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5-YEAR REVIEW
Neosho nadtom (Noturus placidus)

GENERAL | NFORMATION

1.1. Purpose of5-Year Reviews

TheU.S. Fish and Wildlife Seice (Sevice) is required byextion 4(c)(2) ofthe
EndangeredSpeciesAct (Act) to condud a satus reiew of eat listed spaesat least
once every 5 yea. The purpgeof a5-yea review is toevduatewhether or not the
spectes’ status hashanged sincthe timeit was listedor sincethe mostecent 5-ea
review. Based on the outcometbé 5year reviev, we recommend whtherthe spees
should: 1) beemoved from thdist of endangered and thteaed species; 2) be changed
in status from endangsl to threaterd; 3) be changed in status from threatened to
endangered; or 4) mainunchanged in its curentstatus. Our original decsion to list a
spedesas erdangered or thréaned is based on thevé threa factors cescribed in
sedion 4(a)(1) of the Act. Thesesame five fators are considered in any 8geqient
redassification or désting decisions. nl the5-yea review, we considethe best

avdl able gientific and commeial data on the sgries,and we rgiew new information
avdlable sincethe specis wes listed orast reviewed. fwe reaommend a change in
listing status ba=d on the results of the 5-year iev, we must propse todo so through
aseparae ruleimaking pracess that includes publiceview and comment.

1.2. Reviewes

Lead Regioral Office: Mountan-Prairie Region (Region 6
Mike Thabault,ARD Ecolaica Seavices, 303/36-4210
Bridget Fahey, Chfeof Endangered Spdes, 303/236-4258
Seth Wil ey, Regional Recovery Coordinator, 303/236-4257
Kathy Konishi, Assistant &overy Coordinator, 303/236-4212

Lead Feld Office:
KansasEoologicd Sevices Field Office
Daniel Mulhern, Ading Field Supevisor, 785/539-3474

Cooperating Fidd Office(s):
Columbia Ecologal Service Field Office
Amy Sdveter, Field Swpervisor, 573/234-2132

OklahomaEcologcal Sevices Field Ofiice
Dixie Parter, Field Supevisor, 918/382-4501

Cooperating Regioral Office(s):

Midwest Region RegionleOffice (Region 3)

Lynn Lewis, ARD Ecologicd Seavices, 612/713-5345
T.J. Miller, Chid of Endangered Species, 612&5334



Calita Payne, Regional &overy Implementation Coordinator, 612/713-5339

Southwet Region RegionaDffice (Region 2)

Michdle ShaughnessyARD Ecologicd Sevices, 505/28-6671
Susanjambsen, Chieof Endangered Spcies, §5/248-6641
WendyBrown, Regional Raovery Coordintor, 505/248-6664

1.3.

Methodology usedto complete the review

OnJune 20, 2011, we publishedNaticeof Review in theFederal Register (76

FR 35906) soliciting any meinformation on the Neosho madtdhat mayhavea
beaing on its clasification asendangered pthreadered. We did noteceive any
comments in response tite FederaRegster notce This 5yea review was primaily
written by the KansasEcologca Seavices Held Office with substantive contributions and
review by cooperting field and regional oifes. t summaizes andevduates
information provided in theevery plan, currengcientific reseach, and surveyelated
to the speies. All pertinent literdureand documents orilé a the KansasEcologica
Savices Field Office wereusedfor this review (SeeRefereres sction béow for alist of
cited documents). We imgewed individuals faniliar with the Neosho madtomsa
needed to claify or dbtain spedfic information.

1.4.

Background
1.4.1. Federal Register Ndice gtation announcing initiation of this review

76 FR 35906; June 20, 2011

1.4.2. Listing history

Original Listing

Federal Registemotice: 55 FR 21148May 22, 1990
Entity listed: Species

Classfiication: Threaterd rangeide

1.4.3. Review History

OnNovember6, 1991, wenitiateda 5-yea review of dl species listed pior to
1991 (56 FR 56882J)his rational noticesummarzed the status oflarhreaered
and Endangered speslisted unde the ESA priorto January 1, 1991, but did not
furtherdiscuss spdes gatus nor @ it propose or change the status of an
speces, ircludingtheNeosho madtom. The spegistatus wa alsoconsidered

in the Sptemler 30, 1991 RwoveryPlan(USFWS 1991).



1.4.4. Species’Recowery Priority Number at start of 5-yearreview

At the stat of the 5-year review, the Recovd?yority Number for the Neosho
madtom vas 8C. This number inditzd thet: (1) theNeosho madtom wdssted
as afull spedes; @) populationsface a moderate dege d thred; (3) recovery
potential is hgh; and 4) recoveryof theNeosho madtom may e conflict with
construction or other development prage(ee Tédle 1).

Table 1. Thebelow ranking system fordetermi ning Revery Priority Numberswas
esiablishedin 1983 (48FR 43098 Sepember 21, 1983 as coected in 48 FR 51985,
November 15, 1983.

