
the 50-year life of the project. However, the St. Paul and Rock Idand Corps Didtricts
have operationa management plans which incorporate forest management practices that
will benefit the eagle. 1n addition, the Corps: Conservation Measure for the Indiana bat
(section 1.3.1) wherein Aforest management efforts within the range of the bat will be
carried out to establish and maintain forest species and Sze class diverdity in order to
ensure along-term supply of potentid Indiana bat roost treesf), should benefit the bald
eagleaswell. Yin (1999) concluded that the composition of the present day forest will be
sustained over the next 50 years.

Impoundment also affects the geomorphology of the river syssem. Idand habitat has
declined since impoundment, and will likely continue to decline in the future. In achange
assessment of the aguatic guilds in pools 4 through 26 (USACE 1999), it was estimated
that idand habitat would decrease from 107,135 acresin 1998 to 104,940 acresin 2050
(-2%). Thisassessment predicted out of the 2,195 acres of idand habitat lost in the 50-
year period, 1,942 acres (88.5%) would be from pools 4-10. Idand habitat in pools 4-
10 is currently estimated at 46,588 acres and it is predicted to decline by 8.5% by 2050.
In pools 11-26, idand habitat is predicted to increase by nearly 3% to 62,315 acres by
2050.

The generd habitat needs for the bald eagle include mature trees for nesting, perching and
roogting. Assuming that the idand habitat thet is being lost mogtly conssts of  suitable
habitat for the bad eagle, a 2% decline will impact bald eagle nesting, perching, and
roosting in the project area. However, bald eagle numbersin the project area have
increased dramatically in the past two decades despite the continua |oss of bottomland
forest and idand habitat. Fooding will continue to be the most Sgnificant factor affecting
bottomland hardwood forest, asit has been for centuries, and that forest should continue
to support bald eagle habitat.

While impoundment and water level regulation will continue to contribute to hydrologica

changes in the floodplain of the project areawhich, in turn, will affect forest composition
and extent, that impact will be mitigated by the Corps operationd management plans for
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forest management. Therefore, impacts to individud birds will be offset and will not rise to
the level of harm or harassment; i.e. will not cause desth or injury of individud birds or
sgnificantly disrupt normd behavior patterns including breeding, feeding or sheltering. The
surviva and recovery of the species within the action areawill not be threatened.

7.3.1.2 Maintenance of the 9-Foot Channel Project
7.3.1.2.1 Dredging and Disposa

Channd dredging and disposa will continue over the life of the project and may affect
bald eagles through disturbance of nesting birds. Both the St. Paul and Rock 1dand
Didtricts currently have dredged materia placement coordination processesin place. Prior
to the discharge of any dredged materia, representatives of the Corps and state and
federa resource agencies meset to determine the preferred placement site for the dredged
materid. Condderation of endangered speciesimpactsisapart of this process. Potentid
impacts of dredged materia placement can be minimized or avoided and, if necessary,
Tier Il Section 7 Consultation will be conducted while the speciesis ill listed. Al
dredged materid in the S. Louis Didtrict is digposed of in the water and does not affect
bad eagle habitat. Therefore, while dredging and digposa may affect individud birds
through disturbance, it will not rise to the level of harm or harassment; i.e. will not cause
degth or injury of individud birds or sgnificantly disrupt norma behavior patterns including
breeding, feeding or sheltering. The survivd of the specieswill not be threaetened in the
action area.

7.3.1.2.2 Clearing & Snagging

The mgority of snagging presently occurs on the Minnesota River and is performed on the
. Croix River upon request of the Nationd Park Service. The future need for snagging
on theseriversis unknown. However, given appropriate coordination with the Servicein
al Corps Didricts, any potential impacts can be minimized or avoided. Therefore, while
clearing and snagging may affect individud birds through disturbance, it will not rise to the
level of harm or harassment; i.e. will not cause degth or injury of individua birds or
ggnificantly disrupt norma behavior patternsincluding breeding, feeding or sheltering. The
surviva of the specieswill not be threstened in the action area.

7.3.1.2.3 Channd Structure/Revetment

The planning and design of regulatory structures includes congderation of environmental
impacts and compliance with various regulaions. The process varies within each Corps
digtrict, but involves coordination with other agencies. In St. Paul Didtrict, the process
includes project review by the River Resources Forum which is composed of Federa and
State representatives of agencies with management or regulatory responghilities aong the

-157-



Missssppi River. The Rock Idand District has the Committee to Assess Regulatory
Structures (CARS), which consigts of representatives from the engineering, operations,
and environmentd offices and the U.S. Fish and Wildlife Service. Congderation of
endangered speciesimpactsisa part of this process. In addition, a document produced
by the St. Louis Digtrict describes their environmenta river engineering project in which
biologists and engineers cooperate to improve navigation and habitat diversty through the
use of river structures (USACE 1999).

Given gppropriate coordination, impacts to the bald eagle in dl Didtricts can be minimized
or avoided. Tier Il Section 7 Consultation will be conducted where necessary while the
speciesis dill liged.  Therefore, while congtruction and maintenance of river structures
and revetment may affect individua birds through disturbance, it will not rise to the leve of
harm or harassment; i.e. will not cause death or injury of individud birds or sgnificantly
disrupt norma behavior patterns including breeding, feeding or sheltering. The surviva of
the species will not be threstened in the action area.

7.3.1.2.4 Lock and Dam Rehahilitation

The main impact of future rehabilitation work for the lock and dams within the project area
would be mainly through disturbances resulting from increased human activity and
associated congtruction equipment. Depending upon the scope and/or timing of the
proposed work, rehabilitation of the locks and dams could affect bald eagle nesting,
feeding, or winter roosting. Changesin habitat conditions would not result because
rehabilitation entails repair of the existing structures currently in place, not increasing the
footprint of the project area. In these cases, there would be negligible disturbance to
aress outside the exigting disturbed area so no additiond bad eagle habitat would be

impacted.

Bad eagle nests are not likely to be located near alock and dam because of high human
activity. Rehailitation activities during winter may impact feeding activities of eagles
downstream of the structure in the open water areas.  However, thisimpact is expected
to be minor because eagles are somewhat tolerant of human activity during the winter a
feeding areas. Since rehabilitation occurs a only one lock and dam a atime, additiona
feeding areas would be available a structures upstream and downstream, as well as other
open water areas in the vicinity of the lock and dam being rehabilitated.

A Progammatic Environmenta Impact Statement on mgjor rehabilitation of Locks and
Dams 2-22 was completed by the Rock I1dand Didtrict, Corps of Engineers was
completed in 1989 (USACE 1989b). The biologica opinion rendered by the U.S. Fish
and Wildlife Service concluded that rehabilitation would have no effect on the bald eagle
(USFWS 1989) and is incorporated herein by reference.

7.3.2 Indirect Effects
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7.3.2.1 Navigation Related Indirect Effects
7.3.2.1.1 Tow Traffic

Tow traffic is projected to increase over the life of the project. Theimpact of thisincrease
on bald eagle nesting, or nesting habitat, within the project areais unknown. However,
due to the fact that eagles have demonstrated some tolerance of passing tows, and the
number of nestsin the UMRS has increased dramaticdly in the last decade, it is apparent
that any impacts to the bald eagle due to tow treffic are likely to be negligible and will not
riseto the level of harm or harassment; i.e. will not cause deeth or injury of individud birds
or sgnificantly disrupt normal behavior patterns including breeding, feeding or sheltering.
The surviva of the specieswill not be threatened in the action area.

7.3.3.1.2 Feseting

The future need for flegting areas will likely increase as tow traffic increases over the life of
the project. However, potentia impacts of development of fleeting areas will be
minimized or eiminated through appropriate coordination with the Service. The States of
Minnesota, Wisconsain, and lowa regulate barge-flegting activities through their own
regulations and Illinois and Missouri regulate it through review of the Federd permitting
process (Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors
Act). Given gppropriate coordination, potentid impacts can be minimized or avoided.
Tier 11 Section 7 Consultation will be conducted as necessary while the speciesis il
liged. Therefore, while flegting may affect individud birds through disturbance, it will not
riseto the leve of harm or harassment; i.e. will not cause death or injury of individud birds
or dgnificantly disrupt norma behavior patterns including breeding, feeding or sheltering.
The surviva of the specieswill not be threatened in the action area.

7.3.2.1.3 Port Facilities

The two Corps of Engineers port facilities within the range of the bad eagle will continue
to operate which could potentidly disturb bald eagle nesting, feeding, and roosting
behavior. However, neither base has plans for expansion, so no additiona habitat would
be impacted. There are no known nests near the bases, which are located within urban
areas of high human use. Operationa activities a each service base do not increase
human activity a either Ste substantialy. Any future expansion at these facilities would
have to be determined on a case by case basis to determine potentia impact upon the
bald eagle.

The future need for private port facilities is unknown adthough it will likely increase as tow
traffic increases. If congtruction requires the remova of trees suitable for bald eegle
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perching or nesting, it may adversaly affect the species. However, congtruction of
terminals would be subject to floodplain regulations and environmenta review. Given
gppropriate coordination, potentia impacts can be minimized or avoided. Tier |1 Section
7 Consultation will be conducted as necessary while the speciesis il listed. Therefore,
while congtruction and operation of port facilities may affect individua birds through
disturbance, it will not riseto the level of harm or harassment; i.e. will not cause degth or
injury of individud birds or sgnificantly disrupt normd behavior patternsincluding
breeding, feeding or sheltering. The survivd of the specieswill not be threetened in the
action area

7.3.2.1.4 Exotic Species - not applicable
7.3.2.1.5 Contaminants

The potentia impacts of contaminants from navigetion related effects include mortaity and
reduced nesting success. Navigation has been made safer on the UMR and the potential
for ahazardous spill has been greeatly reduced. However, there are il accidents
occurring which may result in aspill. Due to the nature of these spills, most organisms
would be acutely exposed to contaminants where there would be |ess bio-accumulation
than in achronic Stuation. If concentrations of the spilled materia are high enough, many
aquatic organisms would be killed through acute exposure. A bad eagle preying on afish
killed by an acute exposure, would ingest less of the materid but could be affected to
some degree up to and including desth. Due to the low frequency of spills on the UMRS,
impeacts to the bad eagle due to contamination may affect individua birdsto aminor
extent but will not threaten the surviva and recovery of the speciesin the action area.

7.3.2.2 Recreation Rdated Indirect Effects

Congdering current population trends, human use of, and demand for recreationd facilitiesin
the UMRS corridor will likely increase, which will increase the potentia for impact on the
bald eagle. Human activity at public use Stes has the potentid to disrupt bald eagle nesting,
feeding, and roosting behavior depending upon the level and timing of activity and the location
of bald eagle use Stes. Based upon recent trends of bald eagles usng habitats near areas of
human disturbance, however, the overdl impact may not have the same consequence as
previous research has speculated (Mathieson et al. 1977).

Operation of Corps recregtiond facilities includes routine maintenance, such as mowing, but
there is no plan to expand or increase the number of such facilities (USACE 1999). The
future need for private or local government facilities is unknown but could impact eagles
through loss of habitat and an incrementa increase in disturbance. Recreationd boat traffic
and beach use could impact bad eagles through disturbance during the nesting season.

Development of recreationd facilities would be subject to floodplain regulations and
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environmentd review. Given appropriate coordination, potentid impacts can be avoided.
Tier 11 Section 7 consultation will be conducted as necessary while the speciesislisted.
Based on the dramatic increase of bald eagle nesting in the UMRS corridor in the last two
decades, recreationa impacts appear to be negligible.  Therefore, while construction of
recregtiona facilities and recreationd use of the UMRS may affect individua eagles through
disturbance, it will not rise to the level of harm or harassment; i.e. will not cause degth or
injury of individud birds or sgnificantly disrupt norma behavior patterns including breeding,
feeding or shdltering. The surviva of the species will not be threetened in the action area.

7.3.3 Interrdlated Effects
7.3.3.1 Timber Management - see 7.3.3.3 below
7.3.3.2 Cabin Leases

The lease of cabin dtes by the Corps of Engineers has the potentia to impact bald eagle
nesting, roosting and feeding through disturbance and habitat loss in the Rock Idand and S.
Louis Didricts, athough eagles will likely avoid areas of human activity. There are no cabin
lease agreementsin the St. Paul Didtrict. Private recreationa and residentid leases within
both digtricts affect approximately 700 acres. There will be no new leases issued, but those
in existence will be maintained. All leases returned to the Corps are released and naturd
resource management prescriptions are implemented. This usudly includes closure or
removal of the access road and conversion to natura habitat (USACE 1999). All new

mai ntenance actions taken by |lessees are subject to review and therefore impactsto bad
eagles would be consdered a that time. Therefore, while continued maintenance of cabin
leases may affect individua birds through disturbance, it will not rise to the level of harm or
harassment; i.e. will not cause deeth or injury of individud birds or sgnificantly disrupt normad
behavior patterns including breeding, feeding or shtering. The surviva of the species will not
be threatened in the action area.

7.3.3.3. Management of Generd Plan Lands

Management of Generd Plan Lands will follow existing prescriptions of the respongible
federal and State agencies, dthough the Servicers Refuges are currently in the process of
revising their management goals and objectives. In generd, those prescriptions that provide
for maintenance of forest age class and diversity will be of benefit to the eagle. Therefore,
any adverse impacts associated with Generd Plan Land management will not rise to the leve
of harm or harassment; i.e. will not cause death or injury of individud birds or sgnificantly
disrupt normd behavior patternsincluding breeding, feeding or sheltering. The survivd of the
species will not be threatened in the action area.

7.3.3.4 Public Use Sites - see 7.3.2.2 above.
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7.3.3.5 Corps Port Fecilities - see 7.3.2.1.3 above.
7.3.4 Interdependent Effects - none
7.3.5 Cumulative Effects

Cumulative effects include the effects of future State, locd or private actions that are reasonably
certain to occur in the action area considered in, thisbiologica opinion. Future Federd actions

that are unrelated to the proposed action are not considered in this section because they require
Separate consultation pursuant to section 7 of ESA.

The Service is unaware of any non-Federal actions that are reasonably certain to occur which
may affect the bad eagle. However, mogt activities within the UMRS corridor are regulated
under the Clean Water Act or River and Harbors Act or other floodplain regulations. Given
appropriate environmenta coordination, impacts to the bad eagle can be avoided. Therefore,
any cumulative effects due to non-Federd actions will not threaten the survival and recovery of
the species and are considered negligible.

7.3.6 Summary of Effects

In summary, on-going project impacts to the bald eagle may result from continued operation and
maintenance of the 9-Foot Navigation Project in the form of disturbance and minor habitat
dteration. However, as explained previoudy, these impacts are likely to be negligible or offset
by habitat management activities. Furthermore, dl the above activities, with the exception of
continued impoundment and water leve regulation, will be subject to environmenta review by
the Service, and, if necessary, additiona measures to further minimize potentia impacts will be
implemented viaa Tier |1 Section 7 consultation as long as the speciesislisted.

Smilarly, indirect and interrelated activities such as tow traffic and flegting, construction and
operation of port facilities, release of environmenta contaminants, river recreetion, and Genera
Plan Land management may affect individud eagles through disturbance and minor habitet
dteration. Theseimpacts are likely to be negligible or offsat by habitat management activities.
Any activities requiring authorization under the Clean Water Act or River and Harbors Act will
be reviewed by the Service and, if necessary, undergo a Tier 1l Section 7 consultation as long as
the speciesislisted.

7.4 Conclusion

After reviewing the current status of the bald eagle, the environmental basdline for the action area,
the effects of the proposed action, and the cumulative effects, it is the Services biologica opinion
that the proposed action is not likely to jeopardize the continued existence of the Northern
population of the species.
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Potentid impacts will be negligible, offset by forest management prescriptions, or will be avoided or
minimized through gppropriate environmental coordination. As any adverse effectswill be
minimized, the long-term persstence of the bald eagle within the action areawill not be threatened.
Thus, the proposed action is dso unlikely to gppreciably reduce the likelihood of surviva and
recovery of the species rangewide. No Critica Habitat has been designated for the bat within the
action area

7.5 Incidental Take

Section 9 of the Act and Federa regulation pursuant to Section 4(d) of the Act prohibits the take of
endangered and threatened species without special exemption. Take is defined asto harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any such
activity. Harm is further defined by the Service to include sgnificant habitat modification or
degradation that resultsin deeth or injury to listed species by sgnificantly impairing essentid
behaviora patterns, including breeding, feeding, or sheltering. Harassis defined by the Service as
intentiona or negligent actions that create the likelihood of injury to listed species to such an extent
asto ggnificantly disrupt normd behavior patterns which include, but are not limited to, breeding,
feeding, and sheltering. Incidentd take is defined as take incidental to, and not the purpose of, the
carrying out of an otherwise lawful activity. Under the terms of Section 7(b)(4) and Section
7(0)(2), take incidental to and not an intended part of the agency action is not considered prohibited
taking under the Act, provided 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 for the
exemption in Section 7(0)(2) to apply. The Corps has a continuing duty to regulate the activity
covered by thisincidenta take statement. If the Corpsfails to assume and implement the terms and
conditions, the protective coverage of Section 7(0)(2) may lapse. In order to monitor the impact of
incidenta take, the Corps must report the progress of the action and its impact on the speciesto the
Service as specified in the incidentd take statement (50 CFR, 402.14(1)(3)).

The Service does not anticipate that the proposed action will incidentally take any bald eagles.
7.6 Conservation Recommendations

Section 7(a)(1) of the Act directs Federd agenciesto utilize their authorities to further the purposes
of the Act by carrying out conservation programs for the benefit of endangered and threatened
gpecies. Conservation recommendations are discretionary agency activities to minimize or avoid
adverse effects of proposed action on listed species or critica habitat, to help implement recovery
plans, or to develop information. The following conservation measures are recommended:

1. Initiate and continue forest management practices on Corps managed lands that will

preserve species diversty and maintain size-class structure for roosting and nesting. This
measure will address the aging and regeneration of eagle habitat.
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2. Implement negting and wintering management guiddines in the course of dl operations.
This measure will protect eagles from disturbance and harassment.
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8.0 Pallid Sturgeon
8.1 Status of the Species
8.1.1 Species Description

The palid sturgeon, Scaphirhynchus albus, was originaly described as a species by Forbes and
Richardson in 1905. The type specimens for identification were collected at or near Grafton,
[llinois, on the lower [llinois and Mississppi Rivers (Forbes and Richardson 1905). The species
Is described as having a flattened, shove-shaped snout; long, dender, and completely armored
caudd peduncle; and lacks a spiracle (Smith 1979). The mouith is toothless, protrusible, and
ventrally positioned under the snout, as with other sturgeon. Pdlid sturgeon are Smilar in
gppearance to the more common and darker shovelnose sturgeon (S. platyrhynchus). Pflieger
(2975) reported the principa features distinguishing palid sturgeon from shovelnose sturgeon as
the paucity of derma ossifications on the belly, 24 or more and fin rays and 37 or more dorsal
finrays.

8.1.2 Higoric and Current Rangewide Digtribution

The higtoric range of the pallid sturgeon as described by Bailey and Cross (1954) encompassed
the middle and lower Mississppi River, the Missouri River and the lower reaches of the Platte,
Kansas and Ydlowstone Rivers. The type specimens utilized by Forbes and Richardson (1905)
were caught a or near Grafton, Illinois, which is approximately 22 miles above the mouth of the
Missouri River. Bailey and Cross (1954) noted a palid sturgeon captured at Keokuk, lowa a
the lowaand Missouri state border. Duffy, et al. (1996) stated that the historic range of pdlid
sturgeon once included the Missssippi River upstream to Keokuk, lowa, before the river was
converted into a series of locks and dams for commercia navigation (Coker 1930).
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Carlson and Pflieger (1981) stated thet pdlid sturgeon are rare, but widdy distributed in the
Missouri River and in the Missssppi River downstream from the mouth of the Missouri River.
According to USFWS (1993), since 1980, reports of most frequent occurrence are from the
Missouri River between the Marias River and Ft. Peck Reservoir in Montana; between Ft. Peck
Dam and Lake Sakakawea (near Williston, North Dakota); within the lower 113 km of the

Y dlowstone River to downstream of Fallon, Montang; in the heedwaters of Lake Sharpein
South Dakota; and from the Missouri River near the mouth of the Platte River near Plattsmouth,
Nebraska. Areas of most recent and frequent occurrence on the Mississippi River are near
Chedter, Illinois, Caruthersville, Missouri; and in both the Mississppi and Atchafdaya Riversin
Louisana at the Old River Control Complex where the Atchafaaya diverges from the
Missssippi River. Of 622 pallid sturgeon sightings prior to 1994, 70.7% were reported from
the Missouri River, 12.6% from the Atchafdaya River, 10.8% from the Missssppi River, 5%
from the Y elowstone River, and less than 1% from the St. Francis, Platte, Ohio, Kansas, and
Big Sunflower Rivers (Condant et al. 1997). Thetota present range of the palid sturgeon is
5635 km (3500 miles).