Degree of Threat | Rewvery Paential Taxonomy Priority | Conflict
Monotypic Genus 1 1C
High Species 2 2C
High Subsgcies’'DPS 3 3C
Monotypic Genus 4 4C
Low Species 5 5C
Subsgcies’DPS 6 6C
Monotypic Genus 7 7C
High Species 8 8C
Subsgcies’'DPS 9 9C
OGS Monotypic Genus 10 10C
Low Species 11 11C
Subsgcies’DPS 12 12C
Monotypic Genus 13 13C
High Species 14 14C
Low Subs;mgis/DPS 15 15C
Monotypc Genus 16 16C
Low Species 17 17C
Subsgcies’'DPS 18 18C

1.4.5. Recovery Plan

Name ofplan: Neosho Madtom BooveryPlan
Date approved: September 30, 1991
Dates of gevious revisions, if gplicable: N/A

REVIEW ANALY SIS
2.1. Application of the 1996Distinct Population Segnent (DPS) policy

2.1.1. Isthe speciesunder review a vertebrate?

X Yes
[ ]No



2.1.2. Is the speciesunder review listed as a DIS?

[ ]Yes
X] No

2.1.3. Is there relevant new information for this speciesregarding the
application of the DPS policy?

[ ]Yes
X] No

2.2. Rewmvery Panning and Implementation®

2.2.1. Doesthe specieshave a final, proved recovery plan?

X Yes
[ ]No

2.2.2. Adequacy ofrecovery plan

The Neosho Madtom RecoveBlanwas aproved in Septemler 191. &
addressedthe pedes status and distributiontdhat time. Informationon habitat,
life histary, threds, regulation, biologa research eals, and conservation
measurs were included. In the plasremvery section, objdive and measable
“interim” delisting criteria were included in narrative and step-ddarmat. The
plan stags that wien moreinformation and knowldgeis acquired, the critea
may real to be adjusted for eachesyfic population segment. Thedan provided
excdlent guidance directingeseach neels forthe spetes. The plan addressl
thefull list of known thregs to the spaesand recoverndions bédieved needed
to mitigate, lessen, or remove those theea thetime of approval; howewe it
does not addssthis in the"5-fador format’. The Neosho Madtom &wovely
Planhas been generally adetgi#o guide emvery actions for the spéss,
paticularly for thetime s@nimmeditely following listing

(approxmately 10 - 15 eas).

! Remvery pansprovide guidancéo the Serice, Staes, and othepartnes andinterested parties on wayto minimize threds to
listed spedes, and on critda that may be useib determine when emvery gods areachieved There are many paho
acompgishing the emvery of aspedes, and emvery may bedieved wthou fully meding dl recovery gan criteria. For
exampe, one or more critea mayhave been exceeded wite other criteia maynot have leen acomgished In tha instarce, we
may deermine tha, over dl, the threas have keen minimized sufficiently, and thespeciesis robust enough, to dowrist or ddist
thespedes. In othercases, new remvery pproaches ard/or oportunities unknown & thetime the ecovery pan was findi zed
may be more @propriate ways toacdieve recvery. Likewise, new informaion may change the ext tha criteria need to ke
met for reaognizing reaovery of thespedes. Overdl, recveryis adynamic processrequiring adagpive mangemert, ard
asessing aspedes’ degree of@coveryis likewise an adapve praesstha may, or maynat, fully follow the guidance provided
in a recvery gan. We focis our evaludion ofspeciesstatus inthis 5-yea review on progrssthat ha been made toward
reaverysince thespecieswas listed by eliminding a reducing the theas discussed in the fivefactor analysis. In that context,
progress towards fulfilling recovery criteria serves to indicate trenetd which threat factors have been reduced oiiredbed.



Thereis now much ne information concmingthe sgdes populations, status,
range eensia, reprodutive emlogy, habitd, and threts avalable. A new 5
factor analgis of tireds needs to be updad(see ®dion 2.3.2. kve Factor
Analysis), and the “intem” ddisting criteria needs to be changed, basedtan
new spedes hformationcollectedsincethetime oflisting. The 1991 ecvely
plan is now generallynadequége toguide emvery actions into the future, and a
revised plan should baeated.

2.2.3. Progresstoward recovery

TheNeosho Madtom RecoveBjanset objetive and meaurable “interim”
criteria for theddisting of the spetes. Thesecriteria include havinghree ®If-
susaining populationswhich was the number knowm thetime), each having a
minimum of 500 sexuallynature individuals occupyinguitablehabitat &
minimum densities athree per 100n2 (1076 ft2). Thesenumbes were based on
theinitial work completed on the spes’ eclogy (Moss 1981; Moss 1983). The
recovery planlao includes aveds forchangs tothe “interim” criteria one
additional information conegring population boundges/gengcs, population
numbes (censitieg, habtat suitabilty in the different riverine reaches, anthe
spedes’ reprodutive emlogy became known. Thelansuggsts that up td.9
individud population groups may est, andthatvaryingrecoverythresholds,
based on these groups, and their varying hiatpitantity and guay, maybe
required a “final” criteria.

Therecovery plan outlinesix generakdions to be completed to detene
appropiate recovery dteria and to assist in gges recovery. Theifst direds
severatasks, including biologcal studies to dtemine population sizerad
boundaies; mobilty betwea riffles; toassess ird@rspedfic compdition with
other iffle dwdling fishes; document spaning and rexitment rdes in thewild;
identify limiting fadorssuch as hatzat attribues and waer qudity; and the
feasibility of artifi cial propagation.

Thesecond genetaaction simgy direds the @velopment offina” ddisting
criteria usngthe new iiormation obtainedrbm the previous action requirement.
Action threeis to implenent routine population monitoringrass the sgcies
range. Action foudirects development akintroduction plans, implaensation

of reintroduction effots, and to develop ameergencyresponse plan. Action five
direds enlancingstatestatuts andregulation, enfreing existing regulation,
ensuring ompliarcewith ESA ction 7, and developirigformation and
edwation programs. Actiosix cdls for intensivesureys in theSpring River,
theNeosho River in Oklahoma, and apprige tibutaies.

Many d thetasks directed bthe sixremveryadions ae complete. Some tasks
are now recognizedsawnatainable and severalra incomplete. The new
information colleted onthe sgdes is disussed in section 2.8 pdated
Information and CurrerSpecies Sdtus) kelow.



2.3.

Updated Information and Current SpeciesStatus
2.3.1. Background on the Spedes

The Neosho madtom isamall memier of the atfish family (Ictaluridae that
reaches a naximum length in the wild of appromatly three inche (75mm). It
typically occurs on rifes andgravd bars with shdlow flowing water. It occurs
primarily in the Cottonwood, Neosho, and SgriRives in Kansas, but its raag
minimally extends into Oklahoma and Missoufihe Neosho mdtom is avery
short lived sgcies typically living oneto two yeas, and feels primaily on
agudic insed¢ larvee in he intestices of itsgravel habitat (Moss 198Moss
1983; Cross and Collins 1995fiBger 197).

Habita modificaion andmainsem dams, both existing and potential yevated
as the pimarythreds responsible fothe listingof the Neosho madtom (USF®
1990), and remain as thdarmpary threats. Deacon (1961) recognized theispec
as thedened dueo various thress to its haitat orrange. Habittmodifications
include: impoundment, channzeation, flood control, war pollution, gavel
removal, and oths. The speies has not beewgptured in reservoirs, and
inundation of habitiais presumed to haveausedocdized exirpation in the pools
of reservois (Moss 198; Moss 1983; Wagnmet al. 1984{USFWS 1990. Flow
reductions and disemes of pollutants we adso recognized as thresato the
spedes (USFWS 1990).A large portion of the ggies’current rangin the
Spring River remains within anraaof historicdly intense mining for lead, zinc,
and coal, which have resulted ileeted levds of metals in steam water Spruill
1984; Wildhabe et al. 2000b). This araa curently acknowledged abke
Environmenal Proedion Agencys Tri-StateSuperfund Site.

2.3.1.1. Biology and life history

Habitat

The Neosho mdtom is abenthic spees (lives orthe steam bottom) of
cdfish that primarily inhabits shallow gravel sutrates. It is insedivorous
and feeds ndarnally. The speiesremains prinarily inadive and hidden
in bottom substita duing theday, and comes out at higto forage fo
agudic invertebraes(Moss 1981). Thenajarity of Neosho madtom
colledions ae from aeas withgravel substit@s,primarily graved in the
sizerangeof 0.5 to 2.5 inche§12 — 64 mm) in dienetr. Mostcolledions
aremade in theSpring and Neosho Rivers in shalv water, generallyless
than thiee fed deep (<1m). Within thesesystams, no sigificant
differences in madtom preferensdor depth, véocity, and substta size
were foundbut gravériffles withcurrents of one to fodee per second
(<1.25 m/gc) ae preferred by adults (Moss 198useler and Edds
1994; Wildhabe et al. 2000a



In 1992, an «ifi cial riffle was canstructed on the Cottonwood Rive
determineif artifi cially cregedhabita could mitgateor compensge for
overdl habita loss.This riffle was daced in an area of histmal instream
grave mining and in proximityto existing riffles both up and downstm.
A Neosho madtom vecaptured from thertfi cial riffle within six days
following constrution. The atifi cial riff le was found to hold a lowe
density of the spdes than the djacent natual riffles, butnot of statistd
significant differerce, which indicaes that thesgructures could be
pursued a a ssible opbn to mitigate for lost habita if needed and
construtedcorrectly (Fusker and Edds 1994; Fuser and Edds 1995

Themining of river gravelis arecognized threat to thideosho madtom
(USFWS 1990; USFWS 1991), and ipaentialfador limiting
recovey dueto habitat @gradation and dirébabitatremoval. Dueto
the nean exclusive asocation of Neosho ndtoms withgrave
substréesfor refuga, fealing, andrecruitment, theKansasDepatment
of Wildlife and Peksfrom 1991-1995 @ceal amoratorium on the
isstane ofdl gravé mining pamits on theNeosho and Cottonwood
Rivers, using thie authority undestate satute (Davis and Paukée
2008).