8.1.3 LifeHigory
8.1.3.1 Reproductive Biology

Littleis known about reproduction or spawning activities of palid sturgeon. Even basic
parameters such as spawning locations, substrate preference, water temperature, or time of
year have not been well documented. No spawning beds have been located, athough
Bramblett (1996) speculated that potential spawning areas were in the Y elowstone River
from about river km 6 to river km 14. Breder and Rosen (1966) report that as a group,
sturgeon exhibit uniform spawning behavior; and thus, such information can be used to make
inferences about palid sturgeon behavior. All sturgeon species spawn in the spring or early
summer, are multiple spawners, and release their eggs a intervas. The adhesve eggs are
released in deep channds or rapids and are left unattended (Gilbraith et al. 1988). The
larvae of Acipenserids are pelagic, becoming buoyant or active immediately after hatching
(Moyle and Cech 1982). Although the downstream migration and behavior of young
sturgeon is poorly understood, recent work by Kynard et al. (1998) indicates that the
migration period for young pallid sturgeon begins day-0 at hatching and continues up to day-
13, with a decline after day-8. With thisinformation it has been possible to estimate that
larval pdlid sturgeon may drift in the water column for a distance of over 400 miles (Steve
Krentz, USFWS, pers. comm.).

Time of spawning has not been well documented, but is believed to occur sometime between
March through July depending on location (Forbes and Richardson 1905, Gilbraith et al.
1988; Keenlyne and Jenkins 1993). Femaes callected in June and July in Lake Sharpe, a
reservoir on the Missouri River in South Dakota, contained mature ova and presumably were
ready to spawn. However, there has been no evidence of successful reproduction during 10
years of sampling for young-of-the-year fish in Lake Sharpe (Kalemeyn 1983).
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Kallemeyn (1983) reported that pallid sturgeon males reach sexua maturity at 53.3-58.4 cm,
however, sze and age of females a sexud maturity were unknown & that time. Conte et al.
(1988) indicated that femaes of most sturgeon in North America do not mature until 7 years
of age and typicaly require severd yearsfor eggs to mature between spawnings. The age of
sexud maturity and intervals between spawning were estimated for nine palid sturgeon by
recording what were interpreted to be spawning events from pectora fin ray cross sections.
Sexuad maturity for males was estimated to be 7 to 9 years, with 2 to 3 year intervals between
spawning years. Femaes were estimated to reach sexua maturity in 15 to 20 years, with 3 to
10 year intervas between spawning years (Keenlyne and Jenkins 1993). Time of sexud
meaturity and the age intervas between spawning yearsislikely to be influenced by available
forage, environmenta conditions and other factors (USFWS 1993), and thus, likdly variesto
some degree between river reaches.

Keenlyne et al. (1992) estimated fecundity for afemae pallid sturgeon taken from the upper
Missouri River. The authors found the mass of mature eggs weighed 1,952 g, which
represented 11.4 percent of total body weight. Tota fecundity was estimated at 170,000
egosfor thisfemae. Femades may take up to 10 years between spawnings depending on the
quality and quantity of food available in their naturd habitat (Keenlyne and Jenkins 1993).
Therefore, fecundity of afemae may vary congderably, with an individua femae spawning
only afew times during her normd life span (Duffy et al. 1996).

8.1.3.2 Food and Feeding Habits

Carlson et al. (1985) determined composition of food categories, by volume and frequency
of occurrence, in the diet of shovelnose sturgeon (n=234), pdlid sturgeon (n=9), and
presumed hybrids (n=9). Although benthic macroinvertebrates characteritic of |otic habitats
areimportant dietary components (Modde and Schmulbach 1977, Carlson et al. 1985), the
occurrence of lentic and terrestrid invertebrates in sturgeon ssomachs suggest that drifting
invertebrates may aso be important forage organisms (Modde and Schmulbach 1977,
Contant et al. 1997). Aquatic invertebrates (principdly the immature stages of insects)
compose most of the diet of shovelnose sturgeon, while palid sturgeon and presumed hybrids
consume a greater proportion of fish (mostly cyprinids). Other researchers aso reported a
higher incidence of fish in the diet of pallid sturgeon than in the diet of shovelnose sturgeon
(Cross 1967, Held 1969). Mot piscivorous Missouri River species edt large quantities of
aquatic insect larvae in early life and even as adults (Modde and Schmulback 1977).

8.1.3.3 Age and growth

Little is known about age and growth of palid sturgeon. The tota length of palid sturgeon
was sgnificantly greeter than that of shovelnose in the lower Missouri and Mississippi Rivers
for each age group in which comparable datawere available (Carlson et al. 1985). Fogle
(1963) edtimated growth rates using cross sections of pectora fin rays from sx palid
sturgeon from Lake Oahe in South Dakota. He estimated that growth of these fish was
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relatively rapid during the first 4 years, but that growth decreased to gpproximately 70 mm
per year between ages 5 and 10. Carlson and Pflieger (1981) presented data (n=8) from the
Missouri and Missssippi Riversin Missouri, which showed dightly dower growth than from
palid sturgeon in South Dakota

It should be noted that recent efforts to vaidate palid sturgeon age estimates from pectord fin
rays have questioned the accuracy and precision of this aging technique. Hurley (1999)
documented that the mgjority of palid sturgeon age estimates based on pectora fin rays were
incorrect, with the most frequent error being three years. He noted a tendency to underage,
rather than overage pallid sturgeon samples. Large variations between first and second age
estimates for the same fish by each reader (within reader variation) were noted. Hurley
(1999) found only 28% accuracy and up to four years of variation utilizing pectora fin rays
for aging. Precision between readers was dso low with estimates of the same fish by both
readers differing by up to two years (Hurley 1999). However, a3 to 4 year variation in age
estimates may not be sgnificant given the long life span of palid surgeon (40-50 years).

8.1.3.4 Movements

Pallid sturgeon exhibit seasond variation in movement patterns based upon temperature and
discharge (Bramblett 1996, Congtant et al. 1997, Sheehan et al. 1998). Movement patterns
aso vary between spawning versus non-spawning years (Bramblett 1996). Bramblett (1996)
reported an average home range of 48.8 milesin the Y dlowstone and Upper Missouri Rivers
while Sheehan et al. (1998) reported a home range of 21.2 milesin the MMR. Sheehan et
al. (1998) speculated that because habitat in the MMR isrdatively uniform, large movements
and home ranges may not be abeneficid in the MMR, asin Bramblett:s areg, asit is unlikdy
that study fish may happen across new habitats.

Asalargeriver fish, pdlid surgeon are capable of moving large distances in search of
favorable habitat. Sheehan et al. (1998) noted one study fish moving along a 60.3 mile
sretch of river. Bramblett (1996) noted a maximum home range as large as 198.6 miles.

8.1.4 Population Status and Trends

Because the pallid sturgeon was not recognized as a distinct species until 1905, it was not listed
in early commercid fishery reports, so little is recorded about its abundance prior to thistime,
Even as late asthe mid-1900's, it was common for pallid sturgeon to be tdlied in commercid
catch records as either shovelnose or lake sturgeon (Keenlyne 1995). Correspondence and
notes of researchers suggest, however, that the pallid sturgeon was till fairly common in many
parts of the Mississppi and Missouri River systems as late as 1967 (Keenlyne 1989). Review
of the literature indicates that declinesin populations has occurred in recent years coincidental
with development of the Missouri and Mississppi River systems for flood control and navigation
(Deacon et al. 1979, Keenlyne 1989). [Excerpt from Duffy et al. 1996].

-168-



Pallid sturgeon were proposed for listing as an endangered species on August 30, 1989 (54 FR
35901-35904). The species was listed as endangered on October 9, 1990 (55 FR 36641-
36647). Thereasonsfor listing were habitat modification, apparent lack of reproduction,
commercid harvest and hybridization in parts of itsrange. Most authors attribute the decline of
palid sturgeon to the massive habitat aterations that have taken place over virtudly al of its
range (Kalemeyn 1983, Gilbraith et al. 1988, Keenlyne 1989, USFWS 1993).

Since 1988, pdlid sturgeon researchers have collaborated on studies to gather information about
the species including estimates of fish numbers (Keenlyne 1995). This has dlowed workersto
Identify where populations till remain and to obtain rough estimates of present abundance of the
species. Tag and recapture data have alowed researchers to estimate that 50 to 100 pdlid
sturgeon remain in the Missouri River above Ft. Peck Dam in Montana and between 200 and
300 palid sturgeon remain between the Garrison Dam in North Dakota and Fort Peck Dam
which dso includes the lower Y dlowstone River (Steve Krentz, U.S. Fish and Wildlife Service,
pers. comm.). Oneto five Sghtings per year have been made of palid sturgeon between the
headwaters of Oahe Reservoir in South Dakota to the Garrison Dam and from the riverine reach
in the Missouri River above Gavins Dam to Fort Randal Dam suggesting thet, perhaps as many
as 25 to 50 fish may remain in each of these areas. A smdll population aso exigts between Oahe
Dam and Big Bend Dam on the Missouri River in South Dakota with perhaps 50 to 100 fish
remaining in thisriverine section. Unfortunately, no evidence has been obtained that any of these
upper Missouri River system populations are reproducing for only large individuas are being
reported (Keenlyne 1989). [ Excerpt from Duffy et al. 1996]

Obtaining estimates of abundance in the channdized Missouri River downriver from Soux City,
lowa, to the mouth and the Missssppi River downstream from the mouth of the Missouri River
is complicated by the difficulties of sampling rapidly flowing river sections. Abundance estimates
by Duffy et al. (1996) were not considered reliable due to the lack of mark/recapture data. A
comparison of palid sturgeon and shovelnose sturgeon catch records provide an indication of the
rarity of palid sturgeon. Of 4355 sturgeon collected by Carlson et al. (1985) a 12 sampling
gations on the Missouri and Mississippi Rivers from 1978-1979, 11 (0.25%) were identified as
palid sturgeon, 12 hybrids and the remainder shovelnose sturgeon. During systematic sampling
on the Missouri and Y dlowstone Riversin 1995, the Montana Department of Game, Fish and
Parks collected 10 (2.2%) palid sturgeon compared to 444 shovelnose sturgeon (Liebelt 1995).

Reed and Ewing (1993) collected 11 (11%) pdlid sturgeon, 18 hybrids and 74 shovelnose
sturgeon in the vicinity of the Old River Control Complex in Louisana. Watson and Stewart
(1991) noted one (0.29%) pallid sturgeon out of 350 sturgeon from the lower Y dlowstone River
in Montana.

Glen Congant, at Louisana State University, estimated the palid sturgeon population in the
Atchafalaya River to range from 2750 to 4100 fish. Thisis based on tag returns and telemetry
dudies. However, ahigh incidence of hybridization is occurring in the Atchafaaya River and
Missssppi Rivers (Keenlyne et al. 1994) which makes estimation of the number of pure palid
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gurgeon in thee river sysems difficult (Duffy et al. 1996).

In recent years, palid sturgeon populations have been augmented by release of hatchery reared
fish. In 1994, the Missouri Department of Conservation (MoDOC) released gpproximately
7000 fingerlings in the Missouri and Missssippi Rivers and an additiona 3000 fingerlings were
stocked in 1997 (Graham 1997, 1999). Since stocking in 1994, gpproximately 86 pallid
sturgeon returns have been reported, mostly in the Mississppi River downstream of S. Louis
(Graham 1999). Thirty-five 12 to 14-inch fish raised at Natchitoches Nationa Fish Hatchery
were stocked in the Lower Mississippi River in 1998 (Kilpatrick 1999). Also in 1998, 745
hatchery-reared yearling palid sturgeon were released at three Stesin the Missouri River above
Ft. Peck Reservoir (Gardner 1999).

Despite stocking efforts, pallid sturgeon remain rare compared to the shovelnose sturgeon. In
1997 and 1998, the MoDOC, LTRM Station at Cape Girardeau collected 7 palid sturgeon
(0.45%) compared to 1549 shovelnose sturgeon in the MMR (Petersen 1999). Constant et al.
(1997) noted that in surveys of commercia catch, shovelnose sturgeon accounted for between
52% and 98% of the total sturgeon catch, with the remainder composed of smilar portions of
hybrids (2% to 21%) and pallid sturgeon (0% to 26%).

Evidence of successful pallid sturgeon reproduction and recruitment is rare throughout the range
of the species, and is believed to be the primary limiting factor. 1n 1998, the MoDOC collected
ayoung-of-the-year pdlid sturgeon at approximate river mile 49.5(L) south of Cape Girardeau
in the MMR (Petersen and Herzog 1999). More recently, in August 1999, one confirmed and
two probable palid sturgeon larvae were collected from the Lower Missouri River (Jm Milligan,
USFWS, pers. comm.). These two instances represent the first evidence of successful pdlid
sturgeon reproduction in recent years and indicate that some suitable spawning habitat remainsin
the Lower Missouri River and, potentidly, the MMR.

Recent work in the Atchafdaya River has reveded fish of severa age groups suggesting that
some reproduction and recruitment may occur in the Atchafdaya River. However, the only
physical evidence of reproduction was the observation of three gravid femaes (Congtant et al.
1997). According to their data, palid sturgeon collected in the Atchafalaya River and other
aress of the Missssippi River have averaged less than 3 kg and length-at-age estimates
caculated according to Fogle (1963) indicated that even the smallest fish were over age 6, with
the oldest perhaps over age 14. The age of fish in their study indicates the most recent
recruitment of palid sturgeon to be from 1988 year class (Condant et al. 1997).

Larva sturgeon of any species rarely have been collected from within the range of pdlid
sturgeon. This may be due to low reproductive success or the inability of standard sampling gear
to capture larva sturgeon. Hesse and Mestl (1993) collected two sturgeon larvae from the
Missouri River adjacent to Nebraska between 1983 and 1991. These larvae were among
147,000 fish larvae collected during filtration of 519,400 cubic meters of river water. Gardner
and Stewart (1987) collected no sturgeon larvae in 339 samples from the Missouri River or in
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77 samples from tributary streams where 3,124 and 5,526 fish larvae were collected,
respectively. Inthree years of sampling in/near Lisbon Chute on the Missouri River, the
Services Columbia Missouri Fishery Resources Office collected over 10,000 smdl fish utilizing
saines, benthic trawls and fyke nets. In processing 9855 of these fish, 1 confirmed and 2
probable larva pdlid sturgeon have been identified (Joanne Grady, USFWS, pers. comm.).
These data suggest that spawning success and larval sturgeon abundance are low.

Although Mayden and Kuhgda (1997) contend that there is no empirica evidence indicating that
hybridization between shovelnose sturgeon and pallid sturgeon is common, they present no
evidence to support this contention. Based on meristic and morphologica characters, Carlson et
al. (1985) noted hybrids as being prevaent in their samples, suggesting that hybridization
between the species of Scaphirhynchus may occur frequently. Feld surveys of
Scaphirhynchus stocks suggest ardatively high incidence of hybridization between shovelnose
sturgeon and palid sturgeon inthe MMR (Sheehan et al. 19973, 1997b, 1998). Sheehan et al.
(1997b) and Carlson and Pflieger (1981) noted a 3:2 ratio of hybrid sturgeon to palid sturgeon.
Sheehan et al. (1997b) speculated that if thisis representative of the sturgeon population in the
MMR, hybridization may pose a significant threet to pallid sturgeon as the species continues to
introgress with shovelnose sturgeon.

Sturgeons exhibit unusua combinations of morphology, habits, and life history characterigtics,
which make them highly vulnerable to impacts from human activities (Boreman 1997). Sturgeons
generdly have low mortdity rates, long life spans and are K drategists with ardatively low
capacity for population increase (Boreman 1997). As such, pdlid sturgeon are well adapted to
living in large rivers, where fluctuating environmenta conditions, such as discharge, can affect
reproductive success. However, these characteristics also make sturgeon species more senditive
to additiond mortdity factors, particularly human activities. Many anthropogenic impacts, such
as those resulting in diminished spawning and nursery habitat, primarily affect the production and
aurviva of age-0 fish (Dr. Robert Sheehan, Southern Illinois University at Carbondale (SIUC),
pers. comm.). Sturgeon populations worldwide have declined because of anthropogenic
influences. The structure and magnitude of genetic diversity of naturd populations of sturgeon
servesto buffer these fish againgt environmenta variation and should be maintained (Wirgin et al.
1997).

8.1.5 Habitat Requirements

Forbes and Richardson (1905), Schumulbach et al. (1975), Kadlemeyn (1983), and Gilbraith et
al. (1988) describe pdlid sturgeon as being afish wel adapted to life on the bottom in swift
waters of large, turbid, free-flowing rivers. Pdlid sturgeon evolved in the diverse environments
of the Missouri and Mississppi Rivers. Foodplains, backwaters, chutes, doughs, idands,
sandbars, and main channe waters formed the large-river ecosystem that provided macrohabitat
requirements for palid sturgeon and other native large-river fish. These habitats were higtorically
in acongant date of change. Mayden and Kuhgjda (1997) describe the natural habitats to
which the pallid surgeon is adapted as. braided channels, irregular flow patterns, flooding of
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terrestrid habitats, extensave microhabitat diversty and turbid waters. Today, these habitats and
much of the once functioning ecosystem has been changed by human devel opments.

The higtoric floodplain habitat of the Missouri and Missssppi Rivers provided important
functionsfor the native large-river fish. Floodplains were the mgor source of organic matter,
sediments and woody debris for the mainstem rivers when floodflows crested the river=s banks.
The trangition zone between the vegetated floodplain and the main channd included habitats with
varied depths described as chutes, doughs, or side channels. The chutes or doughs between the
iIdands and shore were shallower and had |ess current than the main channd. These areas
provided vauable diversity to the fish habitat and probably served as nursery and feeding areas
for many aquatic species (Funk and Robinson 1974). The gill watersin this trangtion zone
alowed organic matter accumulations, important to macroinvertebrate production. Both

shove nose sturgeon and pdlid sturgeon have a high incidence of aguetic invertebrates in thelr
diet (Carlson et al. 1985, Gardner and Stewart 1987). Floodflows connected these important
habitats and alowed fish from the main channel to utilize these habitat areas to exploit available
food sources.

Hoodflows dso stimulated spawning migrations. Both shovelnose sturgeon and paddiefish
Spawning migrations occur in response to increased flows in June (Berg 1981). Although thereis
no information on palid sturgeon spawning migrations, it is assumed these migrations would
amilarly occur in response to increased June flows.

Carlson et al. (1985) captured both pallid sturgeon and shovelnose sturgeon in gear-sets aong
sandbars on the insde of riverbends, and in degply scoured pools behind wing dams, indicating
overlap of habitat use by the two species. However, 4 of 11 pallids were captured in gear-sets
in swifter currents where shovelnose surgeon were less numerous. Although pdlid sturgeon and
shovelnose sturgeon habitat use and movements are Smilar in certain aspects, important
differences were noted by Bramblett (1996). Pdlid sturgeon showed significant preferences for
sandy substrates, particularly sand dunes and avoided gravel and cobble substrate (Brambl ett
1996). In contrast, shovelnose sturgeon sgnificantly preferred gravel and cobble substrates and
avoided sand.

Pdlid sturgeon were dso more specific and redtrictive in their use of macrohabitat sdection than
shovelnose sturgeon (Bramblett 1996). According to this sudy, pdlid sturgeon were found most
often in Snuous channds with idands or dluvid bars present. Straight channels, and channels
with irregular patterns or irregular meanders were only rarely used by palid sturgeon. Serd
stage of idands or bars near palid sturgeon was most often subclimax (Bramblett 1996).

Bramblett (1996) noted that because macrohabitats utilized by palid sturgeon were more
specific and redrictive than shovelnose sturgeon, features in these macrohabitats may be more
important to palid sturgeon than to shovelnose sturgeon. Bramblett (1996) found macrohabitats
used by palid sturgeon were diverse and dynamic. For example, palid sturgeon utilized river
reaches with snuous channel patterns and idands and dluvid bars which generdly have more
diversty of depths, current velocities, and subgirates than do rdatively straight channels without
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idands or dluvid bars. The diversity of channd features such as backwaters and sde channds
was aso higher. The subclimax riparian vegetationd seresin these areas are indicative of a
dynamic river channd and riparian zone (Johnson 1993).

In telemetry studies of pallid sturgeon on the MMR, Sheehan et al. (1998) found a positive
selection for main channd border and downstream idands tips and also for depositiond areas
between wingdams and deep holes off of wingdam tips. This seemsto correlate well with
Carlson et al. (1985). Sheehan et al. (1998) speculated that between wingdam areas and
downgtream idand tips may be used as velocity refugia and/or feeding Sations. Study sturgeon
were found mogt often in main channd habitat, however, they exhibited selection againd this
habitat type. Ther occurrence in such habitat was not surprisng consdering main channel
comprised gpproximately 65% of the available habitat in the study reach (Sheehan et al. 1998).

Congtant et al. (1997) reported that sturgeon were most frequently found in low dope areas and
that such areas were used in proportion to their availability. No sturgeon were observed on
extremely steep dopes. They found that sand made up over 80% of the subgtrate in low dope
areas where over 90% of pallid sturgeon were located. Constant et al. (1997) stated that the
preference for sand substrates in low dope areas suggests that pallid sturgeon use such areas as
current refugia. Sand substrates were found to have lower invertebrate dengties than substrates
of slt-clay which were generdly located on areas of steep dope which were exposed by swift
currents. As such, it would have been energetically costly for palid sturgeon to remain near
these subgtrates for extended periods of time. However, telemetry observations showed 55% of
sturgeon locations occurred within 10m of steep dopes, suggesting that palid sturgeon remained
near areas of high food abundance (Congtant et al. 1997).

Some caution must be utilized in evauating the results of habitat preference studies conducted in
the highly dtered river environments of today as there is no way to measure palid sturgeon
preference for habitats that no longer exist (Dr. Robert Sheehan, SIUC, pers. comm.). The
results of studies by Sheehan et al. (1998), Constant et al. (1997) and Bramblett (1996) are
indicative of the habitats being utilized by palid surgeon in the dtered environment of today.

8.1.5.1 Microhabitat Characteristics

Microhabitat characterigtics of palid sturgeon are just recently being described. Much of the
microhabitat research to date is being located in the Sgnificantly atered environments of
today. Thisresearch does not necessarily indicate preferred or required habitats, instead it
may only indicate which habitats of those presently available are used by the palid sturgeon.
Also, capture locations may have conditions representing seasond habitat preferences.

8.1.5.1.1 Current Veocity

Findings from a study on the Missouri River in South Dakota indicate that pallid sturgeon
most frequently occupy river bottoms where velocity ranges from 0 to 0.73 nv/s (Erickson
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1992). Other studiesin Montana found that they are most frequently associated with
water velocities ranging from 0.46 to 0.96 nv/s (Clancey 1990). Bramblett (1996) noted
palid sturgeon occupying bottom velocities ranging from 0.0 to 1.37 m/s. These velocities
are commonly found throughout the species range.

Pdlid sturgeon collected from the Missouri River above Garrison Reservoir in North
Dakota during spring and fall seasons of 1988 to 1991 were found in deep pools & the
downstream end of chutes and sandbars, and in the dower currents of near-shore aress.
These areas may have been providing good habitat for energy conservation and feeding
(USFWS 1993). Sheehan et al. (1998) indicated that there were no shiftsin habitat
sdlection and avoidance by MMR pallid sturgeon under three different velocity regimes
(low, medium and high discharge ranges of 0 - 165,000, 165,001 - 270,000 and
>270,000 cfs). Data collected by Constant et al. (1997) support observations that
shovelnose sturgeon tolerate lower current velocities than palid sturgeon (Carlson et al.
1985, Rudle and Keenlyne 1994, Bramblett 1996). They found that pallid sturgeon
catch-per-unit-effort (CPUE) declined following shutdown of the Old River Control
Structure and that no pallid sturgeon were collected when current vel ocity was reduced to
zero, dthough shovelnose sturgeon CPUE was highest at thistime.

8.1.5.1.2 Turbidity

Pdlid sturgeon higoricaly occupied turbid river sysems. Turbidity levels where palid
sturgeon have been found in South Dakota range from 31.3 Nephelometric turbidity units
(NTU) to 137.6 NTU (Erickson 1992). Pdlid sturgeon avoid areas without turbidity and
current (Bailey and Cross 1954, Erickson 1992) which may help explain why palid
sturgeon are no longer found in the Upper Missssppi River dackwater pools and the
Missouri River reservoirs, and have not expanded into other riversin the Mississppi
drainage, even though accessis available (Duffy et al. 1996).

8.1.5.1.3 Water Depth

The range of water depths where pallid sturgeon were frequently found in South Dakota
are 2to 6 m (Erickson 1992). In Montana, palid sturgeon were captured from depths
that ranged from 1.2 to 3.7 m in the summer, but they were captured in deeper waters
during winter (Clancey 1990). Other pdlid sturgeon collected in the upper Missouri,

Y dlowstone and Platte Rivers were captured in depths ranging from 1 to 7.6 m (Watson
and Stewart 1991, USFWS 1993). Bramblett (1996) found pallid sturgeon in depths
ranging from 0.6 to 14.5 m. This contrasts with Congtant et al. (1997) which found pallid
sturgeon at mean depths of 15.2 m and observed pallid sturgeon at depths of 7 and 21 m
with greater frequency than such areas were available. They dso found pallid sturgeon
amos completely avoiding areas <7m in depth.

8.1.5.1.4 Substrate
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Pdlid sturgeon are most frequently caught over a sand bottom, which is the predominant
bottom substrate within the species: range on the Missouri and Missssippi Rivers.
Congtant et al. (1997) noted that pallid sturgeon spent considerable time associated with
sand substrates. They noted that preference for sand substrates in low dope areas
suggests that palid sturgeon use such areas as current refugia (e.g., utilize sand-wave
troughs created as bed-material moves dong the river bottom (Gordan et al. 1992)). The
palid sturgeon collected on the Y elowstone River in July 1991 by Watson and Stewart
(1991) was over abottom of mainly gravel and rock, which is the predominant subsirate
at that capture ste. Reed and Ewing (1993) found sturgeon occurring in the man-made
rip-rap lined outfal channds of the Old River Control Complex in Louisana. Bramblett
(1996) found that pdlid sturgeon preferred sandy substrates, particularly sand dunes and
avoided substrates of gravel and cobble. Pallid sturgeon have adhesive eggs. Thus,
spawning is thought to occur over hard substrates of gravel or cobble with moderate flow
(Dr. Robert Sheehan, SIUC, pers. comm.).

8.1.5.1.5 Temperature

Pdlid sturgeon inhabit areas where the water temperature ranges from OE C to 30EC,
which is the range of water temperature on the Missouri and Missssppi Rivers. Sheehan
et al. (1998) noted that sturgeon habitat use in the MMR did not change with changesin
temperature regimes and stated that temperature would not seem to have an affect on
ether habitat use or habitat selection by MMR pdlid sturgeon. Curtiss (1990) found no
relation between surface water temperatures and depth used by shovelnose sturgeon on
the Missssippi River and no indication that shovelnose sturgeon were moving into deeper,
cooler water (if available) as water temperature increased. Current research, however,
indicates that palid sturgeon spawning is directly linked to water temperature. Aswater
temperature increases to 62-65EF, palid sturgeon initiate spawning activity (Steve Krentz,
USFWS, pers. comm.).

8.1.6 Rangewide Distribution and Abundance of Habitat

The higtoric range of the palid sturgeon as described by Bailey and Cross (1954) encompassed
the middle and lower Mississppi River, the Missouri River and the lower reaches of the Platte,
Kansas and Y dlowstone Rivers. Duffy, et al. (1996) stated that the historic range of pdlid
sturgeon once included the Mississippi River upstream to Keokuk, lowa, before the river was
converted into a series of locks and dams for commercid navigation (Coker 1930). Pdlid
sturgeon evolved in the diverse environments of these river systems. Floodplains, backwaters,
chutes, doughs, idands, sandbars, and main channd waters formed the large river ecosystem that
provided the macrohabitat requirements for palid surgeon. These habitats were higtoricaly in a
congtant state of change. Today, naturd fluvia processes have been dtered by human
modification of the river systems which have anchored the river channelsin place. Such
modifications have affected the abundance and distribution of palid sturgeon habitat.
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The current range of the palid sturgeon includes the Mississippi River from its mouth upstream to
Melvin Price Locks and Dam (river mile 202.0), the Missouri River, the lower Y azoo/Big
Sunflower and St. Francis Rivers, the lower Kansas and Y elowstone Rivers and the Atchafaaya
River. Thetota length of the speciesrange is approximatey 3500 miles. However,
gpproximately 51% of this area has been channdlized for navigation and 28% has been
impounded. The remaining 21% of the range is below dams and, therefore, has atered
temperature, flow and sediment dynamics (Keenlyne 1989, Bramblett 1996). Approximately
49% of the species current range is conddered unsuitable habitat due to impoundments. The
remaining 51% of the species range has been sgnificantly affected by channdization. The
amount of potentialy suitable palid sturgeon habitat remaining within this areais currently
unknown.

The 1993 Pdllid Sturgeon Recovery Plan indicates Sx recovery-priority management aress.
These areas provide the greatest probability for recovering the species, and include: (1) the
Missouri River from the mouth of the Marias River to the headwaters of Ft. Peck Reservoair; (2)
the Missouri River from Ft. Peck Dam to the headwaters of Lake Sakakawesa, including the

Y dlowstone River upstream of the mouth of the Tongue River; (3) the Missouri River from 20
miles upstream of the mouth of the Niobrara River to Lewis and Clark Lake; (4) the Missouri
River below Gavins Point Dam to its confluence with the Mississppi River; (5) the Mississppi
River from its confluence with the Missouri River to the Gulf of Mexico; and (6) the Atchafdaya
River digributary system of the Gulf of Mexico.

8.1.7 Factors Affecting Pdlid Sturgeon Rangewide
8.1.7.1 Habitat Loss and Degradation

Alteration of habitat has been amgor factor in the decline of palid sturgeon populations.
Approximately 51% of its range has been channelized, 28% impounded and the remaining
21% affected by upstream impoundments by atering flow regimes, temperatures and
sediment dynamics. All of these factors have adversely affected the fish by blocking
movements to spawning and/or feeding areas, destroying Spawning habitats, atering
conditions or flows of potentid remaining spawning aress, reducing food sources and/or the
ability to obtain food, or dtering remaining substrates and conditions necessary for the fisrs
surviva (Keenlyne 1989).

8.1.7.2 Commercia Harvest
Higtoricdly, palid, shovelnose, and lake sturgeon (Acipenser fulvescens) were commercidly
harvested on the Missouri and Missssippi Rivers (Hems 1974). The larger lake and palid

sturgeon were sought for their eggs which were sold as caviar, whereas shovelnose sturgeon
were destroyed as a by catch.
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Commercid harvest of dl sturgeon has declined substantially since record keeping began in
the late 1800's. Most commercia catch records for sturgeon have not differentiated between
species. Combined harvests as high as 195,450 kg (430,889 |bs) were recorded in the
Mississippi River in the early 1890's, but had declined to less than 9,100 kg (20,062 |bs) by
1950 (Carlander 1954). Lower harvests reflected a decline in shovelnose sturgeon
abundance since the early 1900's (Pflieger 1975).

8.1.7.3 Pallution/Contaminants

Although more information is needed, pollution is alikely threet to the species over much of
itsrange. Pollution of the Missouri River by organic wastes from towns, packing houses, and
stockyards was evident by the early 1900's and continued to increase as populations grew
and additiond industries were established dong the river (Whitdy and Campbell 1974). Due
to the identified presence of avariety of pollutants, numerous fish-harvest and consumption
advisories have been issued over the last decade or two from Kansas City, Missouri, to the
mouth of the Missssippi River. This represents about 45% of the palid Surgeorrs range.

Polychlorinated biphenyls (PCB:s), cadmium, mercury, and slenium have been detected a
elevated concentrations in tissue of three pallid sturgeon collected from the Missouri River in
North Dakota and Nebraska. Detectable concentrations of chlordane, DDE, DDT, and
dieldrin dso were found (Rudle and Keenlyne 1993). Abandoned landfills, mines, sewage
treatment plants, and industries have a high potentia to contaminate pallid sturgeon habitatsin
severd dates. The prolonged egg maturation cycle of the pallid sturgeon, combined with an
inclination for certain contaminants to be concentrated in eggs, could make contaminants a
likely agent adversdly affecting developing eggs, development of embryos, or surviva of fry,
and thereby, reduce reproductive success.

8.1.7.4 Hybridization

Carlson et al. (1985) studied morphological characterigtics of 4,332 sturgeon from the
Missouri and Middle Missssppi Rivers. Out of this group, he identified 11 pallid sturgeon
and 12 palid/shovelnose sturgeon hybrids. Suspected hybrids have been noted in
commercid fish catches on the lower Missouri and middle and lower Missssppi Rivers.
Bailey and Cross (1954) did not report hybrids, which may indicate that hybridization isa
recent phenomenon resulting from environmenta changes caused by human-induced
reductions in habitat diversty and measurable changes in environmenta variables such as
turbidity, flow regimes, and substrate types (Carlson et al. 1985). A study by Keenlyne et
al. (1994) concluded that hybridization may be occurring in haf of the river reaches within the
range of palid sturgeon and that hybrids may represent a high proportion of remaining
sturgeon stocks. Hyhbridization could present a threet to the surviva of palid sturgeon,
through genetic swvamping if the hybrids are fertile, and through competition for limited habitat
(Carlson et al. 1985). Keenlyne et al. (1994) noted few hybrids showing intermediacy in all
characteristics as would be expected in afirst generation cross. This provides some
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indication the hybrids are fertile and reproducing.

Campton et al. (1995) collected data that support the hypothesis that pallid and shovelnose
sturgeon are reproductively isolated in less-atered habitats, such as the Upper Missouri
River. Bramblett (1996) found substantia differences in habitat use and movements between
adult pallid and shovelnose sturgeon.  Presumably, the loss of habitat diversity caused by
humean induced environmenta changes inhibits naturaly occurring reproductive isolating
mechanisms (Campton et al. 1995). Sheehan et al. (1997b) noted that hybridization points
to the fact that amilar areas are being used by both species for spawning.

Hubbs (1955) indicated that the frequency of naturd hybridization in fish was a function of the
environment, and the seriousness of consequences of hybridization was dependent on hybrid
viability. Hybridization can occur in fish if spawning habitat islimited, if many individuas of
one potential parent species livesin proximity to alimited number of the other parent pecies,
if spawning habitat is modified and rendered intermediate, if Spawning seasons overlap, or
where movement to reach suitable spawning habitat is limited (Hubbs 1955). All of these
conditions exist to some extent within the range of palid and shovelnose surgeon. Any of
these conditions, or acombination of them, could be causing the apparent breakdown of
isolating mechanisms which prevented hybridization between these speciesin the past
(Keenlyne et al. 1994).

Sheehan et al. (1997b) speculated that incidental harvest of pallid sturgeon by the
commercid shovenose sturgeon fishery may be afactor in hybridization between the two
species. Mde palid sturgeon reach sexua maturity at 5-7 years while females reach sexud
maturity at approximately 15 years (Keenlyne and Jenkins 1993, Keenlyne et al. 1992). For
thisreason, femaes are a a greater risk of mortaity before maturity and, as such, incidenta
or illegd harvest of femae pdlid sturgeon may skew the sex ratios. Thiswould then possibly
increase the incidence of hybridization as mature male pallid sturgeon, unable to find mature
femades, spawn with shovelnose sturgeon (Sheehan et al. 1997b). Sheehan et al. (1997b)
and Carlson and Pflieger (1981) noted a 3:2 ratio of hybrid sturgeon to pallid sturgeon.
Sheehan et al. (1997b) speculated that if thisis representative of the sturgeon population in
the MMR, hybridization may pose asignificant threat to palid surgeon as the species
continues to introgress with shovelnose sturgeon.

8.1.8 Summary

Pdlid sturgeon distribution and abundance have dradticdlly declined. In various studies, pdlid
sturgeon have represented from 0.29% to 11% of total sturgeon collected. In commercia catch
surveys, palid sturgeon have composed 0 to 26% of sturgeon collected. Habitat modification is
consdered the primary factor affecting pallid sturgeon populations. Approximately 49% of the
palid sturgeorys higtorica range has been modified to the extent that it is no longer suitable. All
remaining habitat has been substantialy impacted by channdization. The speciesis now
relegated to three genetically isolated sub-populations (Upper Missouri River, Lower Missouri
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River-MMR-Lower Missssippi River, Atchafdaya River). Within these sub-populations are
even smadller, perhgps non-viable and isolated populations. The populations have little
opportunity for genetic exchange. Evidence of successful reproduction is rare and
documentation of recent recruitment is non-existent.

As habitat loss continues, other factors affecting palid sturgeon, such asincidentd/illegd harvest
and hybridization, become more problematic. Further, habitat modification exacerbates the
effects of these factors, such as hybridization.

Although specific microhabitat data are limited, we know the genera habitat needs of the
species. Theseinclude braided channds, irregular flow patterns, flood flows, turbidity, and
extensgve microhabitat diversty. Further, it is reasonable to draw inferences from data collected
for other large river fish which evolved under smilar river conditions

8.2 Environmental Basdine

The Section 7 environmentd basdline for this biologica opinion is an anadyss of the effects of past
and ongoing human and natura factors leading to the current status of the species, its habitat, and
ecosystem, within the action area. Along with a discussion of the past and present impacts
associated with congtruction, operation and maintenance of the 9-Foot Channel Project, the
basdine includes the following: 1) State, locd and private actions dready affecting the species or
that will occur contemporaneoudy with this consultation; 2) unrelated Federa actions affecting palid
sturgeon that have completed forma or informa consultations, and 3) Federd and other actions
within the action area that may benefit pallid sturgeon.

8.2.1 Status of the speciesin the action area

The action areafor this andysis encompasses the Missssippi River from the confluence of the
Ohio River (river mile 0.0) to Minnegpolis-St. Paul, Minnesota (river mile 854.0) and portions of
the Lower Missouri River and Lower Mississppi River. It dso includes the navigable portions
of the lllinois, Kaskaskia, Minnesota, Black and St. Croix Rivers.

8.2.1.1 Higoric and current distribution in the action area

The current range of palid surgeon in the action areaincludes the Missssppi River from the
confluence of the Ohio River to the mouth of the Missouri River (river mile 196.0), localy
referred to asthe Middle Missssppi River (MMR), the mouth of the Missouri River to
Melvin Price Locks and Dam (river mile 202.0), the Lower Missouri River and the Lower
Mississppi River. The higtoric range of palid sturgeon within the action area o included
the Mississppi River upstream to Keokuk, lowa, (UMR mile 364.0) (Duffy et al. 1996).

8.2.1.2 Population status and trends in the action area
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Littleis known about historic abundance of palid sturgeon inthe MMR. Aslate as the mid-
1900's, it was common for pallid sturgeon to be talied in commercia catch records as either
shovelnose or lake sturgeon (Keenlyne 1995). However, correspondence and notes of
researchers suggest that palid sturgeon was il fairly common in many parts of the
Missssppi and Missouri River systems as late as 1967 (Keenlyne 1989). Declines of pdlid
sturgeon populations in the MMR appears to have occurred in recent years coincidental with
the development of the river for flood control and navigation (Deacon et al. 1979, Keenlyne
1989).