At the timeof listing, histoic dredging ativity in theNeosho River
resulted in destruction of Neosho madtom halfiess 1981; Bseler
and Edds 1995) and nepe effeds to fishcommunitieselsewhere
(Forshage and @& 1973; Kanehl and Lyons 1992); howeythesedaa
remaired areadotal tovard gravel bar salping (removal ofjyravd deposits
abovethewater level) in warmwater streams. In 1995 the Service,
through section 7 consutian with theCorps of Engnees,and in
conjunction with thé&kansa Depatment of Wildlife and Pe&s and
severaloca landownes who wererequestingmining authority issted a
biologcal opinion thadlowed limited gravel bar edping. The
biological opinion required monitorirtg evaluae theeffeds of gravel bar
scalping on th&leosho nadtom USFWS 1995) No signficant
difference in Neosho madtommgtiesbeween “scdped” and normined
sites types wes cetected (Davis and Paukert 2008).

Reproductive Ecology

The Neosho mdtom is ashortlived fish, possiblyiving to
reproduce foonly a singe season, #hough propagadfish have
lived fiveto eight yeas inalaboraory environmen (Bryan et al.
2006; Widhabe 2011). Therefore, population maintenance in the
wild is highly dependet uponead yeats requitment. A poor
reprodutive yearcan resultin a smallyea class and thus

reduced overall populations. Seueeccessiveyeas of poor
reauitmentcouldexaceabate theseeffects on theemaining
fragmened populations of the spes.
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Reprodution likely takes place during May and June higlow events
(Moss 1981; Moss 1983; Ndhabe et al. 2000a). Gravid ferfes are
typically captured in Maywith young-ofthe-yea fish first captured in
late July to August. This, suggs reproduction coincidesith theealy
summe peak flow events However, this relationship has not been
demonstreed condusively, asflows of the magnitude beved recesay
for reprodudion, generally pohibit samplhg and asessmentlt has been
hypothesized that spaing Neosho madtoms ufiee head or crst of
grave bars wherelarger substrie provides anple cavity spaces (Edds
1995; Edds and Wilkinson 1996Fvidence eists ofcavity use
Neosho madtoms int@ratory settirgs (WIkinson and Edds 199 Bulger
et al. 2002aBryan et al. 2006). In the field, Neosho madtoms did not
have a sigificant tendency to moue anyspeific section of a gavel bar
duringthe pawningseason (Bulgeand Edds 2001). No other
information on reproduive behavior in nature has been edleéd due to
high flows andturbidity during the ssuned spawning péd.

Sincelittle was known of the spefics of the Neosho madtom’s
reprodutive behavior when the recovery pl@JSFNS 1991) wa first
published, it suggeed tirther regeach. To date, much work bdeen
compldedconcening the spaes’ reprodutive ecology in thdaboraory
sdting, including reproduove behavior and propagation. Pfgignand
Edds (1994 were able to induce one Neosho madtom to spawn in an
aguarium under a cinder block. However, none of the 68 leaghed.
They wek also able to document secondaeyud chaiacterstic
development in the lab. In 1996, Bulged. (1998) succssfuly spavned
a par of Neosho madtom in an aquariurhhe par utilized longitudinally
divided piecs of plasticpipe for spawnig and reaing, wherethemde
guardel the egs for nine to ten dagjand young foeight to ten dag.

Recent studies have demonstrated the relationshiwdsn photoperiod,
temperaure, and presenad flowing water on reprodtige behavio and
succes Bulgeret al. 2000Al bers and Wildhabe 2002; Bulgeret al.
20023 Bryan et al. 2005; Bryan et al. 2006), which resulted in 2lvspa
Theinitial study focus on reproduiwe behavios were béween male and
femaleNeosho mdtom airs in their nests included courtshipdivity,
physical behaviors during the spawvitself, and movement of substeso
create thenest avity. Bulger et al. (2002b) documented tuooal
adivity and demonstrated the importamméghotoperiod on spawning
behavior. Longedaylight hours increased daye adivity, nest
enhancement, and courtship behavior.



Bryan ¢ al. (2005) usd timedapseinfrared videography, underwate
cameas, andgsimulaedwinter conditions to asess hboraory stimulation
of reprodudive devdopment. Medichultrasound instruments weeused
to validategendaer, and to stimatefecundity (numbe of egg3 over sever
annuacycles. They dso provided the irst visualrecord & Neosho
madtom spwning. O note, the Neosho madtorasedin these
expeaiments suvived up toeight years unddaboraory conditions
(Wildhabe 2011). Since 2007, The PeémiTribe of Indians oOklahona
(Tribe) ha been working in conjuntion with theU.S. Geolog Suwveys
Columbia Environmetal Reseech Centerto collect and ssess\Neosho
madtom broodstock for propagatiort.isithe Tibe’s intent to develop a
propagation and netroduction plan for poterdl augmentation of the
Spring River population. The Tribe isalso workingwith the Neosho
Madtom Reaovery Team to assue any population augmaation is within
the bounds ofheexisting recoveryplan(Wildhabe 2011).

Compsition

TheNeosho Madtom RecoveBlan USFWS 1991) identified the need
for information on intersgafic compeition between the Neosho madtom
and other rifle dwdling spetes, mrticularly the slender madtom (Noturus
exilis), which inhaits the Spng River but only a very small portion of
the upper Neosho sten. The concen was thepotential dtrimentl
effeds to Neosho madtom populations in theosho sgtem ifslender
madtons beceeestablished there. Sevkestende madtoms wes
cgptured from the upper Neosho in 1988 (Ernsting et al. 1989).