Pallid sturgeon have been captured in the MMR in the vicinity of Ste. Genevieve, Missouri,
Chegter, lllinais, and Cape Girardeau, Missouri. While population estimates are lacking,
recent collection efforts indicate that pallid surgeon are now rarein the MMR. Carlson et al.
(1985), for example, collected 1 pallid sturgeon, 7 hybrids and 1897 shovelnose sturgeon at
two MMR sampling stations during 1978-1979. Similarly, sampling in 1997 and 1998, by
the MoDOC, collected 7 pallid sturgeon compared to 1549 shovelnose sturgeon (Petersen
1999). Significantly, however, in 1998, they aso collected a young-of-the-year palid
surgeon. Thisisone of only two instances in recent years, throughout the range of the
species, indicating successful palid sturgeon reproduction.

In response to obvious declines in palid sturgeon numbers, MoDOC began an augmentation
effort by releasing fingerlings raised a Blind Pony State Fish Hatchery. Approximately 7000
fingerlings were released in the Missouri and Missssppi Riversin 1994 and an additiond
3000 fingerlings were released in 1997 (Graham 1997, 1999). Sincetherelesse,
approximately 86 tagged pallid sturgeon have been reported. Most of these fish are being
reported below . Louis likely due to higher numbers of commercid fisherman in the
Missssppi River (Graham 1999).

Field surveys of Scaphirhynchus stocks suggest arelatively high incidence of hybridization
between shovelnose sturgeon and palid sturgeon in the MMR (Sheehan 1997a, 1997D,
1998). Sheehan et al. (1997b) and Carlson and Pflieger (1981) noted a 3:2 ratio of hybrid
sturgeon to pallid sturgeon. Sheehan et al. (1997b) speculated that if thisis representative of
the sturgeon populations in the MMR, hybridization may pose a significant threet to palid
sturgeon as the pecies continues to introgress with shovelnose sturgeon.

The MMR condtitutes approximately 5% of the palid sturgeorrs total range. However,
approximately 49% of the species range has been affected by impoundments and is currently
consdered unsuitable palid sturgeon habitat. Therefore, the MMR represents approximately
10% of the species range which is unaffected by impoundments and which may potentialy
provide suitable habitat.

According to the recovery plan, the MMR is part of recovery-priority area#5 which conssts

of the Mississppi River from its confluence with the Missouri River to the Gulf of Mexico.
Recovery-priority areas were selected based upon most recent pallid sturgeon records of
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occurrence and the probability that the areas till provide suitable habitat for restoration and
recovery of the species. These areas are typically the least degraded and have the highest
habitat diversty, and in some reaches il exhibit a naturd channd configuration of sandbars,
side channels, and varied depths.

Littleis aso known about the historic abundance of palid sturgeon in the Lower Missouri
River and the Lower Missssippi River. The current population sSze in both areas is unknown,
however, records indicate that palid surgeon in these river ssgments remain rare and widdly
scattered. Carlson et al. (1985) collected 5 palid sturgeon and 4 hybrids from the Lower
Missouri River and 5 palid sturgeon and 1 hybrid from the Lower Missssppi River from
1978-1979. Constant et al. (1997) collected 2 hybrids from the Lower Mississppi River
from 1993-1995. Hybridization with shovelnose sturgeon appears prevaent in both river
segments. Evidence of successful reproduction has been lacking until recently. In August
1999, one confirmed and two probable pallid sturgeon larvae were collected from the Lower
Missouri River (Am Milligan, USFWS, pers. comm.).

As previoudy discussed (see Status Section), the pdlid sturgeon range has become
reproductively fragmented. Some remnants of its historical connectedness, however, persst
with genetic exchange il likely among the Lower Missouri River, MMR, and the Lower
Missssppi River. Assuch, the MMR serves as an important genetic conduit for the pallid
sturgeon populations occurring in the Lower Missouri and Lower Missssppi Rivers. Pdlid
sturgeon movements can occur over great distances. Bramblett (1996) noted a maximum
home range on the Y dlowstone River of gpproximately 199 miles. Other studies indicate
movements of 60 or more miles (Sheehan et al. 1998). In addition, larval pallid sturgeon
may drift in the water column up to 13 days (Kynard et al. 1998). Caculations of velocities,
therefore, indicate that larva sturgeon may drift for a distance of potentialy over 400 miles
(Steve Krentz, USFWS, pers. comm.). These particular life history characteristics
underscore the importance of the interconnectedness of the Missouri and Mississppi Riversin
terms of pdlid sturgeon population biology. For example, adult palid sturgeon inthe MMR
may migrate upstream to the Lower Missouri River to spawn. Larva sturgeon may then drift
only ashort distance over a period of a couple of days and settle out in the Lower Missouri
River. Alternatively, theselarva fish may drift over along distance over a period of 8 or
more days and settle out in the MMR. The areas where larval sturgeon settle out are likely
dependent upon a number of factors including habitat avallability. This same scenario is
possible for palid sturgeon in the Lower Missssppi River which may migrate to the MMR to

spawn.

The interconnectedness of these river systems helps maintain the genetic connectivity and
continuity of palid sturgeon by ensuring that genetic materid is dispersed throughout the
population and genetic diversty ismaintained. According to Wirgin et al. (1997), the
sructure and magnitude of genetic diversity of naturd populations of sturgeons servesto
buffer these species againg environmenta variation and should be maintained.
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8.2.1.3 Didtribution and abundance of habitat in the action area

The MMR higtoricaly had a meandering pattern and shifted its course over the years, leaving
oxbow lakes and backwaters (Theiling 1999). The undeveloped river was shdlow and
characterized by a series of runs, pools and channel crossings thet provided a diversity of
depth (Theiling 1999). In 1824, the MMR surface area totaled 109 mi? (87.2% riverbed,
12.8% idands) (Smonset al. 1974). In 1796, Collot (1826) surveyed the river and mapped
55 sde channels. His historica account describes avery dynamic system with the capability
to create and maintain adiversity of habitat types. In describing the greet potentid for change
in the system, Callot (1826) wrote:

AThe Mississippi River has not only the inconvenience of being of an immense
extent, of winding in a thousand different directions, and of being intercepted
by numberlessidlands; its current is likewise extremely unequal, sometimes
gentle, sometimes rapid; at other times motionless; which circumstances will
prevent, aslong as both sides remain uninhabited, the possibility of obtaining
just data with respect to distances. But an insurmountable obstacle will
always be found in the instability of the bed of thisriver, which changes every
year; here a sharp point becomes a bay; there an island disappears altogether.

Further on, new islands are formed, sand-banks change their spots and
directions, and are replaced by channels; the sinuosities of the river are no
longer the same; here where it once made a bend it now takes a right
direction, and there the straight line becomes a curve; here ravages and
disorders cannot be arrested or mastered by the hand of man, and it would be
extreme folly to undertake to describe them, or pretend to give a faithful chart
of this vast extent of waters, as we have done for the course of the Ohio, since
it would not only be useless but dangerous.{

Today, the natura meandering processes of the MMR have been dtered through
channelization. Wingdams, revetments, closing structures and bendway weirs have fixed the
channd in place, disrupting the dynamic processes that create and maintain palid sturgeon
habitat. Asaresult, the diverse habitats to which pallid sturgeon are adapted (e.g., braided
channds, irregular flow patterns, flood cycles, extensve microhabitat diveraty and turbid
waters) continue to decline in qudity and quantity. By 1968, theriver surface area had
declined to 100 mi? and the river width to an average 3200 feet (Smons et al. 1974). Today
only 25 sde channds remain (USACE 1999b). Recent studies by Theiling et al. (1999)
indicate that river surface area and width continues to decline and side channds continue to
be logt.

According to the Corps biologica assessment (USACE 1999a), there are 16,966 acres of
sandbar below the LWRP+10 feet on the MMR. This habitat is available to the palid
sturgeon depending upon river stage. Of this amount, approximately 11,699 acres occur
below the LWRP and is available to palid sturgeon approximately 97% of thetime. Itis
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unknown how much sandbar habitat occurring at shalow water eevations higoricdly
occurred inthe MMR. Trendsin the Lower Missssippi River provide some indication of the
amount of sandbar habitat which may have been lost. According to information provided by
the Corps, 85,165 acres of sandbar habitat occurred below the LWRP in 1948. The amount
of habitat has fluctuated over time and totaled 81,414 acresin 1994. Thisreflects a4.4%
decline in sandbar habitat occurring below the LWRP. Sandbar area below the LWRP +10
elevation declined by 13.7% from 1948 (151,796 acres) to 1994 (131,008 acres). Sandbar
area below LWRP +20 declined by 25% from 1948 (209,082 acres) to 1994 (156,904
acres). The amount of sandbar habitat below LWRP +20 has declined steadily from 1948 to
1994 including a 21.1% decline from 1965 to 1994 and a 10.7 % decline from 1988 to
1994.

The naturd meandering processes of the Lower Missouri River and Lower Missssippi River
have aso been dtered through channdization. Such dteration has affected the distribution
and abundance of habitat in these river segments in much the same way the MMR has been
affected.

8.2.2 Factors affecting the species environment within the action area
8.2.2.1 Channe Training Structures

Channd training structures have adversdly affected palid sturgeon by affecting the quality and
quantity of habitats in the MMR to which the speciesis adapted (e.g., braided channels,
irregular flow patterns, flood cycles, extensve microhabitat diversity and turbid waters). This
loss of habitat has reduced pallid sturgeon reproduction, growth and surviva by (1)
decreasing the availability of spawning habitat; (2) reducing larva and juvenile palid sturgeon
rearing habitat; (3) reducing the availability of seasond refugia; and (4) reducing the
availability of foraging habitat. In addition, loss of habitat is believed to have contributed to
the hybridization of palid and shovelnose sturgeon (Carlson et al. 1985, Keenlyne et al.
1993, Campton et al. 1995). These habitat changes have aso reduced the natural forage
base of the pallid sturgeon, which is another likely contributing factor in its decline (Mayden
and Kuhgda 1997).

The MMR higtoricdly had a meandering pattern and shifted its course many times over the
years, leaving oxbow lakes and backwaters (Theiling 1999). The undeveloped river was
shdlow and characterized by a series of runs, pools and channel crossings that provided a
diverdty of depth dong the main channel (Thelling 1999). Currently the MMR channd is
fixed as aresult of channe training Sructures and no longer alowed to meander acrossthe
floodplain. In 1824, the MMR surface area totaled 109 mi? (87.2% riverbed, 12.8%
idands), and in 1888, surface areaincreased to 163 mi? (78.5% riverbed, 21.5% idands).
Average river width increased from 3600 feet in 1824 to 5300 feet in 1888 (Smons et al.
1974). Thisincrease in surface area and width is thought to have been caused by a sevies of
floods between 1844 and 1888 and by changes in land use (e.g., clearing of floodplain timber
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for seamboat fud and lumber and converson of floodplain to agriculturd use) (Smonset al.
1974, Strauser 1993). These examples are an indication of the river=s surface area and width
a particular pointsintime. However, the magnitude of the change from 1824 to 1888 is
indicative of the dynamic nature of the MMR and the great potentiad for change described by
Callot (1826), indicating that river surface area and width has probably never been satic. In
1968, due to the congtruction of channd training structures (dikes/revetments), the river
surface area had decreased to 100 mi? and the river width to an average of 3200 feet. From
1888 to 1968 there was a 38.7% decrease in river surface area and a 39.6% decrease in
average river width (Smonset al. 1974, Fremling et al. 1986). Fixing the river channd in
place and reducing river surface area and width have affected natura river processes that
creste and maintain aquatic habitats over time and the quantity of those habitats.

The effect of channd training structures in reducing channd width and surface area, and
thereby habitat diversity, was most gpparent within afew years of consgtruction. However,
athough occurring a adower rate, the effects are ongoing. For example, in evaluating Sde
channel sedimentation and land cover changein the MMR, Thelling et al. (1999) found that
main channd habitat decreased by 1667 acres in the Sx study reaches during the period 1950
to 1994. Of this amount, approximately 412 acres were lost from 1975 to 1994. In
addition, dikes and revetments have not only narrowed the river channd, but degpened it as
well (Chen and Simons 1986, Nielson et al. 1984). Simons et al. (1974) gave the following
example of riverbed degradation in a 14-mile reach of the MMR due to channel congtriction:

ABy 1966 the river had been contracted to an average width of 1800 feet. The
riverbed had lowered about 8 feet between 1889 and 1966. In July 1967, the
Corps of Engineers selected this 14-mile reach as a test reach to develop
design criteria on obtaining and maintaining a dependable 9-foot deep
navigation channel. [ Degenhardt 1973]. Between 1967 and 1969, this test
reach narrowed from 1800 feet to 1200 feet in width. In 1971, the riverbed
was resurveyed. The contraction from 1800 feet to 1200 feet had resulted in a
3-foot lowering of the riverbed [ Degenhardt 1973]. In 1971 the low-water
riverbed in the 14-mile reach between mile 140 and 154 was on the average
11 feet lower than in 1889.0

Channd training structures have aso dtered the naturd hydrograph of the MMR by
contributing to higher water surface eevations at lower dischargesthan inthe past andto a
downward trend in annua minimum stages (Smons et al. 1974, Wlosinski 1999). Wlosinski
(1999) found water-surface elevations have decreased at the same low discharge of 60,000
cfs during the period from 1880 to present. The downward shift of annua minimum stages
can be partidly attributed to the degradation of the low-water channd by wingdams (Smons
et al. 1974). River dages fluctuate as much as 15 m annudly, effectively dewatering some
secondary channels during low stages (Fremling et al. 1989). Asaresult, previoudy aguatic
habitats are now dry at low discharges (Wlosinski 1999). This has potentialy reduced the
avalahility of palid sturgeon spawning habitat through the loss of habitat complexity.
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Side channels serve as important nursery areas and as refugia from the swift currents and
harsh environments of the thaweg (Environmenta Sci. and Eng. 1982, Fremling et al. 1989).
Recent evidence suggedts that side channels may be important rearing areas for larva palid

sturgeon. 1n 1999, one confirmed and two probable larva palid sturgeon were collected
from alarge sandbar complex at the lower end of Lisbon Chute, areconnected side channel
of the Missouri River (Missouri River mile 214.7) (3m Milligan and Joanne Grady, USFWS,
pers. comm.). In addition, adult pallid sturgeon have been captured in MMR side channdls
(Mike Peterson, MoDOC, LTRM Station, pers. comm.). Furthermore, Side channels are an
integral component of the habitat complexity of the MMR ecosystem. These areas not only
provide nursery areas and refugiafor fish, but serve an important role in the cycling of
nutrients and in the production of food organisms for many species.

Initsnatura dtate, an dluvid river dividesitsef into two or more channels by the processes of
elither erosion or deposition. Side channels which are obliterated by deposition are replaced
by new side channd's caused by floods and/or river migrations. Inthe MMR, theriver isno
longer free to migrate and produce new side channds (Smons et al. 1974) due to channel
training structures (e.g., wingdams, revetments, closng structures). Side channelsin the
MMR have been closed off and others have sedimented in (Smons et al. 1975, Thelling
1999). Theloss of sde channesiswell documented. In 1797 there were 55 Side channdls
(Callot 1826), 35in 1860 (Smons et al. 1974), 27 in 1968 (Smons et al. 1974), and only
25 today (USACE 1999b). Many of those that remain are degraded and much smaller than
inthe past (Thelling et al. 1999). For example, within the Sx study reaches andyzed, Thelling
et al. (1999) noted that approximately 918 acres of secondary channel habitat was lost
during the period 1950 to 1994 due to closing structures and resulting sediment accumulation
and terrestrid encroachment. Of this amount, approximately 275 acres were lost from 1975
t0 1994. In the absence of further human-induced changes in hydrology or geomorphology
of the MMR, mogt of the remaining sde channes may disappear (Theiling 1999). The loss of
side channels has reduced larvd and juvenile rearing habitat, reduced the availability of
seasond refugia, reduced the availability of foraging habitat and reduced the naturd forage
base of pdlid sturgeon by reducing the nutrient cycling ability of the MMR.

Just as changes in river processes have diminated channel meandering that creates new Sde
channds, development of new sand bar habitat (aquatic and terrestrial) is dso inhibited.
Bendway weirs were developed to inhibit point-bar establishment in bends and channd
crossings and to reduce the need for dredging in these areas. They condst of a series of
submerged dikes (>3m below the LWRP) generdly constructed around the outer edge of a
river bend. In recent years, bendway weirs have also been utilized in other depositiond areas
inthe MMR. Each dike is angled 30 degrees upstream of perpendicular to divert flow, in
progression, towards the inner bank. The result is hydraulicaly controlled point bar
development and reduced channel downcutting throughout the bend.

Resource agencies have expressed concern over the effect bendway weirs have on the

-185-



aguatic environment. Asaresult, a Bendway Welr Fish Sampling Team was established and
various studies have been conducted to document the effects of bendway weirs.
Hydroacoustic surveys of fishes were conducted in August 1994 and September 1995 in four
river bendsin the MMR (Kasul and Baker 1995, 1996). In 1994, two of the four river
bends had bendway weirs. 1n 1995, dl four bends had bendway weirs. An additiona bend
without weirs was aso sampled in 1995. According to the Corps: biological assessment,
based on the 1994 data, the two bends with weirs (Dogtooth and Price) had a 2.2x higher
dengity of fishes than the two bends without weirs. Thisis accurate for the data collected on
the outside bank. However, the mean number of fish per hectare for the entire bend was
higher for bends without weirs (1894) than for the bends with weirs (1402). In addition, the
bends without weirs had a sgnificantly higher number of fish per hectare located on the insde
bank than the bends with weirs (Kasul and Baker 1995).

A comparison of 1994 and 1995 data for Greenfield and Cape bend provides between year
information for bends without weirs (1994) and bends with weirs (1995). The mean number
of fish in Greenfield bend increased for the entire bend areafrom 1994 to 1995. Much of this
increase occurred adong the outside bank. Fish numbers dong the inside bank declined from
2599 in 1994 to 1506 in 1995 indicating a redistribution of fish across the cross-section of
the channd from the ingde bank to the outsde bank. The mean number of fish per hectare
within the entire bend and both the outside bank and inside bank also increased in Cape bend
from 1994 to 1995. The mean number of fish per hectare also increased between 1994 and
1995 for Dogtooth and Price bends (with weirs). There was a sgnificant increase in the
mean number of fish occurring along the insde bank of Dogtooth bend from 1994 (287) to
1995 (1138). Thismay reflect the re-establishment of channd equilibrium following bendway
welr construction and recovery of the benthic macroinvertebrate community. Scutters bend is
the only bend without weirs andyzed in 1995. The mean number of fish per hectare for this
bend was higher than the numbers for Price and Cape bends, but lower than Greenfield and
Dogtooth bends. [Data from Kasul and Baker 1995 and 1996]

In addition, the effects of bendway weirs on point-bar fishery habitat were sudied on the
Lower Mississppi River (Schramm et al. 1997, 1998) by comparing the changesin late-
faling and low-river stage dectrofishing catch rates of prevaent fishes before (1994) and
after (1996 and 1997) ingallation of bendway weirs a Victoria Bend relative to the changes
in catch rates of the same fishes at Rosedae Bend, a nearby reference site without bendway
welrs. Largeinteryear variation in catch rates were observed and, for most prevalent species,
catch rates declined from 1994 to 1996 in sandbar habitats. However, sgnificant declinesin
catch rates of prevalent species at Victoria Bend relative to changes in catch rates at the
reference site were only noted for gizzard shad. Conversdly, catch rates for goldeye, channel
catfish, and flatheed catfish a sandbar habitat during late-fdling river stage sgnificantly
declined from 1994 to 1996 a Roseda e Bend while caich rates remained smilar a Victoria
Bend. [excerpt from USACE 19994

No datafor palid sturgeon were collected for the above referenced study. However, palid
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surgeon fal within aguild of fishesreferred to as rheophilic. Rheophilic fish are found in
swift-flowing main and secondary channd habitats. These species are adapted to live at the
bottom of the river where currents are dower and to seek shdlter in flow refugia such as dike
fidds and snags (USACE 1999b). Blue catfish and channd catfish are dso rheophilic fish.
Therefore, datafrom Schramm et al. (1997, 1998) concerning blue catfish and channd
catfish may provide ingght regarding the effects of bendway weirs on palid sturgeon.
According to Schramm et al. (1997, 1998), catch rates for channe catfish during late-faling
river stages at sandbar habitat declined from 1994 (16.00 +/- 5.0SE) to 1996 (0.20 +/-
0.20SE) at Rosedde Bend in 1997. No channd catfish were collected in sandbar habitat at
Rosedde Bend during late-faling river stages. Channd catfish dso declined in sandbar
habitat during late-falling river stages at Victoria Bend from 1994 (1.86 +/- 0.51SE) to 1996
(0.25 +/- 0.25SE) and from 1994 to 1997 (1.50 +/- 0.87SE). Blue catfish declined at
sandbar habitat during late-faling river stages at both Rosedde Bend and Victoria Bend from
1994 to 1996 and 1997.