Severastudies lave asssedcompetition betveen Neosho madtoms and
assocéated kenthic sgdes, includingslendr madtom. Compéion was
not alimiting factor for the spegeswithin theNeosho and Spring River
(Wildhabe et al. 1999) and in the uppEeoshoRiver (Tiemann et al.
20044 Tiemann eal. 2004b). Densities offisheswith similar habita
preferences to Neosho madtomsre/positively corréatedwith Neosho
madtom densities, veneas desities offisheswith different habita
preferences werenegdively corréated (Wildhabeet al. 1999). Oveth
the avdability of suitable substta, water qudity (includingtoxic

metls), and aquic invertebrates(preyitems),and not interspéftc
competition, aréhe major influences on Neosho madtom population
distribution and number(Wildhabe et al. 2000a; Wdhabe et al. 2000b).



2.3.1.2. Distrib ution, abundance andtrends

Distrib ution and Range

Historically, the Neoshanadtom angeincluded thanainsem rivers of

the Neosho and Spring\Rr drainage system south to the Neosho’s
confluencewith the Arkansas Rier in Oklahomatfie Neosho Rivelis

now refered to as th&rand Rive in Oklahoma). It was also known from
the llinois Riverin Oklahoma. Thepeies is now limied to
approxmately two-thirdsof its original range (Moss 198 Wildhabe et

al. 20003. This loss is du¢o habitatateration and/or fragenttion by
seven largenainsem dams (4 in Oklahoma and 3 in Kaa$3, and
approxmately 16 low-head dens in theremainder of its range (USFV%
1991).

At the timetherevery plan USFWS 1991) was published, the sigsc
was cansidered to be distributed discontinuously imEasand ajacent
area of Oklahoma and/lissouri (USFWS 1990).Three populations of

the spdeswere generdly recognized: the Cottonwood and Neosho River
population upstrea from John Redmond D\, theNeosho River
population downstrea of John Redmond Da tothe kackwders of Lake

O’ the Cherokes, Ottava County, Oklahoma; and the SpriRiyer
population fronthe confluernce of the North Rk Spring River, Japer
County, Missouri, downstreato its cofluence vith Turkey Creek
(USFWS, in litt. 2009; Wagnet al. 1984; Moss 1981).

TheSpring River population is now isotadfrom its Neosho River souec
population by the Lake '@he Cherokes (Moss1981; Bransonteal.
1969; Moss 1981; VIkinson & al. 1996). At the¢ime oflisting, the
spedes rad not been captured from t8gring River downstrean of
EmpireLake, Clerokee County, Kansas. In 1994, two sepasatseys
cgptured several spenens downstream of Empire LakeanBaxter
Springs, Kansa (Taba 1994; Wilkinson et al. 1996). Additionally
single Neosho madtom veaalsocgpturedfarther downstrean in the
Spring Riverin Oklahoma in 2006Femer 2007). Anothe single Neosho
madtom vas laer captured ea thesamesitein 2007 (Fenne2007). The
discoveryof thespeciesdownstreen of EmpireLake suggsts that two
separate populations likely iskin theSpring River (Wilkinson « al.
1996).

Additionally, the species vgaapturel twicein 1996 from the South Fork
of the Cottonwood River, Chase Countynkas (Vilkinson and lkseler
1997); and from Lightnin@reek in 1987 in Labette County, Karssa
(Ernsting ¢al. 1989). It should be noted thheserepresent the owl
small tributary collec¢ion sites knan to date, and both weless than 2
miles (3.2 km) from themainsem river.
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Figure 1. Reset range of thé&leosho madtom wh USFWS andMissoui Department of Conseation samghg
locations, andJSGS gau@ng stations indcated. (Usedwith permsson from Bryanetal. 2010 USGS.

Abundanceand Trends

In 1991, the Swice began annlianonitaring of Neosho madtom
populations in th&leosho, Cottonwood, and Spring RigeiData gahered
included substta composition, weer velocity and depth, war qudity,
number and sizef Neosho madtoms captured, and number ando$ize
other benthicihes pesent in the catchl'he purposeof monitaring was
whetherreservoir releases, hydrologhaaderistics, andf numbers and
densities ofNeosho madtom we affededby othe benthic fshes shring
their gravel bar habitats. 1 also grved to establistan environmetal
basdine for the pedes’ abundance anits habitat conditions.