During low river sagesin sandbar habitat blue catfish increased at both Victoria Bend and
Rosedde Bend from 1994 to 1996. Blue catfish numbers increased dightly in 1997 (2.0 +/-
1.15SE) at Victoria Bend compared to 1994 (0.2 +/- 0.20SE) and decreased dightly in
Rosedale Bend from 1994 (1.0 +/- 1.0SE) to 1997 (0.0). According to Schramm et al.
(1997), channd catfish increased during low river stlages on sandbar habitat at Victoria Bend
from 1994 (0.0) to 1997 (5.25 +/- 2.59). A dight increase in channdl catfish was aso noted
at Rosedale Bend. However, it should be noted that Schramm et al. (1998) did not report
catch rates for channe catfish during low river stagesfor 1994 and 1996. Similar trends for
both blue catfish and channd ceatfish were noted for revetted habitat. These dataindicate
someinteryear variaion in catch rates for channe catfish and blue catfish. However, the data
do not present sufficient information to develop conclusions concerning the effects of
bendway weirs on rheophilic fish.

In genera terms, the results of various studies indicate that fish redistribute across the channel
cross-section from the inside bank to the outside bank as aresult of bendway weirs. Thisis
most likely in response to increases in macroinvertebrate abundance (Ecologica Specididts,
Inc. 1997a) and the low veocity fields that develop behind each weir. Bendway weirs dso
cause channd bottom aggradation aong the outside bend, which may have some benefit by
reducing water leve fluctuaionsin adjacent Sde channels. This benefits palid sturgeon by (1)
increasng the avalability of larva and juvenile rearing habitat; (2) increasing the availability of
seasond refugia; and (3) increasing subdrate diversity, which influences macroinvertebrate
production, thus, increasing the natura forage base of palid sturgeon.

While the above beneficia effects of bendway welrs is noted, the effect of bendway weirs on
insgde bend point bar habitat isunclear. As stated previoudy, bendway weirs control point
bar development and are also being utilized to address other depositiond areas. Bendway
welrs aso increase water velocities dong the insde bend by redirecting channd flow.
Shdlow water, low dope, sandbar habitat is thought to be important to juvenile palid
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sturgeon, and perhaps, other life sages. Thisisthe habitat type in which a young-of-the-year
pallid sturgeon has recently been captured in the MMR (Petersen and Herzog 1999) and
larva palid sturgeon were recently collected from alarge sandbar complex on the Missouri
River (Jm Milligan, USFWS, pers. comm.). According to Sheehan et al. (1998) pallid
sturgeon exhibited a positive sdection for downstream idand tips (depositiond areas) in terms
of habitat use versus availability. Asexigting sandbar habitat continues to accrete and revert
to woody vegetation, aquatic sandbar habitat will continue to decline in quantity. Thus,
bendway weirs likely reduce larval and juvenile rearing habitat and feeding habitat for dl life
stages.

According to the Corps biologica assessment (USACE 1999a), there are gpproximately
16,966 acres of sandbar habitat below the LWRP+20 devation in the MMR. Of this
amount, 11,699 acres occurs below the LWRP and is available to palid sturgeon
approximately 97% of the time The remainder is available to palid sturgeon depending on
river sage. However, much of this sandbar habitat occurs in relatively straight reaches of the
main channd where current velocities are most extreme. Although palid sturgeon are
adapted to high velocity habitats, they typicaly seek out lower velocity refugiawithin these
high velocity aress. Therefore, much of the existing sandbar habitat is not likely suitable
habitat for palid sturgeon.

Although it is unknown how much sandbar habitat, at shalow water devations, historicaly
occurred in the MMR, theloss of channd surface area and width, riverbed degradation, past
dredging practices and sediment accretion suggest that much of this habitat type has been logt.
Existing sandbar habitat continues to accrete and revert to woody vegetation, affecting the
quantity of aquatic sandbar habitat in the MMR. As an example, during the period 1950 to
1994, Theiling et al. (1999) found that approximately 293 acres of aquatic habitat had
trangtioned to terrestrid sand/mud habitat and approximately 1300 acres converted to
wooded terrestriad habitat within the six study reaches andlyzed. Much of this change can be
atributed to sedimentation induced by channd training structures. This has adversdy affected
palid surgeon by reducing larva and juvenile rearing habitat and feeding habitet for dl life
stages.

Aquatic habitats, such as backwaters, sde channels and channel border eddies, have been
described as hydraulic retention devices (Bhowmik and Adams 1990). They dow the
movement of water through ariver reach, which concentrates nutrients and primary
productivity. Inlow current areas with high water clarity, algae and submersed aguetic plants
can greatly increase riverine productivity. Backwaters with permanent connectionsto the
river can shunt energy to the channe environment. Hood flows can connect isolated
backwaters and distribute pulses of energy to other environments (Thelling et al. 1999).
Channe training structures have disrupted natura geomorphic processes and affected natura
hydrologic variahility in the MMR. This has reduced riverine productivity by destroying
and/or isolating important floodplain feetures (Thelling et al. 1999) and other aquatic habitats.
This has reduced the naturd forage base of palid sturgeon.
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Furthermore, large woody debris dters channg morphology by influencing sediment routing,
thus cregting pools, gravel bars and depositiona sites (Bilby and Ward 1991). Bilby and
Likens (1980) suggested that alarge part of stream organic matter is associated with woody
debris. Treesof dl types and sizes were essentia as aquatic insect substrate, and they
provided locaized zones of reduced velocity for fish. Snags reduced mean stream velocity,
increased the stream top width, provided long-term organic matter supplies, and aided in fine
organic matter retention (Benke et al. 1985, Hesse et al. 1988, Hesse et al. 1993). The
disruption of natura geomorphic processes (e.g., meandering, erosion) has dso eiminated
much of the woody debris from the MMR. This has reduced overall habitat diversity and
organic matter input. This has reduced microhabitat diversity for palid sturgeon and reduced
the natural forage base of palid sturgeon.

Lastly, channd training structures have influenced the incidence of hybridization between
palid and shovelnose sturgeon. Approximately 114 species of fish inhabit the MMR and they
exhibit awide range of habitat requirements (Fitlo et al. 1995, Fremling et al. 1989). Each
species is adapted to particular river conditions and many species habitat requirements
change seasondly. Quiet waters may be required for opawning or for juvenile rearing habitat,
while adults may inhabit swifter waters of the main channel (Pflieger 1975, Welcomme 1979,
Becker 1983). Different habitats may aso be required under different temperature conditions
(Sheehan et al. 1990a and 1990b, Bodensteiner et al. 1990, Bodensteiner and Lewis 1992).
The digtribution, availability, and quality of aguetic habitats in the UMR (including the MMR),
have been dtered by the construction of channd training structures, dikes, and dredging
(Thelling 1999).

Hubbs (1955) indicated that the frequency of naturd hybridization in fish was a function of the
environment, and the seriousness of consequences of hybridization were dependent on hybrid
viability. Hybridization can occur in fish if spawning habitat islimited, if many individuas of
one potentia parent specieslive in proximity to alimited number of the other parent species, if
spawning habitat is modified and rendered intermediate, if spawning seasons overlap, or
where movement to reach suitable spawning habitat is limited (Hubbs 1955). Channel
training structures have dtered the distribution, availability and quaity of aquatic habitats
required for palid sturgeon. Therefore, channd training structures have contributed to palid
sturgeon hybridization with shovelnose sturgeon by dtering/diminating spawning habitat and
potentialy limiting the movement of sturgeon pecies to spawning habitat.

8.2.2.2 Locksand Dams

Impoundment and weter level regulation due to construction of locks and dams have
adversdly affected palid sturgeon by (1) impeding seasond migration and dimination of the
species from a portion of its historic range, thus decreasing the availability of spawning
habitat; (2) reducing the quantity and quality of habitat in the MMR, thus decreasing the
availability of spawning habitat, reducing larval and juvenile rearing habitat and reducing the

-189-



availability of seasond refugia; (3) increasing hybridization with shovelnose surgeon through
reduced subdtrate diversity; (4) increasing the risk of predation with other fish; and (5)
increasing competition with other fish and decreasing palid sturgeon foraging capability.

The higtoric range of the palid sturgeon included the UMR upstream to Keokuk, lowa (Duffy
et al. 1996, Baley and Cross 1954). The upstream movement of palid sturgeon to this area
was eliminated as the river was converted into a series of locks and dams (Coker 1930).
Although Coker=s 1916 record of a pallid sturgeon taken near Keokuk dam has been
disputed, the sturgeon group:-s potadromy and affinity for rock riffle or coarse subsirate
during the spawning period are well known. The completion of the power dam at Keokuk in
1913 resulted in the loss of spawning habitat suitability by impoundment of Keokuk rapids, in
conjunction with physicaly blocking spawning runs of al sturgeon species. Therefore, we
believe, impoundment has diminated the palid sturgeon from a portion of its former range and
has decreased the availability of spawning habitat, and thus, reproductive potential.

Dams were congtructed on the UMR for the specific purpose of increasing low and moderate
flow water surface elevations to maintain a continuous nine-foot navigation channel from S.
Louis, Missouri to Minnegpolis, Minnesota (USACE 1999a). Dams on the UMR have
affected the MMR by affecting the hydrologic cycle and sediment inputs. The MMR receives
60% of its flow from the Missssppi River basin (Fremling et al. 1989). Thus, impoundment
of the UMR through dam congruction has likely contributed in some part to the downward
hift in annua minimum stagesin the MMR, which affected the qudity and availability of pdlid
sturgeon habitat.

One of the effects of impoundment of the UMR is areduction in suspended sediment load in
the MMR. MMR sediment load has declined 66% from pre-1935 levels mainly due to
sediment entrgpment in Missouri River impoundments (Fremling et al. 1989). However, as
the UMR presently contributes approximately 20% of the average suspended sediment load
to the MMR (Tuttle and Pinner 1982), UMR dams have aso contributed to the sediment
load reductions. Thislack of sediment ddlivery upset the natura channd equilibrium and was
replaced by avariety of nonequilibrium processes such as hydraulic sorting and bed paving,
which eventudly will diminate al sediment movement (USFWS 1993). This has dready
occurred to some extent and has resulted in reduced bed roughness, and therefore, reduced
subgtrate diversity (USFWS 1993). Although little is known about the specific spawning
requirements of palid sturgeon, they have adhesve eggs, which meansthat afirm substrate
with moderate flow isrequired for soawning. Reductions in substrate diversty have likely
eliminated pallid sturgeon spawning habitat, and may have lead to an increased incidence of
hybridization with the closdy related shovelnose sturgeon.

The associated turbidity caused by suspended sediment aso provided the pallid sturgeon and
other native fish, adapted to living in a nearly Sghtless world, with cover while moving from
one snag or undercut bank to another. Today, water clarity has increased dramaticaly dueto
reduced suspended sediment loads, and this essentia cover isgone. Under such conditions,
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predation by sight-feeding predators can be expected to sgnificantly impact native species
not equipped with good eyesight (USFWS 1993). For this reason larva and juvenile pdlid
sturgeon are subject to increased probability of predation.

It is dso suspected that reduced turbidity has affected food availability by changing species
composition and by making it more difficult for palid sturgeon, and other native species, to
capture prey in the clearer water environment. In the Missouri River, pelagic planktivores
and sght-feeding carnivores have increased in abundance, whereas species specidized for life
in the turbid, predevelopment river (like palid sturgeon) have decreased in abundance
(Pflieger and Grace 1987). Similar changesin species composition are dso occurring in the
MMR (Bob Hrabik, MoDOC, LTRM Station, pers. comm.). This change in community
Sructure is less gpparent where changes in the natural hydrograph, temperature regime, and
turbidity are less pronounced (USFWS 1993). Therefore, pallid sturgeon have increased
competition for available food resources and their ability to capture prey has been adversdy
affected.

8.2.2.3 Dredging/Disposal

Dredging and disposal of dredged materia have adversdy affected palid sturgeon by (1)
reducing the availability and quantity of the natural forage base of palid sturgeon; (2) reducing
the quantity and availability of juvenile and adult habitat; and (3) contributing to the
transference of contaminants, potentidly affecting palid sturgeon reproductive success.

Dredging occurs in depostiond areas and channel crossngs to maintain a nine-foot navigation
channd with disposa occurring in the adjacent main channel border areas near shore. From
1978 to 1998, the St. Louis Didtrict dredged an average of 6.0 million cubic yards (mcy) of
materid per year inthe MMR. Thisranged from alow of 0.5 mcy in 1993 to a high of 20.5
mcy in 1988 (USACE 1998). The amount of materid dredged varies from year to year
depending on river gages. In addition, there has been no consstent pattern in the locations of
dredging activities as this dso varies depending on river conditions.

Dredging disturbs main channd habitat, killing the resident benthic macroinvertebrates and
temporarily leveling the dune and swae bed forms. The bed forms re-form rapidly, but
meacroinvertebrate recolonization may take at least one growing season (USACE 1999b).
Sheechan et al. (1998) found palid sturgeon utilizing main channd habitat more than any other
type. Thiswas not surprising since gpproximately 65% of the study area consisted of main
channd habitat. Thisindicatesthat past dredging may have affected palid sturgeon food
resources. The extent of the adverse affect is unknown at thistime as there has never been a
quantification of the ared extent of aguatic habitat affected by dredging and disposd activities.

In recent years, the St. Louis Didtrict has been following generd dredge disposa guidelines

devel oped to protect important aquatic habitat, such as side channels. However,
implementation of disposa guidelines for the beneficid use of dredge materid is virtualy non-
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exigent inthe MMR. Materid has been deposited in the adjacent main channd border area.
Recovery times for these sites have not been well documented, but may take ayear or
longer. Researchersfor the lllinois Natural History Survey found no recolonization of sand
dredged materid disposa Stes within one year following disposal on the Illinois River
(Stevenson and Kodl 1999). Thisis condstent with information from Lake Erie which
indicated that more than a year was required to reestablish a community structure Ssmilar to
unaffected areas (Fint 1979). Studies conducted by Sheehan et al. (1998) indicated pdlid
sturgeon exhibited a positive selection for main channel border habitat. 1n addition, a recent
collection of ayoung-of-the-year palid sturgeon near Cape Girardeau, Missouri, occurred in
main channd border habitat on an inside bend point bar (Petersen and Herzog 1999). This
indicates that both rearing and/or feeding areas for adult and juvenile pdlid sturgeon, and
potentidly larval palid sturgeon, have been adversdly affected by past dredge disposa
practices.

Dredging disturbs bottom sediments and associated contaminants. Main channel dredge cut
sediment is periodicaly sampled and analyzed to determine bulk chemica concentrations of
contaminants for use in assessng the water quality effects of dredging. However,
concentrations of some contaminants (e.g., PCB:s chloradane, dieldrin and DDE) occur
below detection levelsin sediment, but accumulate in fish (Mike Coffey, USFWS, pers.
comm.). Although dredge materia conssts mainly of sand, some amount of sltsare
disturbed during the dredging process. In addition, some contaminated materials exist as
sand-sized particles and can be transported in the bed load (Mike Coffey, USFWS, pers.
comm.). The concentrations of some contaminants, such as PCB:s, have been homogenized
in the Mississppi River due to repesated deposition and resuspension of contaminated slts
(Rostad et al. 1995). No andysis of the effects of dredging on the mass baance of
contaminant mobilization and transgport in the UMR has been conducted (USACE 1999b).
Itislikely that dredging contributed to some degree to the homogenization of contaminant
concentrations in the Missssppi River and potentidly contributed to the transference of
contaminants downstream.

A recent sturgeon hedlth assessment in the MMR suggests that pallid sturgeon are & risk from
exposure to contaminants present in their habitat (Coffey et al. 1999). This study found
evidence of possble endocrine disruption, which has the potentia to cause reproductive
impairment (USGS 1998). Coffey et al. (1999) aso noted a significant difference between
reference Ste surgeon and MMR sturgeon for some organochlorine chemicas. This has
likely resulted in reduced fish hedlth and reproductive impairment.

8.2.2.4 Commercid Navigation Traffic
Commercid navigation traffic has adversdy affected palid sturgeon directly through
entranment mortaity. However, the degree of impact is uncertain. Studies have been

conducted to determine the impacts of commercia navigation on aguatic resources as a result
of the current Navigation Systems Study for the Upper Missssppi River and lllinois Rivers.
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Gutreuter et al. (1998) developed a method for estimation of tow-induced mortality of adult
fishesin commercidly navigated waterways. However, the results of the sudy to estimate
entrainment mortality of adult fish are indeterminate due to high variance. Based on ther
results, they cannot determine whether towboat entrainment is an important source of
mortdity for fish species that utilize the main channd. However, they date that a prudent
interim concluson is that entrainment mortaity of certain larger fishes, such as shovelnose
sturgeon, may be an important factor influencing their abundance and dynamics in the Upper
Missssppi River System. In addition, the ancillary estimates of kills of >adult= shovelnose
sturgeon were 2.4 fidvkm of tow travel. As pallid sturgeon and shovelnose sturgeon exhibit
amilar life history characterigtics, palid surgeon may have been sgnificantly affected by
entrainment mortdity, however, as yet there have been no studies to determine the effect on
pallid sturgeon populations. It should be noted that according to the Corps, independent
datigticians that reviewed the Gutreuter et al. (1998) draft report indicated that the use of
ancillary estimates of fish kills was inappropriate.

8.2.25 Commercia and Sport Fishing for Sturgeon

Mortality of pallid sturgeon occurs as aresult of illega and incidental harvest from both sport
and commercid fishing activities. In addition, suchillegd and incidentd harvest may skew
palid sturgeon sex ratios such that hybridization with shovelnose sturgeon is exacerbated.

Higoricdly, pdlid, shovelnose and lake sturgeon were commercidly harvested on the
Missssppi and Missouri Rivers (Helms 1974). The larger lake and pdlid sturgeon were
sought for their eggs which were sold for caviar, whereas, shovelnose sturgeon were
destroyed as a bycatch. Commercid harvest of dl sturgeon has declined substantidly since
record keeping began in the late 1800's. Most commercid catch records for sturgeon have
not differentiated between species. Combined harvests as high as 195,450 kg were recorded
in the Mississppi River in the early 1890's, but had declined to less than 9,100 kg by 1950
(Carlander 1954). Lower harvests reflected a decline in shovelnose sturgeon abundance
since the early 1900's (Pflieger 1975).

Currently, only a sport and/or aborigind fishery exigts for lake sturgeon due to such low
population levels (Todd 1998). Shovelnose sturgeon is commercidly harvested in eight

dates, including Illinois and Missouri (Todd 1998) and a sport fishing season exidsin a
number of states (Mosher 1998). Although information on the commercia harvest of
shovelnose sturgeon is limited, [llinois reported the commercid harvest of shovelnose surgeon
was 19,689 kg of flesh and 106 kg of eggsin 1997 and Missouri reported harvest of 3,700
kg of flesh and an unknown quantity of eggs (Todd 1998). Missouri aso has a gport fishery
for shovelnose sturgeon but has limited data on the quantities harvested (Mosher 1998).

Sturgeon species, in generd, are highly vulnerable to impacts from fishing mortdity dueto

unusua combinations of morphology, habits and life history characterigtics (Boreman 1997).
In 1990, the head of a padlid sturgeon was found at a sport-fish cleaning station in South
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Dakota, and in 1992 a pdlid sturgeon was found dead in a commercia fishermarrs hoop net
in Louisana. 1n 1997, four pdlid sturgeon were found in an lllinois fish market (Sheehan et
al. 1997b). Currently, there are no methods to differentiate between pallid and shovelnose
sturgeon eggs. It is probable that pallid sturgeon are significantly affected by the illegd take of
eggs for the caviar market.