Two studies (Wildhabe et al. 2000aWildhaber et al. 2000hyere
published analyzinthe first eght yeas ofthis monitaing data, a well as
daacollectedby the U.S. GeologicSuvey’s Colunbia Environmental
Resach Center. They identified arnage Neoshanadtom densities the
Neosho and Cottonwood upstream of Redmond Reservoir as 19.82 pe
100 m2 (1076tF); 5.64 per 100m2 (1076 ft?) in the Neosho downstre&
RedmondDam; and 3.26 pel00m? (1076 ft?) in th&pring River

upstrean of its corfluence with TurkeyCreek, with nonecaptured
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downstream fsm itscorfluenceto EmpireLake. Theyalso found a
dedining trend in density for Neosho madtom in teach downstraa of
Redmond Damwhere itsoperation could be affecting tesiand habita
quality, paticularly turbidity and substrate. A positive cdateon
between the Neosho madtom and athetalurids(catfish), particularly
juvenile channlecatfish (Ictalurus punctatus) and stoneda (Noturus
flavus) was identified, suggsting minimal or no intespedfic competitia.
In the Spring River, habitavail ability was the ngjor limiting factor in
density upstrea of Tukey Creek (saurceof heavymetal contamination,
and pesence of contaminants thmiting factor downstrem of Turkey
Creek, @her directlyimpading the spdes physology or its benthic
aqudic insect food baser both

Figure 2. The mttern of the Indcators of Hydrdogic Alteration pararetes andNeosho madtom densigtthe

U. S.Geological Survey sreamgages on the GmnwoodNeosho Rivers. Thdreamgages ae ordered dowrtgeam,
left to right; the dashedline indicatesthelocationof theJom Redmond Bsevoir; and thdetter'M’ indicates
streamgage-leel Neosho madtom desty. (Usedwith permisson from Bryanetal. 2010 USGS).
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Bryan (et al. 2010) recenthgvisited thepreviousstudy (Wildhabe et al.
2000a) to upda and identify any changes in trends afféés. They
analyzed the dacollected from 1991-1998 and 1999 to 2008. A
continuing deline in dersity was degcted br the eadch of Neosho Rive
downstream of Redmoridam from 1999 to 2006vith a slight increasein
densities to 2008. THecation ofthe monitaing siterelative to the
reservoir eplained asignificant amount of variation in Neosho madtom
densitieswhen accounting fodifferent flow regimes, both upstream and
downstrean from Redmond Reservoir. Sidj cant, positive ssocations
beween Neosho madtosand otheictalurids renainsconsistentvith the
previous study (VWldhabe et al. 2000a
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Table 2. Sunmary of the galy mean alues forNeosho madom density @r 36 square eteasateachlocationandrespectie hydrdogic stream-gaige ugdin
the study(Usedwith permsson from Bryanetal. 2010 USGS).

[Locations are ordexd downsteam,topto bottom: --,locationwas not samipd; a, standard protocol was notagsand ditawere not includdin analysis; NWA,

Neosho Widli fe Area;MDC, Missoui Department of Conseation]

. : : Year Mean
— Site location  Streamgage —og7 o057 1993 1994 1995 199 1997 1998 199 2000 2001 2002 2003 2004 2005 2006 2007 2008 value
Upstream from John Redmond Reservoir
Cottonwood Cottonwood 1 Plymouth 0 8.6 - - -- - - -- - - - -- - - -- - 9.2

2 Plymouth 88 10.7 1.4 - 18 4.0 6.3 31 0.7 -- -- 14 -- -- - -- 4.2
3 Plymouth 193 259 213 - L3 7.0 130 16.7 7.0 -- -- Al -- -- - -- 12.7
Neosho Emporia 1 Americus 0 24 - - -- - - -- - - - -- - - -- - 1.2
2 Americus 46 14.0 24.9 5 5:3 0 2.5 0 -- -- -- - -- -- -- -- 74
3 Americus 64 3 - - -- - - -- - - - -- - - -- - 34
4 Plymouth/Americus - - 729 198 29 209 437 -- - - - -- - - -- - 324
Downstream fram John Redmond Reservoir
Neosho Burlington 1 Burlington - - 0.6 - -- - - -- - - - -- - - -- - 0.6
Tola 1 Iola - - - - -- - - -- - - - -- - - a 7.4 7.4
Humbolt 1 Iola 4.9 400 - - -- - - -- - - - -- - - - - 224
2 Iola 29 991 4.5 - - -- - - 03 -- -- 1.6 2.2 -- - -- 6.8
3 Tola 59 380 3T - - -~ 211 397 5l -- 1.0 6.4 13 -- a 22.0 14.4
NWA 1 Parsons -- -- 43 149 - 42 58 164 5.8 38 0 42 1.0 0 - 112 6.0
2 Parsons -- -- 0 1.0 - Ec) 42 1.3 0 -- 0 1.3 5 -- -- -- 39
Oswego 1 Parsons 22 2.7 1.3 1.6 -- - - -- -- -- - -- - -- a - 1.9
2 Parsons 0 k-] -- - - -- - -- -- -- -- - -- -- -- -- B
3 Parsons 0 -- 6 1.0 -- 3 6 0 0 0 0 3 0 a a -- 3
4 Parsons -- -- -- - - 3 1 1.5 -- -- -- - -- -- - -- 132
Oklahoma 1 Commerce - - - - - 0 - - - - - - - - - - 0
2 Commerce - -- -- - -- 4 13 1.0 ) 0 -- -- -- - -- -- .6
3 Commerce - - -- - -- - 1.0 51 I3 0 0 18 0 a a - 12
Spring MDC 20 Waco o e 1 - - . - - e ¥ 7 10 © 03 3.0 1.0
30 Waco s % 18 = = % % = = s 13 0 0 0 i i 1.0
40 Waco = = = = = = = = = = 0 0 0 0 0 3 1
50 Waco = - - - - = - = s “ 20 17 0 0 0 13 8
60 Waco - - - - -- - - -- - - 13 10 17 J 0 3.0 13
70 Waco - - - - - - . - - - 19 17 0 F 0 1.0 q
80  Waco o e - - - - . - - e 0 0 0 0 0 0 0
90  Waco s = = 0 = = = = = = 0 0 3 0 0 3 1
Spring 1 Waco -- -- 8 58 - 0 0 R 0 0 0 4 0 0 - -- 7
2 Waco -- -- 8 -- -- -- - -- -- -- -- -- -- -- -- -- 8
3 Waco e i 0 e st ) 0 0 0 0 0 3 3 0 w2 i 1
Messer 1 Waco -- -- -- 1.0 - -- - - -- -- -- - -- -- -- -- 1.0
2 Waco -- -- 0 -- - -- - - -- -- -- - 0 a - -- 0
Babcock 1 Waco - -- -- -- - -- - - -- - -- - 0 -- - -- 0
2 Waco -- -- -- -- -- -- - -- -- -- -- -- 0 0 -- -- 0
3 Waco -- -- 0 -- - -- - - -- -- -- - -- -- - -- 0
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2.3.2.