Sheehan et al. (1997b) speculated that incidental harvest of pallid sturgeon by the
commercid shovelnose sturgeon fishery may be afactor in hybridization between the two
species. Mde pdlid sturgeon reach sexua maturity a 5-7 years while femaes reach sexud
meaturity at approximately 15 years (Keenlyne and Jenkins 1993, Keenlyne et al. 1992). For
this reason, females are at a greater risk of mortdity before maturity and, as such, incidenta
or illegd harvest of femae pdlid sturgeon may skew the sex ratios. Thiswould then possibly
increase the incidence of hybridization as mature mae palid sturgeon, unable to find mature
femaes, spawn with shovelnose sturgeon (Sheehan et al. 1997b). Sheehan et al. (1997b)
and Carlson and Pflieger (1981) noted a 3:2 ratio of hybrid sturgeon to pallid sturgeon.
Sheehan et al. (1997b) speculated that if thisis representative of the sturgeon population in
the MMR, hybridization may pose asgnificant threat to palid sturgeon as the species
continues to introgress with shovelnose sturgeon.

8.2.2.6 Commercid Sand and Gravel Dredging

Commercid sand and gravel dredging operations adversdly affect palid sturgeon dueto (1)
reduced quantity and availability of spawning habitat; (2) reduced availability and quantity of
forage organisms; and (3) by contributing to the transference of contaminants, potentialy
affecting palid sturgeon reproductive success.

The Service has completed a number of informal Section 7 consultations with the &. Louis
Didtrict, Corps of Engineers on the effects of reissuing commercia sand and gravel dredging
permitsin the MMR. Asaresult of these consultations, permit conditions restrict dredging
operations to defined river reaches within the channel to avoid impacts to aguatic habitats,
which may be important to palid sturgeon (e.g., Sde channels, tributary mouths, point bars,
shdlow water). These conditions have been implemented for many years to protect aquatic
habitats. Currently, permit conditions aso prohibit dredging of gravel during the pdlid
sturgeon spawning season. However, dredging of gravel outside the spawning season may
affect the quantity and availability of spawning habitat.

Commercid dredging principaly occursin the main channd border area. Dredging in these
aress destroys the benthic macroinvertebrate community. Macroinvertebrate recolonization
of dredged areas may take ayear or longer. According to Sheehan et al. (1998), palid
sturgeon exhibited a positive selection for main channel border habitat, indicating thisis
possibly a preferred habitat type. Commercia dredging operations typicaly dredgein the
same locations regularly, which tend to be depositiond areas. Localy, such operations may
increase short-term turbidity and affect the availability of food resources for pallid sturgeon.
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Dredging disturbs bottom sediments and associated contaminants. Although the dredged
materia conssts mainly of sand, some amounts of slts are disturbed during the dredging
process. The concentrations of some contaminants, such as PCB:s, have been homogenized
in the Mississppi River due to repesated deposition and resuspension of contaminated slts
(Rostad et al. 1995). Itislikdy that commercia sand and gravel dredging has contributed to
some degree to the homogenization of contaminant concentrations in the Missssippi River,
and potentidly, contributed to the transference of contaminants downstream.

A recent sturgeon health assessment in the MMR suggests that pallid sturgeon are at risk from
exposure to contaminants present in their habitat (Coffey et al. 1999). This study found
evidence of possible endocrine disruption, which has the potentia to cause reproductive
impairment (USGS 1998). Coffey et al. (1999) aso noted a sgnificant difference between
reference site sturgeon and MMR sturgeon for some organochlorine chemicas. This may
result in reduced fish hedth and reproductive impa rment.

8.2.2.7 Flood Control Projects

Flood control projectsin the MMR have adversely affected palid sturgeon by (1) decreasing
the availability of habitat for dl life stages, induding the loss of seasond refugia and feeding
aress, and (2) reducing riverine productivity, thereby, affecting the natura forage base of
palid sturgeon.

Approximately 80% of the floodplain in the MMR (gpproximately 500,000 acres) has been
isolated from the main channd due to levee congtruction. Interior drainage ditches and large
pumps drain groundwater seepage (Theiling 1999) and interior floodflows. This has dlowed
the conversion of floodplain habitats to agriculture and other land uses.  1solated backwaters,
side channds and wetlands have been degraded due to incompatible agricultura practices,
poor sormwater management and sedimentation. Destruction and isolation of these
important floodplain features has reduced riverine productivity (Theiling et al. 1999) by
decreasing energy inputs (organic matter, carbon) into the main channel. Isolation of wetlands
reduces their habitat vaue to riverine fish, which make seasonad movements to backwaters
and floodplains (USACE 1999b). Levees aso contribute to increased flood heights and
increased water level variability because floodwaters are confined in a smaler cross-sectiona
area (Bt 1975, Chen and Smons 1986, Bellrose et al. 1983). Asaresult, flood control
projectsin the MMR may have affected the production of forage food organismsfor palid
sturgeon (macroinvertebrates and fish) and may have isolated pallid sturgeon from important
rearing/feeding areas and seasond refugia

8.2.2.8 Heeting

Fleeting has adversdly affected pallid sturgeon by (1) reducing the natural forage base of
palid sturgeon; (2) resuspending sediments that may be contaminated, thus, affecting palid
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sturgeon reproduction; and (3) potentidly causing direct mortality due to towboat
entrainment.

Fleeting areas are typicaly congtructed within main channd border habitats. Towboats
maneuvering within fleeting areas cause resuspension of sediments. In addition, fleeting aress
may occasondly require dredging, which aso disturbs bottom sediments. As such, fleting
operations likely affect macroinvertebrate production on alocal scde. According to the work
of Sheehan et al. (1998), palid sturgeon exhibited a strong preference for main channel
border habitat. It isdifficult to determine to what degree flegting may have affected pdlid
surgeon. However, fleeting adversdy affects the naturd forage base of palid sturgeon, and
may cause resuspension of contaminated sediments, thereby, potentidly reducing pdlid
sturgeon reproductive capacity.

Towboats maneuver and reconfigure bargesin fleeting areas. Gutreuter et al. (1998) could
not determine whether towboat entrainment is an important source of mortdity of fish species
that utilize the main channel as the results of the study to estimate tow-induced mortdity of
adult fish are indeterminate due to high variance. The results of this study indicate that main
channd fish are susceptible to mortdity due to propeller strikes. Therefore, it islikely that
fleeting has caused some degree of fish mortaity. However, the effect of this mortdity on
palid surgeon is unknown.

8.2.2.9 Missouri River Impoundments

Missouri River impoundments have adversely affected palid sturgeon in the MMR dueto (1)
reduced substrate diversity, and therefore, reduced reproductive success; (2) increased
predation; (3) increased competition with other species due to species composition shifts; and
(4) reduced pdlid sturgeon foraging success.

The MMR currently receives about 80% of its average suspended sediment load from the
Missouri River and 20% from the UMR watershed. The sediment load is 109.8 million
tons'year. This represents a 66% decline from pre-1935 levels, mainly due to retention by
Missouri River reservoirs (Fremling et al. 1989). Thislack of sediment delivery upset the
natura channd equilibrium and was replaced by avariety of nonequilibrium processes such as
hydraulic sorting and bed paving, which eventudly will diminate al sediment movement
(USFWS 1993). This has dready occurred to some extent and resulted in reduced bed
roughness, and therefore, reduced subgtrate diversity (USFWS 1993). Little is known about
the specific spawning requirements of palid sturgeon; however, they have adhesive eggs,
which means that a firm substrate with moderate flow is required for spawning. Reductionin
substrate has likely eiminated or reduced pallid sturgeon spawning habitat and may have lead
to hybridization with the closely related shovelnose sturgeon.

The associated turbidity caused by suspended sediment aso provided the pallid sturgeon and
other native fish, adapted to living in a nearly Sghtless world, with cover while moving from
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one snag or undercut bank to another. Today, as aresult of decreased sediment load, water
clarity has increased dramatically, and this essentia cover isgone. Under such conditions,
predation by sight-feeding predators can be expected to sgnificantly impact native species
not equipped by evolution with good eyesight. For this reason larva and juvenile palid
sturgeon are subject to increased probability of predation.

It isdso suspected that reduced turbidity has affected food availability by changing species
composition and by making it more difficult for palid sturgeon, and other native pecies, to
capture prey in the clearer water environment. In the Missouri River, pelagic planktivores
and sght-feeding carnivores have increased in abundance, whereas species specidized for life
in the turbid, predevelopment river (like palid sturgeon) have decreased in abundance
(Pflieger and Grace 1987). Smilar changesin species composition are dso occurring the
MMR (Bob Hrabik, MoDOC, LTRM Station, pers. comm.). This change in community
dructure is less gpparent where changes in the natural hydrograph, temperature regime, and
turbidity are less pronounced (USFWS 1993). Therefore, palid sturgeon are subjected to
increased competition for available food resources and their ability to capture prey has been
impaired.

8.2.2.10 Avoid and Minimize Program

In October 1992, the . Louis Digtrict issued Design Memorandum No. 24, AAvoid and
Minimize Measures) developed as aresult of commitments made in the Record of Decision
of the Environmenta Impact Statement for the Second Lock a Mevin Price Locks and Dam.
The purpose of the Avoid and Minimize Program is to implement various measures to avoid
and minimize impacts associated with operation and maintenance of the 9-Foot Channel
Project.

The Avoid and Minimize Program is beneficidly affecting palid sturgeon by
restoring/enhancing habitat in the MMR. Projects completed to date have improved habitat
complexity in the MMR and potentialy have benefitted palid sturgeon due to (1) increasing
access to agde channd; (2) increasing seasond refugia diverdity; and (3) increasing the
forage base of pdlid sturgeon by improving the nutrient cycling ability of a Sde channd.

In 1997, sx short stub dikes and bank revetment were placed in Santa Fe Chute between
river miles 35-40(L). The purpose of the structures was to restore habitat diversity by
creeting a meandering channd and restoring water depth diversity in the Sde channd.
Physica monitoring thus far indicates the upper two dikes have created scour holes
gpproximately 20 feet in depth and hydroacoustic soundings also suggest the desired thalweg
meander was forming (USACE 1997). However, the stub dikes were not built to micro-
modd specifications. Bed materid in the sdechannel has been reditributed, and as aresullt,
has exacerbated filling of the lower end of the side channd (Jenney Frazier, MoDOC LTRM
Station, pers. comm.). Currently, thereisinsufficient data to assess the project-s impact on
biologica communities and the chutess limnology (Frazier 1998).
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Also in 1997, hard points were placed in the Sde channd between the mainland and the
sandbar at Owl Creek, river miles 84-86(R). Although the purpose of this project wasto
isolate an existing sandbar to improve nesting habitat for least terns; the hardpoints create a
flow in the side channd that induces scour and crestes a degper channel; which contributes to
overal aguatic habitat diversity (USACE 1997). This project has benefitted pallid sturgeon
by increasing seasond refugia diversity.

In 1998, the upper closng structure of Marquette Chute, river mile 51.0(R), was modified by
placing a series of shdlow notchesin the structure. The ideawas to create aAtring of poolsf
which may someday connect to each other downstream of the closing structure. Two of the
notches were designed to enhance an existing half-acre, shalow pool located on the adjacent
sand bar. The intent was to increase the wetted edge of this seasona, temporary habitat for
wading birds and to provide more water for amphibians and reptiles (Frazier and Hrabik
1998). This project has benefitted pallid sturgeon by increasing access to the sde channdl,
increasing seasond refugia diversty and increasing the nutrient cycling ability of the sde
channd, thereby, increasing the forage base of palid sturgeon.

The Avoid and Minimize Program was origindly proposed for implementation from 1994 to
2000 with an estimated cost of approximately 14 million dollars (2 million/year). After 2000,
the program is to be completely absorbed into the norma operation and maintenance
program or become a part of the Integrated River Management Program (USACE 1992).
Due to recovery efforts from the Great Flood of 1993, program congtruction did not become
active until 1995 (USACE 1995). Since that time, the program has been extended to 2002
but funding has been reduced to 1-1.5 millions dollars/year (USACE 1997). Funding for the
Avoid and Minimize Program is currently divided between the impounded reaches of the St.
Louis Didrict (Pools 24, 25 and 26) and the MMR with work in the MMR beginning in
1997.

The projects congtructed by the Avoid and Minimize Program have served to increase
aquatic habitat diversity inthe MMR. Thisis abenéfit to the palid sturgeon, which is adapted
to adynamic environment with diverse habitat components. In addition, physica and
biologica monitoring has provided data that may be used to further refine structures for
environmenta benefits. However, the Avoid and Minimize Program can only implement
small-scale improvements given funding limitations and the necessity to distribute those
resources over alarge area of river (approximately 300 miles).

8.2.2.11 Refuge Land Acquisition and Management

Refuge land acquigition and management is beneficidly affecting palid surgeon by
restoring/enhancing habitat in the MMR. Benefitsinclude improved access to off-channel
habitat during flood stages and increasing the natura forage base of palid sturgeon by
improving the nutrient cydling ability of the MMR.

Prior to the Flood of 1993, public land ownership in the MMR was virtudly nonexistent.
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However, following the Flood of 1993, many private landowners and levee and drainage
districts expressed the desire to sdll their flood prone property. In response, Congress
gppropriated funding for the Emergency Wetland Reserve Program of the Department of
Agriculture and for the Fish and Wildlife Service (Service) to assst with purchasing property
from landowners who had been plagued by flooding and wanted to dispose of their flood

prone property.

The Service completed an Environmenta Assessment in 1995 that evauated four locations
(totaling 11,400 acres) of floodplain habitat in the MMR which contained unprotected
wetlands, cropland and aguatic areas. The four specific areasidentified included:

1) Meissner Idand, 1,650 acresin Monroe County, Illinois at river miles 153 - 156;

2) Harlow Idand, 1,050 acres in Jefferson County, Missouri at river miles 141 - 145;

3) Wilkinson Idand, 2,700 acresin Jackson County, Illinois and Perry County, Missouri
at river miles 88 - 94, and;

4) Powers Idand, 6,000 acresin Scott County, Missouri at river miles 34 - 39 (USFWS
1995).

To date the Service has purchased 1,224 acres on Harlow Idand, 2,532 acres on Wilkinson
Idand and less than 100 acres on Messner Idand. These areas are part of the Mark Twain
Nationd Wildlife Refuge (MTNWR) for management and adminigirative purposes. The
purchased lands contribute to MTNWR goa's and objectives by restoring habitat conditions
on lands that will dso increase floodplain functionality and the ecologicd integrity of theriver.
Acquisition of the properties has dlowed flood-damaged agriculturd landsto returnto a
more naturd state by minimizing the reliance on levees and restoring the naturd functions of
the Missssppi River floodplain through re-connection with the river. This re-connection
improves riverine fish access, including palid sturgeon, to off-channel areas during flood
dages. Restoration of habitat and improved floodplain function will increase organic matter
and carbon inputsinto the river locally while reducing nitrate input. This nutrient cycling
function will benefit aquatic resources, including palid sturgeon, in this portion of the river.

8.2.2.12 Land-Use Changes

Land-use changes in the UMR basin have affected channel morphology in the MMR and thus
have contributed to changesin quantity, quality and diversity of aguatic habitat. Due to the
incredibly complex nature of how these land-use changes interact to affect channel
morphology, the long time period which must be considered and the various changesin land-
use and land management practices during that time that have affected the movement of
sediment and water throughout the system, it is unclear how land-use change may have
affected palid sturgeon.

River channd morphology isformed by the movement of sediment and weter in relaion to the
materid locdly available in the bed and banks (Brookes 1996). A naturd channd is neither
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graight nor uniform (Brookes 1996). Hydraulic and morphologica variahility through space
and time determine the different habitats found both within agiven river channd and dsoin
the adjacent riparian and floodplain zones (Brookes 1996). A number of hydraulic factors
determine the cross-sectiond shape, pool-riffle formation and meander shape of dluvid river
channels. Thisincludes depth, dope and ve ocity which produce bank erosion and sediment
transport (Brookes 1996).

Land-use changes in the drainage basin (e.g., agriculture, forestry, mining, grazing and
urbanization) dter runoff and sediment yield relationships (Brookes 1996). Theseland-use
changes have an indirect effect on channd characteristics by dtering depth, dope and
velocity. Land-use change in the centrd portion of the UMR basin was accelerated with
development of the moldboard plow in 1837, and, after World War 11 with the shift toward
intensive mechanized row crop farming (Theiling 1999).

Theiling (1999) noted that land-use and land management practices within the basin have
increased the rates of upland erosion and discharge of sediment from tributaries to the UMR
over presettlement rates (Knox et al. 1975, Knox 1977, Demisseet al. 1992). Upland
eroson and UMR tributary sediment yields in Wisconsin were highest during periods of
intensve farming and runoff during the 1850's through the 1920's, with erosion rates declining
since then because of improved land-management practices (Knox et al. 1975, Trimble and
Lund 1982; Trimble 1983).

However, large amounts of sediment has been stored in the banks and beds of tributaries
during the past century (Knox 1977, Demisseet al. 1992). According to Demisseet al.
(1992) it may take 100-200 years for these sediments to be transported from tributary
sreams. Even 0, the discharge of sediment from many tributaries to the UMR, exclusive of
the Missouri River, hasincreased substantidly over presettlement rates (Knox et al. 1975,
Knox 1977, Demissie et al. 1992, Sobdle and Wiener 1999). Much of this sediment is
being held in the impoundments of the UMR.

These land-use changes work in combination with a number of other factorsin highly dtered
river environments. Dam congruction and channelization aso affect the movement of
sediment and water through river systems, affecting channel morphology (Brookes 1996).

For this reason, the effect of land-use change on MMR channel morphology, and therefore,
aquatic habitat, isincredibly complex. It isnot possble to quantify the effect land-use
changes have had on the quantity, qudity and diversity of habitat in the MMR, and therefore,
pallid sturgeon. However, we can say that those changes have contributed to some degree to
changes in channel morphology, and therefore, aguatic habitat composition.

8.2.3 Summary

As explained in the gtatus section, pallid sturgeon were historically more abundant. The decline
in pallid sturgeon numbers and distribution were coincidenta with flood control and navigation
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projects. Since such projects, palid sturgeon collection has been rare. Despite this rarity, there
is recent evidence of reproduction in MMR. Successful recruitment gppears rare, and thus, the
extent to which MMR currently provides suitable spawning and larval rearing habitat is unknown.

Many factors have influenced palid sturgeon habitat availability and abundance in the MMR,
with the most pervasive effect being a decrease in habitat quantity and quaity as aresult of
channel training structures, lock and dams, dredging and disposd, commercid sand and gravel
dredging, fleeting operations, and impoundment of the Missouri River. An apparent secondary
effect caused by this habitat lossis hybridization between palid and shovelnose sturgeon.
Smilarly, changesin habitat qudity has dso impaired the palid sturgeorrs ability to compete for
food resources and rendered the species more vulnerable to predation.

Asareault of these factors, palid sturgeon numbers and distribution within the action area have
gppreciably declined.

8.3 Effects of the Action
8.3.1 Direct Effects

Aquatic featuresin rivers and floodplains are trangent (Leopold et al. 1964, Shields and Abt
1989, Salo 1990, Amoros 1990). Naturd river systems are subject to high and low flow events
and biologica processes that can cause rapid changes in successiona stage of a particular river
feature (Theiling et al. 1999). A naturd channdl is neither straight nor uniform (Brookes 1996).
Hydraulic and morphologic variahility through space and time determine the different habitats
found both within agiven river channd and dso in the adjacent riparian and floodplain zones
(Brookes 1996).

The proposed project (operation and maintenance of the 9-Foot Channd Project) will continue
to arrest some of the natural processes that provide dynamic physical change in rivers (Thelling
1999). Asexplained previoudy, the dynamic equilibrium of the MMR has been interrupted and
replaced by unstable processes and hydraulic and morphologic variability has declined as the
result of past operation and maintenance activities. This disruption will have continuing, ongoing
effects The result will be continued homogenization of the river system and degradation of
aguatic habitat.

Since palid sturgeon require diverse and dynamic habitats, it is likely that this species will be
extirpated from the MMR. The eimination of this genetic conduit between the Lower Missouri
River and the Lower Mississppi River will sgnificantly reduce the surviva, growth and recovery
of the species throughout its range.