While overall population numbg throughoutthe Neoshomadtom’srange
are difficult to quantify,we now know that numbe and dasities @an be
highly variable béween individuasamplesites andyeas. Wealso know
that densitiesvary beween the miar riverine reaches studied. The
limited geographidistribution ofthe sgdes inhydrologically dtered and
fragmenedriverine habitat provides thpossibility for locdized and
widespread adversefetts and population veations.

2.3.1.3. Gendics,gendic variation, or trendsin gendic variation

No gendic evaluation or anasys has been completed on the Neosho
madtom sincds listing. A study being condued bythe U.S. Geolog:
Suvey's Columbia Environmeéal Reseech Centeis in its erly phases.
Spedmensusedin se\erd reprodutive emlogy studies (Bulger ¢ al.
2002; Bryan et al. 2006yabeing h&d for pendirg geneic analysis.

2.3.1.4. Taxonomic cdassfication or changesin nomendature

There have been no changes in teeonomic dassification ofthe Neosho
madtom sincdts listingin 1990.The species watkrmally deseibed Ly
Taylor (1969), but had d&en recognized a a distict spes sincethe
1950s (Cross 1967). Pritw that, it was usually idetified as brindled
madtom Noturus miurus), which also occurs in th&ping River, o
mountain madtomNoturus el eutherus), which is not found in the Neosho
or Spring Riverdranages. The original speens usedo desdbethe
Neosho madtomra from the Neosho River, LyoCoury, Kansas,and
arelocaedat theUniversityof Michigan, Museunof Naturd Histay and
the Museum of Naral History a theUniversity of Kansas (UEWS
1991).

Five-Factor Analysis - tlreats, consevation measues, and regulatory
medianisms

2.3.2.1. Preset or threatened destruction, modification or
curtailment of its habitat or range

Thefinal rule listingthe Neosho madtonsa thieaered species indated
thatexisting and potential habitanodificaion comprises thenajorthred
to the survival of thepeaes. Modifications include strean
impoundment; hywlogic changes due to re@seir operations; wate
qudity, including agicultural and mine wste cortamination;water
diversion and lfocdion; and instream gral/enining (USFWS 1990).
Additiond threds have ke identified sincehe timeof listing, including
potential oer-apgopriation of waer rights and long-ten climate change.
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Impoundments

Thededine and impe&ilment of theNeosho madtom has been dirgctl
attributed to construction of numerous impoundments (Deacon 1961,
Moss 1981{USFWS 1990; Vildhabe et al. 2000a). Das elimirete river
flow, trap silt, and in@asesedinent depositionwithin and upstrea of
the impoundedraas. They dter water qudity, increasebank and bed
erosion, chage hydrology and channel geomorphology, @ese habita
heterogeneity, #ed nomalflood patterns dowrieeam, a well as block
upstream and downstmeamowement of ishes (USFWS 1990; Cross and
Collins 1995; Tiemann et al. 2004aill ette et al. 2005.

Within impoundedwaters,loss of fish divesity is directly atributed to
loss of suppding habitat, sedimentationedeased dissolved oxygen,
temperaure levels, and leration in reident fishpopulations SFWS
1990; Cross an@ollins 1995) Downstrean of dams, @dinesin some
spedesare asotatedwith changes andfluctuation in flow regme,
channéscauring and bank erosiomeduced dissolved oxygelewvels and
watertemperaures, and changes in resident fisisemblags (Moss 1981;
USFWS 1990; Wildhaheet al. 2000a; Bryantel. 2010). Smalllowhead
or mill dams @n hae smilar effects, parcularly reducingspedes
richness, evenss,and fish movements(Tiemann et al. 2004aliemann
et al. 2004b; Gillettest al. 2005; Gilletteet al. 2008.