8.3.1.1 Operation of the 9-Foot Channel Project

8.3.1.1.1 Water Level Regulation
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Water leve regulation will continue to affect palid sturgeon by affecting the quantity and
quality of aguatic habitat in the MMR, thus, (1) reducing larval and juvenile rearing habitet;
(2) reducing the availability of seasond refugia; and (3) reducing the natura forage base of
palid sturgeon by reducing nutrient cycling in the MMR.

During previous discussions with the Corps for preparation of the biologica assessment,
we concluded that water level regulation effects were not applicable to palid sturgeon.
However, in further reviewing thisissue, we believe thisis not the case. Damswere
congtructed on the UMR for the specific purpose of increasing low and moderate flow
water surface eevations to maintain a continuous nine-foot navigation channd. WIlosnski
(1999) found that water surface eevationsin the MMR decreased at the same low
discharge of 60,000 cfs during the period 1880 to present. This downward trend islikely
to continue as aresult of the proposed project. This downward shift in annua minimum
stages has been attributed primarily to the degradation of the low water channd due to
channe condriction by wingdams and levees (Smons et al. 1974). The MMR receives
60% of itsflow from the Missssppi River basin (Fremling et al. 1989). Itislikdy that
holding water to maintain a 9-Foot Channel in the pools contributes to the low water
surface elevationsin the MMR at low discharges. Therefore, water level regulation
contributes to water leved fluctuations in aguatic habitatsin the MMR. This can affect the
avalability of larval and juvenile rearing habitat and the avalability of seasond refugia In
addition, loss of aguatic habitat will reduce the nutrient cycling ability of the MMR,
therefore, reducing the natural forage base of pdlid sturgeon.

8.3.1.1.2 Impoundment

Impoundment due to congtruction of dams on the UMR will continue to affect palid
sturgeon by (1) blocking migration routes; (2) reducing substrate diversity, therefore,
reducing the avallability of spawning habitat; (3) increasing hybridization with shovelnose
sturgeon through reduced subdtrate diversity (e.g., Soawning habitat); (4) increasing the
risk of predation by other fish; (5) increasing competition with other fish; and (6)
decreasing pdlid sturgeon foraging capability.

Impoundment of the UMR has effectively converted much of the free-flowing, lotic river
habitat to alentic, pooled condition which is unsuitable for palid surgeon. The dams are
physcd barriers which potentidly inhibit upstream migration of riverine fish, indluding
palid and/or shovelnose sturgeon. Grave bars and other habitats have filled with
sediment due to the lotic conditions. It is uncertain to what degree palid sturgeon may
have higoricdly utilized the UMR above the mouth of the Missouri River. However, to
some degree operation of UMR dams continues to reduce the availability of palid
sturgeon spawning habitat, and potentialy, block palid sturgeon migration routes.
Operation of UMR dams may aso block the migration of shovelnose sturgeon leading to
increased instances of hybridization as the two species compete for suitable spawning
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habitat (Steve Krentz, USFWS, pers. comm.).

The UMR contributes gpproximately 20% of the suspended sediment load to the MMR
(Tuttle and Pinner 1982). Impoundment due to UMR damswill continue to contribute to
the reduction of sediment to the MMR. Thelling (1999) found that navigation pools may
continue to accumulate this sediment. The lack of sediment ddivery upset the naturd
channd equilibrium. This has been replaced by a variety of nonequilibrium processes,
such as, hydraulic sorting and bed paving, which will eventudly diminate dl sediment
movement (USFWS 1993). This has dready occurred to some extent and has resulted in
reduced bed roughness, and therefore, reduced substrate diversity (USFWS 1993).
Because the system is not at equilibrium, substrate diversity will continue to decline.
Reduced subdtrate diversity will reduce palid sturgeon spawning habitat, thereby, reducing
reproductive success and/or result in increased hybridization with the closdy related
shovelnose sturgeon.

Impoundments will continue to contribute to reduced suspended sediment (i.e,, turbidity),
which provides essentid cover for palid surgeon. Under such conditions, predation by
sght-feeding predators can be expected to significantly impact native species not
equipped with good eyesight. This effect of impoundment is ongoing. For this reason,
pallid sturgeon continue to be subject to increased probability of predation.

As explained previoudy, it is sugpected that reduced turbidity affects food availability by
changing species compodition and by making it more difficult for palid surgeon, and other
native species to capture prey in the clearer water environment. Therefore, it is expected
that species compodition in the MMR will continue to change with a shift to species
adapted to clear water environments. Thiswill lead to an increase in competition for
gpecies less adapted to this dtered environment (clear water). That is, pallid sturgeon will
likely face increased competition for available food resources and their ability to capture
prey will continue to be adversdly affected.

8.3.1.2 Maintenance of the 9-Foot Channdl Project

Maintenance of the 9-Foot Channel Project consists of channd maintenance dredging and
disposal, maintenance of existing channd training structures and congtruction of new channdl
training structures. These activities will work in combination to sgnificantly dter the naturd
processes that provide dynamic physical change in the MMR (Theiling 1999). Such changes
will continue to affect the pallid sturgeon in numerous ways.

a Changesinriver processes result in continued habitat |oss and modification.

The environmenta baseline section of this biologica opinion describes how channd training
sructures'revetments have dtered the MMR and its aquatic environments. Humans have
manipulated the UMR system and arrested some of the natural processes that provided
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dynamic physicad changesin therivers (Theiling 1999). Early shag remova destroyed the
sructural complexity of the channd environment. In the naturd river, snags and log jams
would cause scour and filling that provided a highly variable river bottom. Bank stabilization
has largely arrested meander cuts and bank eroson. Wingdams have congtrained the river
width (Shields 1995) and incised the channd (Smons et al. 19753, Wlosinski 1999).
Closing structures have isolated Sde channds and acclerated their rate of filling. Thisisa
significant change in the habitats to which the pallid sturgeon is adapted (e.g., braided
channdls, irregular flow patterns, flood cycles, extensive microhabitat diversity and turbid
waters). Continued maintenance of the 9-Foot Channd Project will result in further
homogenization of the river environment, and thus, cause further declines in habitat quality,
quantity and diversity.

As explained in the Status and Environmenta Basdline sections, the implications of such loss
include: (1) reduced subdtrate diversity, thus, reduced availability of spawning habitat; (2)
reduced availability of larva and juvenile rearing habitat; (3) reduced availability of seasond
refugia; (4) reduced quantity and availability of forage food:; (5) increased incidence of
hybridization with shovelnose sturgeon; and (6) continued transference and homogenization of
contaminants in the river system, which may reduce fish hedth and impair reproduction.

This has greet implications for the palid sturgeon, snce the MMR represents one of only two
areas within the range of the species in which evidence of successful reproduction has been
noted in recent years.

b. Lossof habitat qudity, quantity and diversity will likely result in extirpation of palid
sturgeon from the MMR, thus reducing the genetic continuity of the species.

The MMR represents an important genetic conduit between the Lower Missouri River and
the Lower Missssppi River. The sturgeons, as a group, exhibit potadromy and occupy
different habitats throughout their life cycle. Adult palid sturgeon may range over distances of
60 or more miles (Bramblett 1996, Sheehan et al. 1998) in search of suitable habitat. In
addition, larval sturgeon may drift for distances of over 400 miles depending on current
velocity (Steve Krentz, USFWS, pers. comm.). These particular life history characteristics
underscore the importance of the interconnectedness of the Missouri and Mississppi Riversin
terms of pallid sturgeon population biology. The interconnectedness of these river systems
helps maintain the genetic connectivity and continuity of pallid sturgeon by ensuring that
genetic materid is dispersed throughout the population and genetic diverdty is maintained.

Continued maintenance of the 9-Foot Channel Project is expected to result in homogenization
of the MMR, essentidly making the MMR unsuitable to pallid surgeon. Hence, pdlid
surgeon are likely to be extirpated from thisarea. Therefore, important spawning and
larval/juvenile rearing habitat will be eiminated and the genetic conduit between the Lower
Missouri River and the Lower Missssppi River will beimpaired. Furthermore, asthe MMR
is interconnected with the Lower Missouri and Lower Mississippi rivers, any adverse impact
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to the MMR population will undoubtably influence the viahility of the populations occurring in
theseriver reaches as well.

c. Altered environments may lead to increased hybridization with shovelnose surgeon, thus
dtering the genetic integrity of the species.

As explained previoudy, data suggest that hybridization between pdlid and shovelnose
sturgeon is arecent phenomenon as aresult of human-induced reductions in habitat diversity
and measurable changesin variables such as turbidity, flow regimes, and substrate types
(Carlson et al. 1995). Data also suggest that pallid sturgeon and shovelnose sturgeon are
reproductively isolated in less-dtered habitats, such as portions of the Upper Missouri River
(Campton et al. 1995). Based on these data, we believe that as maintenance activities
degrade and eiminate habitat, pallid and shovelnose sturgeon will be forced to further share
spawning habitats, which would not have occurred under non-degraded conditions.  Thus,
continued maintenance will exacerbate degradation of present habitat conditions to the extent
that we believe the incidence of hybridization will increase. This not only decreases
reproductive success but could aso lead to genetic swamping and loss of the MMR pdlid
sturgeon population.

d. Nutrient cycling disruption due to changes in river processes that inhibit or reduce
floodplain inputs into the river, affecting the forage base of palid sturgeon.

As explained in the environmental basdline section, channd training Structures (eg.,
wingdams, revetments) cause the disruption of natural geomorphic processes (e.g., channel
meandering, eroson, deposition) and hydrologic variation in the MMR, which will reduce
riverine productivity. Thisloss of nutrient inputs reduces invertebrate and fish production
which are the primary forage foods of palid sturgeon. Channd training structures are
typicaly constructed of rock which adds microhabitat/substrate diversity and complexity
leading to increases in macroinvertebrate production on alocal scae but do not contribute
organic matter or carbon to the riverine system. In addition, different types of insects grow
on different types of subgtrates. The declinesin insect abundance and diversity may be linked
to changes in fish abundance (Hesse et al. 1993). For example, flathead chubs primarily use
terredtria insects which fall into the river from woody debris protruding from the water or
aong the bank (Hesse et al. 1993). Flathead chubs are thought to be extirpated from the
MMR.

Maintenance of existing channd training structures and future congtruction of such sructures
will contribute further to the disruption of the natura geomorphic processes that inhibit
channel meandering. Thiswill likely decrease the availability and diversity of forage food for

palid sturgeon.

8.3.1.2.1 Dredging

-205-



Dredging will continue to adversaly affect palid sturgeon by (1) reducing the availability
and quantity of the natural forage base of palid sturgeon; (2) reducing the quantity and
avallability of larva/juvenile and adult habitat; and (3) contributing to the transference and
homogenization of contaminants, potentialy affecting palid surgeon hedth and
reproductive success. In addition, dredging may result in mortdity of juvenile palid
sturgeon.

Dredging occursin depositionad areas and channd crossings to maintain a nine-foot
navigation channd. Asexplained previoudy, the amount of materid dredged in the MMR
will vary from year to year depending on river stages, and based on past data, there does
not appear to be a consstent pattern in the locations of dredging activities (USACE
1998).

Sheehan et al. (1998) documented pallid sturgeon utilizing water depths ranging from 1.82
to 19.17 m with 87.7% of dl relocations occurring in water with maximum depths of 6 to
12 m. Thiscompares favorably with the results of other studies, which indicate palid
sturgeon may occur in avariety of water depths (Congtant et al. 1997, Bramblett 1996,
Erickson 1992). The study sturgeon were primarily found in the main channel and main
channel border habitats with depthsin thisrange. Thiswas not surprising snce main
channd habitat comprised gpproximately 65% of the available habitat in the study reach.
Sgnificantly, however, the andyss of habitat data indicated a negetive sdection againgt
main channd habitat more than any other habitat. Dredging disturbs main channel habitat,
killing the resdent benthic macroinvertebrates and temporarily leveling the dune and swade
bed forms. The bed forms re-form rapidly, but macroinvertebrate recolonization may take
at least one growing season (USACE 1999b). Thus, dredging will likely affect the natura
forage base of palid sturgeon.

Currently, dredging does not occur during the presumed window of pallid sturgeon
spawning from 12 April to 30 June (USACE 1999a). However, dredging occursin
depositiond areas and channel crossngs to maintain the nine-foot navigation channel.
Shechan et al. (1998) noted that palid sturgeon exhibited a strong preference for
downstream idand tips (Sheehan et al. 1998), which are typicaly depositiond areas, and
thus, possibly prime dredging locations. In addition, the young-of-the-year palid sturgeon
collected in trawling surveys near Cape Girardeau was collected in main channel border
habitat located on an insde bend sandbar in water depth of gpproximately 2.7 m
(Petersen and Herzog 1999). Therefore, dredging in depositional areas may aso affect
the qudity and availability of larva/juvenile rearing habitat and/or the availability of feeding
habitat for all age classes.

Dredging aso disturbs bottom sediments and associated contaminants as discussed in the
Environmenta Basdline section. Dredging in the MMR will likdly further contribute to the
homogenization of contaminant concentrations in the Missssppi River, and potentidly,

exacerbate the transference of contaminants downstream. This may result in reduced fish
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health and reproductive impairment.

Findly, dredging may cause direct larva or juvenile palid sturgeon mortdity. Adams et
al. (1999) found that juvenile palid sturgeon have the capability of occupying habitat that
contains water velocities ranging from 15-30 cm/sec for extended periods depending on
gze. Adamset al. (1999) documented speeds of 55 and 40 cm/sec as representing burst
swimming speeds for large and smdl size fish, respectively. However, they were unable to
measure the entire range of burst speeds. Bramblett (1996) and Congtant et al. (1997)
found adult pallid sturgeon associated with sand subgirate, where fish presumably find
refuge from currents within deep scour holes or behind sand dunes and idands. Adams et
al. (1999) stated that despite lower relative performance, juvenile palid sturgeon may
inhabit high velocity macrohabitats by taking advantage of low velocity microhabitats. No
information has been developed concerning flow fields created by dredging in the MMR,
therefore, it is unknown if juvenile sturgeon, which may be utilizing depositiond aress
affected by dredging, can effectively escape dredging activities.

8.3.1.2.2 Disposa

Digposa of dredged materid will continue to affect palid sturgeon by (1) reducing the
quantity and availability of the naturd forage base of palid sturgeon; (2) reducing the
availahility of juvenile and adult feeding areas, and (3) reducing the quaity and availability
of juvenile and adult habitat. In addition, disposa activities may result in mortdity of
juvenile pdlid sturgeon.

Dredge disposal in the MMR generdly occurs in the main channel border area.
Characterigtic water depths utilized by pallid sturgeon is variable (Congtant et al. 1997,
Bramblett 1996, Sheehan et al. 1998). As stated earlier, palid sturgeon exhibited a
positive sdection of main channd border habitat in terms of use versus availability
(Sheehan et al. 1998). Pdlid sturgeon dso exhibited a strong preference for downstream
idand tips, which are typicaly depositiond areas. Main channd border areas tend to have
higher concentrations of benthic macroinvertebrates than the main channd dueto the
presence of more favorable substrate (Solomon et al. 1974). These areas have been
found to have higher fish species richness than deep water habitats (Tibbs 1995). We
believe that these areas dso provide juvenile rearing habitat (see Status Section). For this
reason, disposd activities in the main channd border will likdly reduce the naturd forage
base of pdlid sturgeon, reduce the availability of juvenile/adult feeding areas and reduce
the avallability of juvenile rearing habitat.

It is unclear whether juvenile pallid sturgeon occupying main channd border or
depositiond areas have the burst swvimming speeds necessary to escape disposa activities
(Adamset al. 1999). Therefore, disposd activities may aso result in mortdity of juvenile
palid surgeon.
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8.3.1.2.3 Snagging and Clearing

A well defined navigation channd has been established in the MMR as aresult of various
channd training structures and is maintained by dredging operations. Asaresult, snagging
and clearing operations no longer occur inthe MMR.

8.3.1.2.4 Channd Structures/Revetment
8.3.1.2.4.1 Wingdams

Wingdams are designed to direct flow towards the middle of the channel, thus reducing
the naturd meandering capability of theriver. Dike sysems (wingdams) may cause
locdlized flattening of the channe dope, increased roughness, vertica accretion of bars,
increases in main channe volume, and stage reductions at low discharges (Elliot et al.
1991). Exigting wingdams have the ongoing effect of atering naturd river processes,
thereby, reducing the qudity, quantity and diversity of habitat in the MMR (see
Environmenta Basdline section). Continued disruption of naturd processes will affect
palid sturgeon by (1) reducing substrate diversity; (2) reducing the availability of larval
and juvenile rearing habitat; (3) reducing the availability of seasond refugia; and (4)
reducing the nutrient cycling ability of the MMR, and therefore, reduce the natura
forage base of pdlid sturgeon. However, wingdams also add substrate diversity to the
MMR which influences benthic macroinvertebrate production. This may affect
macroinvertebrate production localy. However, by reducing the channel migrationd
cgpability, floodplain input (e.g., nutrients and subgtrates) is reduced, and thus, overal
macroinvertebrate abundance and species richness are reduced.

Wingdam sysemsin the MMR are maintained for the purpose of maintaining the nine-
foot navigation channd. As such, they continue to reduce the natural meandering
capability of theriver. Thus, the river remains constricted and the channel bottom
degraded. River migrations that would naturaly create new habitat no longer occur. In
addition, thereis evidence that wingdamsin the MMR continue to accrete sediment

and revert to woody habitat, further condricting the channel.

Further, wingdams are frequently congtructed near the mouths of side channelswhich
modifies river hydraulics and hastens sde channd filling. From 1950 to 1994, Thelling
et al. (1999) noted the loss of approximately 918 acres of secondary channd habitat in
the sx study reaches. Of this amount, gpproximately 275 acres were lost from 1975
to 1994. Congruction of wingdams near the mouths of sde channdsis et least
partiadly respongble for thisloss of habitat. Thistrend in side channd habitat lossis
likely to continue as exigting structures are maintained and new sructures are
developed.

As areault, wingdams will contribute to further declines in habitats to which the palid

-208-



sturgeon are adapted (e.g., braided channdls, irregular flow patterns, flood cycles,
extensve microhabitat diversity, and turbid waters). Thet is, wingdams will continue to
reduce subgrate diversty, reduce larva and juvenile rearing habitat and the availability
of seasond refugia. Also, continued bed degradation and sde channd filling is
expected to occur inthe MMR. This affects the connectivity of aguatic habitats to the
main channd, affecting the availability of seasond refugia. 1t dso reduces the nutrient
cycling cgpability of the MMR which reduces the naturd forage base of palid sturgeon.

However, wingdams are constructed of rock riprap. These structures contribute to
subgtrate diversity and are colonized by macroinvertebrates (Beckett et al. 1983,
Bingham 1982, Nord Schmulbach 1973, Payne et al. 1989). Thisin turn attracts fish
(Farabee 1986, Pennington et al. 1983). Thus, to some degree, wingdams contribute
to the production of pallid sturgeon forage food. 1n addition, shovelnose sturgeon
spawn on wingdams in the main stem of larger rivers (Christiansen 1975, Elser et al.
1977, Moos 1978, Helms 1974). The effect on the reproductive success of pallid
sturgeon isunclear. Palid sturgeon may dso utilize these areas, due to the absence of
other subdtrate types, thus, increasing the incidence of hybridization with shovelnose
surgeon. Alternatively, wingdams may provide shovelnose sturgeon with additiond
subgtrates away from palid sturgeon spawning sites, thus reducing hybridization
potentid.

According to Shields (1995) and Smith (1986) wingdams are currently constructed to
avoid accretion of land and condtriction of the channel; after an initid period of sandbar
accretion, the habitat stabilizes. A Lower Missssppi River study found that within a
short period of wingdam congtruction, aquatic volume and the area of associated low-
velocity habitats declined. However, after initid adjustment, habitat area and volume
fluctuated about a condition of dynamic equilibrium (Shieds 1995). Smith (1986)
noted Smilar behavior in MMR dike fidds. Over 800 wingdams have been
congructed inthe MMR (Smons et al. 1974). Approximately 150 of these have been
modified to provide better aguatic habitat conditions (Claude Strauser, USACE, pers.
comm). However, the affect is minima compared to the overal cumulative effects of
wingdamsin disrupting dynamic natura river processes, such as, channeg meandering.
In addition, the results of Theiling et al. (1999) indicate that wingdamsin the MMR
continue to accumulate sediment and further reduce channd width.

8.3.1.2.4.2 Bendway Weirs

Bendway weirs are designed to reduce dredging requirements in river bends by
contralling point bar development (Davinroy 1990). Bendway weirs affect pdlid
sturgeon by reducing larval and juvenile rearing habitat and feeding habitat for dl life
sages. However, bendway weirs dso have beneficia effects for palid sturgeon.
Theseinclude: (1) reducing channel degradation which may reduce water level
fluctuations in adjacent sde channds, thus, increasing the availability of larva and
juvenile rearing habitat and seasond refugia; (2) increasing substrate diversty which
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influences macroinvertebrate production which in turn increases the naturd forage base
of palid sturgeon; and (3) reducing the amount of dredging needed to maintain the
navigation channd.

Basad on information collected to date, the effect of bendway weirs on palid sturgeon
are inconclusive or may reflect atrade off in terms of habitat effects (see Environmenta
Basdine). Bendway weirs add microhabitat/substrate diversity locdly, increesng the
natura forage base of palid sturgeon, and cause channel aggradation along the outside
bend which may have some benefit by reducing water level fluctuations in adjacent Sde
channdls. However, bendway weirs were developed to inhibit and control point-bar
development in bends and depositional areasin channd crossngs. These types of
habitats are thought to be important to palid sturgeon, particularly larval and juvenile
life tages. As bendway weirs contribute to inhibiting natura processes over time,
existing sandbar habitats are likely to accrete to woody terrestrial habitat, further
reducing habitat complexity. In addition, bendway weirsincrease flow veocities
toward theindde bank. It isunclear what impact this may have on fishery utilization of
these ingde bends, dthough thereis agenerd trend for fish to redistribute across the
cross-section of the channd.  Although fish abundance may remain unchanged, it is
probable that fish speciesrichnessis reduced. Tibbs (1995) found that smdl-fish
abundance was higher in shalow-water habitats compared to deep-water habitats. He
aso found that smdll fish species richness was higher in shallow-water than in deep-
water (Tibbs 1995).

8.3.1.2.4.3 Bank Revetment/Off-Bank Revetment

Bank revetments are used to diminate the tendency for the main channd to migrate
within the floodplain. Revetments dter the Snuosity of the river channd and dter
naturd aluvia processes, such aseroson. This can affects palid sturgeon by (1)
reducing subgirate diversty, thus, reducing the availability of spawning habitat; (2)
reducing the avalability of larval and juvenile rearing habitat; (3) reducing the
availability of seasond refugia; and (4) reducing the naturd forage base of pdlid
sturgeon.

Revetments located on outside river bends led to channel downcutting and riverbed
degradation. Thus, revetments, in conjunction with wingdams, are responsible for

MMR channd congtriction and degradation that has reduced river surface arealwidth
and has resulted in a downward shift of annual minimum stages resulting in degradetion
of aquatic habitats by dewatering (Smons et al. 1974, Fremling et al. 1989, Wlosinski
1999). Revetments prohibit natural channd migrations that would result in
establishment of new sde channels as old side channd sfill in with sediment or are cut-
off from the main channd. By prohibiting natura channdl migrations, revetments aso
reduce the input of organic matter and nutrients (e.g., woody debris) to the river and
contribute to reductions in sugpended sediment loads.
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Thus, revetments will continue to contribute to declines in habitats to which the pdlid
sturgeon are adapted (e.g., braided channdls, irregular flow patterns, flood cycles,
extensive microhabitat diversity, turbid waters). Therefore, bank revetments reduce
subgtrate diversity, reduce the availability of larva and juvenile rearing habitat, reduce
the availability of seasond refugia and reduce the natura forage base of palid sturgeon.

Although revetments contribute to the decline in aquatic habitat, these structures add to
subgtrate diverdity that allows colonization of macroinvertebrates (Beckett et al. 1983,
Bingham 1982, Nord and Schmulbach 1973, Payne et al. 1989) which in turn attract
fish (Farabee 1986, Pennington et al. 1983). In the Lower Missssippi River,
Pennington et al. (1983), found that numbers of species collected on revetted banks
and natura banks are amilar. In this study, sport and commercia species were more
abundant by weight on revetted banks. Mean catch per effort in numbers and weight
were greater on naturd banks during June but greater on revetted banks at other times.
Farabee (1986) reported that 70% of fish collected were taken on revetted sites and
a0 reported no difference in numbers of species between natura and revetted banks.

It is evident from these two studies that large numbers of fish, but not necessarily
different species of fish, generdly utilize revetted banklines versus natura banklines.
Given the degree to which banklines have been revetted and the lack of woody debris
within the system, it is likely that fish redistribute within the system to take advantage of
the macroinvertebrate community that develops dong revetted banklines. For
example, during 1994 hydroacoustic surveys of Greenfield bend, in excess of 29,000
fish per hectare were detected from a protected area near the downstream end of the
bend where submerged trees provided inwater structure along a caved-in bank on the
ingde of the bend (Kasul and Baker 1995). Different species of insects utilize different
types of substrates. Changes in fish abundance can partidly be attributed to changesin
abundance and diveraty of insects (Hesse et al. 1993). For example, flathead chubs
primarily utilize terrestria insects, which fal into the river from woody debris protruding
from the water or dong the bank (Hesse et al. 1993). Fathead chubs are thought to
be extirpated from the MMR. By prohibiting channel migrations, revetments reduce
woody debris inputsinto the river.

Off-bankline revetments were designed to reduce bank stabilization costs and increase
habitat diveraty in main channe environments. They differ from standard revetment in
that the riprap is placed severd meters away from the bank in areas where there isa
gradudly doping river bed. The result isthe cregtion of artificia backwaters adjacent
to themain channd. Fish movement is dlowed through notches in the revetment.
Recent fish work suggests that off-bank revetment provides useful and vauable habitat
for alarge variety of riverine fishes (Atwood 1996).

Currently, there are no off-bankline revetments constructed in the MMR. Therefore,
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these structures are not effecting palid sturgeon. Future congtruction of these
sructures in the MMR would increase off-channd habitat, therefore, increasing habitat
diversty which would benefit pallid sturgeon. However, MMR banklines are dready
extensvely revetted, therefore, the need for future revetment is uncertain. In addition,
use of thistype of revetment would generdly be redtricted to low velocity and gently
doping areas of the river (Rob Davinroy, USACE, pers. comm.), which may adversely
affect larvd and juvenile rearing habitat.

8.3.1.2.4.4 Chevron Dikes

Chevron dikes were desgned to divert flow into a portion of the navigation channel
impacted by sediment accumulation on the point bar a ariver bend where the river
channd solits. The dikes divert flow into the main channd by presenting the hydraulic
gppearance of a solid object without isolating the side channe with aclosing structure.
Flow between the structures maintains a permanent side channel connection, which
provides important off-channel habitat for fishes. The rock dike substrate provides
habitat for epilithic macroinvertebrates that are capable of colonizing in very high
densties and providing an important food source for fish. Chevron dikes dso create
habitat heterogeneity and appear to increase invertebrate abundance and diversty
(Ecologica Specidigt, Inc. 1997b) and provide useful and vauable habitat for alarge
variety of riverine fishes (Atwood 1997).

No chevrons have been congtructed in the MMR. Therefore, these structures are not
currently affecting palid sturgeon. According to Sheehan et al. (1998), pallid sturgeon
exhibit a strong preference for downstream idand tips. Any future construction of
chevronsin the MMR would likely benefit palid sturgeon by improving habitat
divergty, including restoration of shalow water sandbar habitat.

8.3.1.2.45 Closing Structures

Closing structures for Sde channels were congtructed to divert flow towards the main
channel to maintain sufficient depth for the navigation channd. Thus, these structures
have reduced flow into Sde channels causing the channd to fill with sediment.

Recently, low dissolved oxygen and high ammonia levels have been documented in Side
channdsisolated from the river (Bob Hrabik, MoDOC, LTRM Station, pers. comm.).
Side channd closing structures aso inhibit fish ingressegress in Sde channels.
Although Sheehan et al. (1998) did not note pallid sturgeon use of sde channels, two
of the study fish provided by the LTRM dation a Cape Girardeau were collected from
MMR side channels (Marquette and Santa Fe) (Mike Petersen, MoDOC, LTRM
Station, pers. comm.). In addition, larval palid sturgeon were recently collected at the
lower end of areconnected side channd on the Missouri River (Joanne Grady,
USFWS, pers. comm.). Thisindicates pallid sturgeon utilize Sde channelsto some
degree. Therefore, closing structures continue to affect palid sturgeon by (1) reducing
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the avallability of spawning habitat; (2) reducing the avalability of larvd and juvenile
rearing habitat; and (3) reducing the availahility of seasond refugia

As previoudy discussed, closing structures disrupt natural geomorphic processes by
isolating/destroying important Sde channd and backwater habitat, thereby, reducing
riverine productivity (Theling et al. 1999). Closing Structures are likely to contribute
to ongoing declinesin habitats to which palid sturgeon are adapted (e.g., braided
channdls, irregular flow patterns, flood cycles, extensive microhabitat diversty, turbid
waters) and reduce the quantity and availability of the naturd forage food base of pdlid
sturgeon.

8.3.2 Indirect Effects
8.3.2.1 Navigation Related Indirect Effects
8.3.2.1.1 Tow Traffic

Studies have been conducted to determine the impact of commercia navigation on aguatic
resources as a result of the current Navigation Systems Study of the Upper Missssippi
River and Illinois River. Guitreuter et al. (1998) developed amethod for estimation of
tow-induced mortdity of adult fishesin commercidly navigated waterways. The results of
this study indicate that main channd fish are susceptible to mortaity due to propeller
drikes; dthough estimates adult entrainment mortality are indeterminate due to high
variance. However, if their estimates are gpproximately correct, potentialy large losses
throughout the Upper Missssippi River System are possible.

The ancillary estimates of kills of >adult= shovelnose sturgeon were 2.4 fish/km of tow
travel (Gutreuter et al. 1998). The effect of entrainment mortality on pallid sturgeon
populations is unknown; dthough palid sturgeon and shovelnose sturgeon exhibit smilar
life higtory characteridtics, and thus, it islikdly that palid sturgeon will dso bekilled asa
result of entrainment mortality. It should be noted that according to the Corps,
independent datigticians that reviewed the Gutreuter et al. (1998) draft report indicated
that the use of ancillary estimates of fish kills was ingppropriate.

In addition, tow traffic also contributes to the resugpension of bottom sedimentsin the
main channel depending upon water depths. As such, tow traffic may contribute to the
transference and homogenization of contaminants in the UMR as discussed previoudly.
Thismay result in reduced palid sturgeon health and reproductive impairmen.
8.3.2.1.2 Flesting

Heeting adversdy affects palid surgeon by (1) reducing the quality of habitat in the
MMR,; (2) reducing the natural forage base of pdlid sturgeon; (3) resuspending sediments
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that may be contaminated, thus, affecting palid sturgeon hedth and reproduction; and (4)
potentially causing direct mortdity due to towboat entrainment.

Fleeting areas are typicaly constructed within main channd border habitats. Towboats
maneuvering within flegting areas cause resuspengon of sediments. In addition, fleeting
areas may occasondly require dredging, which aso disturbs bottom sediments. As such,
fleeting operations likely affect macroinvertebrate production on aloca scde. According
to the work of Sheehan et al. (1998), pallid sturgeon exhibited a strong preference for
main channd border habitat. It isdifficult to determine to what degree flegting will
continue to affect palid sturgeon. However, future fleeting will contribute to the overal
continued decline in habitat qudity, adversdy affecting the naturd forage base of pdlid
sturgeon and may cause resuspension of contaminated sediments, thereby, potentialy
reducing pallid sturgeon hedlth and reproductive success.

Towboats maneuver and reconfigure bargesin fleeting areas. Although Gutreuter et al.
(1998) could not determine whether towboat entrainment is an important source of
mortdity of fish species, the results of this study indicate that main channd fish are
susceptible to mortdity dueto propellor srikes. Therefore, it isaso likely that fleeting will
cause some degree of fish mortdity, including palid sturgeon as they utilize main channd
border habitats.

8.3.2.1.3 Port Facilities

Development of port facilities requires various levels of habitat modification (USACE
19993). It isunknown to what degree future development of port facilities may contribute
to loss of habitat for pallid sturgeon.

8.3.2.1.4 EXxotic Species
There are no exotic species currently known to be affecting pallid sturgeon.
8.3.2.1.5 Contaminants

As previoudy discussed, Ruelle and Keenlyne (1993) identified severa contaminantsin
Missouri River palid sturgeon that may adversely impact reproduction. A recent sturgeon
hedlth assessment in the MMR indicates that there appears to be sufficient evidence to
suggest that palid sturgeon are at risk from exposure to contaminants present in their
habitat (Coffey et al. 1999). This study found evidence of possible endocrine disruption,
which has the potentid to cause reproductive impairment (USGS 1998). Coffey et al.
(1999) dso noted a significant difference between reference site surgeon and MMR
sturgeon for some organochlorine chemicas. This has likely resulted in reduced fish hedth
and reproductive impairment. There are currently no data available for contaminant
concentrations in pallid sturgeon ovaries. However, datafor the shovelnose sturgeon
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indicate that vaues of organic compounds may be of concern for developing embryos
(USACE 19993).

Anindirect effect of maintaining the 9-Foot Channel is the spillage of hazardous materias
or substances. An analysis of reported oil spillsin aportion of the MMR indicates that
these types of spills are quite common (from 11/26/98 to 7/26/99 there were 45 spills
reported for the area between UMR miles 170.0 - 202.0) (Stan Smith, USFWS, pers.
comm.). Mogt of the spills were smdl quantities of oil and/or diesd. The potentid for
such future spills to have direct or chronic effects on pallid sturgeon is unknown.
However, such spills contribute to the accumulation of contaminantsin the MMR which
may impair reproduction or result in reduced fish hedth.

8.3.2.2 Recreation Rdated Indirect Effects

Unlike the pooled portion of the UMR where the Corps maintains lake-like conditions and
recregtiond facilities that are conducive to boating, no recreetion facilities are maintained or
planned for the MMR. Recredtion activity in the MMR is not affected by maintenance of the
9-Foot Channel Project. Therefore, recreation related indirect effects to pallid sturgeon are
not anticipated.

8.3.3 Interrelated Effects
8.3.3.1 Management of Corps Lands

The Corps does not own nor manage any landsin the MMR. Therefore, interrelated effects
to pallid sturgeon due to management of Corps lands are not anticipated.

8.3.3.2 Open River Habitat Enhancement Project

The Corps recognizes that the degradation and loss of side channd habitat is of particular
concern within the MMR. These habitats not only supply important nursery and
overwintering areas, they are an extremey important carbon energy generating machine for
the entire river system (USACE undated). Assuch, the St. Louis Didtrict isin the process of
developing the Open River Habitat Enhancement Project to enhance and/or create Sde
channd habitat in the MMR. In addition, the project proposes other activities, such as
sandbar crestion, riparian corridor restoration and restoring woody debris. These activities
are thought to be beneficid for pallid sturgeon.

While the Corps proposes to utilize some operation and maintenance and construction
generd funds to implement this program, much of the work is proposed under various cost-
sharing mechanisms (e.g., Environmental Management Program, Section 1135, Section 206).
As areault, the Corps cannot guarantee how much of this program will be implemented,
therefore, the amount of habitat that will be restored or enhanced is unknown & thistime.

-215-



8.3.4 Interdependent Effects
8.34.1 Missouri River Bank Stabilization and Navigation Project

Asthe MMR and the Lower Missouri River are interconnected in terms of palid sturgeon
reproduction, the Missouri River Bank Stabilization and Navigation Project (Missouri River
Project) will continue to affect pallid sturgeon surviva and reproduction in the MMR by (1)
reducing subgtrate diversity, including spawning habitat; (2) reducing the availability of
seasond refugia; and (3) reducing riverine productivity, thereby, reducing the natura forage
base of palid sturgeon.

The Missouri River Project has redtricted the Missouri River to a serpentine, self-cleaning
navigation channe characterized by high weater velocities. This has been accomplished
through the use of wingdams and revetments which confine theriver. Before the Missouri
River was channdized and impounded, it annualy eroded 3.1 hectareskm of its floodplain
(USACE 1981). Mot of this erosion has stopped due to channelization and impoundment.
Eroson was a naturd function of the river system, and through erosion, inorganic sediments,
organic matter, and large woody debris were introduced into the river. This materia import
was essentid to the habitat dynamics and nutrient cycling of the river system. Such sediment
and nutrient discharge are the raw materias for habitat development in the Missouri and
Mississppi River sysem. By reducing erosion in the Missouri River, and thereby reducing
suspended sediment load, the Missouri River Project contributes to the decline of palid
surgeon in the MMR by reducing substrate diversity and reducing the natura forage base of

palid sturgeon.

Asaresult of the Missouri River Project, wide bends in the river were cut off by rock
revetments or physicaly separated from the main channe by cuts (USFWS 1980). Just as
the 9-Foot Channel Project has reduced and continues to reduce habitat quality, quantity and
diversity in the MMR, the Missouri River Project has asimilar effect in the Missouri River.
From 1912 to 1980 approximately 100,000 acres of aquatic habitat and approximately
65,000 acres of idand/sandbar habitat was lost due to the Missouri River Project (USFWS
1980). Asdiscussed previoudy, the Lower Missouri River and the MMR are interconnected
interms of pallid sturgeon population biology. Therefore, Missouri River Project contributes
to the decline in pdlid sturgeon surviva and reproduction in the MMR by reducing subgtrate
diverdty, and therefore, spawning habitat, and reducing the availability of seasond refugiafor
palid sturgeon which may migrate during various seasons from the MMR to the Lower
Missouri River.

8.34.2 USCG Buoy Tending

USCG buoy tending activities are not known to affect palid sturgeon.
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8.3.5 Cumulative Effects

Cumulative effectsinclude the effects of future State, tribd, locd or private actions thet are
reasonably certain to occur in the action area considered in this biologica opinion. Future
Federd 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 Act.

Mortdity of pallid sturgeon occurs as aresult of illega and incidental harvest from both sport and
commercid fishing activities. Sturgeon species, in generd, are highly vulnerable to impacts from
fishing mortality due to unusua combinations of morphology, habits and life history characteridtics
(Boreman 1997). In 1990, the head of a pallid sturgeon was found at a sport-fish cleaning
gation in South Dakota, and in 1992 a pallid sturgeon was found dead in acommercia
fishermarrs hoop net in Louisana. In 1997, four palid sturgeon were found in an [llinois fish
market (Sheehan et al. 1997b). Currently there are no methods to differentiate between palid
and shovelnose sturgeon eggs, however, it is beieved that palid surgeon are Sgnificantly
affected by the illegd take of eggs for the caviar market.

Sheehan et al. (1997b) speculate that incidenta commercia harvest of pallid sturgeon may
indirectly lead to greater hybridization with shovelnose sturgeon as aresult of skewed sex ratios.

Pdllid sturgeon males mature a 5-7 years of age while femae palid surgeon first spawn at
agpproximatdy 15 years (Keenlyne and Jenkins 1993). Once mature, pallid sturgeon may not
spawn every year, but may take severa years between spawning (Keenlyne and Jenkins 1993,
Keenlyne et al. 1992). Dueto its late maturity, palid sturgeon may be exposed to many years
of commercia fishing before they have a chance to spawn and contribute to the recruitment of
the population. For those that do survive long enough to spawn once, they may have to survive
multiple years of commercid fishing danger in order to Spawn again. Being at greet risk of being
removed before maturity, incidental commercid harvest of femaes may skew the sex ratio of the
mature sturgeon population. This could indirectly lead to greater hybridization rates as male
palid sturgeon, unable to find mature femaes to mate with, spawn with shovelnose sturgeon
instead. [excerpt from Sheehan et al. 1997b]

8.3.6 Summary of Effects

Operation and maintenance of the 9-Foot Channdl Project will continue to disrupt and arrest
some of the natura processes that provide dynamic physica change inthe UMR. The dynamic
equilibrium of the MMR has been interrupted and replaced by unstable processes that have
continuing, ongoing effects. The result 