Dam construction rmasecmndary é&ed of fragmentinghe ranges offish
spedes, leaving habitats and populations isolated upstrea ketween
structures aswell as creding extensive aeas ofdeep, uninhabitable
impounded weers. These isolated populatiotisus kecome unable to
naturallyrecolonizesuitablehabitd from downsteam effedively isolding
populations and reducing geiteheteozygocity (Allendof and Luikat
2007), makinghe gedes moreprone to futher extirpation from
stoclestic events, suchsasewre drought, ac@erta chamicd spills, or
unauthorized discharges (Moss 1981; US-W91; Widhabe 2011).

Population losses due to impoundments hinaty contributed mee to
the cedine and impeilment of theNeosho madtom than any ottHador.
Significant stietches ofrriverine habita throughouttherange & the Neosho
madtom has been impounded, leaving short, iedlgatches of suitble
habitat (USFWS 1991)The Neosho madtom does nataor in reservoirs,
and it isunable to secessfully reproduce andeaaruit unde these
conditions (Moss 1981; Moss 1983

The Neosho madtom is presenitgpactedby four majorimpoundments
in the Neosho and Cottonwood Rives®msand two impoundments on
theSpring River. Grand Lak®’ theCherokes’ (impounded in 19%)
badkwates effectively ddineates the denstream distribution of the
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spedes in theNeosho and Spring Rivers. John Redmond Rese
(impounded in 1963) dividetheNeosho River dstributioninto two
recognized populations, one downstneaf John Redmond Reservoir and
one upstrea in theNeosho and Cottonwood Rivers (Moss 1981; USFW
1990; Wildhabe et al. 2000a Two reservoirs also &st upstean of
knownNeosho madtonfocations on théNeosho and Cottonwood Rivers,
Coundl Grove and Maon Resevoirs. Additionally, the Neosho and
Cottonwood Rives have leen further subdivided by 16 lowheadrda
(USFWS 1991Wildhabe 2011) that typically impound one to fiveniles
(1.6-8 km.) ofstrean chanml. Thesefurther spatial constraints provideof
the possibility that up to 19 potentially istdd populations ebst (Bryan &
al. 2004).

Thesedams, by sagening the ecies’riverine habitd, mayimpad the
gendic varidility in the speies. Loss ofgengic diversity in fragmentd
populations caimpad speciesfitness, includingéaundity and
reauitment ove time (Allendorf and Luikart 2007). The recovery plan
(USFWS 1991) suggtsthat known cooentrations ofNeosho madtoms
in the Neosho and Cottonwood Risere large enough to provide
adequée gengic variation, but also sugge that theSpring River
population(only one was knowntahat time) may begoo small to povide
adequée gengic variation. The planlao cdled for population geries
studies to icentify possible genie lossand dfferentiation of populations.
At this time, nogeneics studies on the species haeenbcompleted, and
there is veryittle information avédable concerning migration or
dispersion of the spexswithin theirfragmentd habitat (Bseler and
Edds 1995; &selier and Edds 1996). Tkewill need to be completed and
the \arying populations defined fure thelevel of thre&to the speci€
population gentécs are known and recoveagtionsimplemented.

Theseimpoundments also inundajeavelriffle habitd, directlyimpading
habita avail ability and qudty (Gill ette et al. 2005). John Redmond
Reservoir inundated approxately 20 miles(31 km.) of iver channg and
thelowheal dams in thesystem impat anapproxmate additional 45
stream miles (72 km.) (USFWS 1991). Lowhead dams oriNéesho
River have daimena effeds to the Neosho madin aswell as the
agudic ecosystm within thestudy reades (Tiemann et al. 2004a
Tiemann & al. 2004b; Gll ette et al. 2005; Gilletteet al. 2006). The das
significantly dtered strem habitat upsean by creaing increased depth,
increasd siltation, and lowe velocities; and sHiower depths, increased
velocities, andarger, more embedied substi@ downstream. Neosho
madtom densiésand aquac invertebrate numbes were significantly
lower aaoss the sty sites when compared to referensies not
impactedby lowheal dans (Tiemann et al. 2004a), suggengthatfood
avdl ability and substta composition may bemiting facorsfor the
spedes in theseareas. Sincethat time, ngotiation and planning for the
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removal ofCorrel Dam, oneof their study sites, has ocurred. A proposa
for the cemolition and pst monitaing is being prepared (Johnson, 2012
pers.comm). Ifremoved,it would not only open habitat inunted kehind
the dam, but would Bbow emigration of Neosho madtoms upstrea
approxmately 20 river miles (31 km.)nto area of suiteble habitat not
presently known to be occupied bhye sgcies.

Theloss of habitat due to past inutida will continue into the future,
paticularly in the caeof the largemainsem dans. However, removal d
unreaded lowleal dansin the sgtemcould result in restoration of
previously lost habitafor thespeges,and reduce¢he kevd of existing
population fraghenttion, diminishing the ovetlathred to the spcies.

Reservoir Operations andHydrologic Changes

Thefinal rule listingthe Neosho madtond SFWS 1990) and the recower
plan identified that deermining minimum flow reeds fothe gpedes
reproduction and survival was neededremvery, and spculaed tha
flood control operations ofohin Redmond Reseoir could be affeting
the spdesand its halhat. Wildhabe et al. (20003 investigated the
relationship baveen ictalurid (c#fishes)densities, includingthe Neosho
madtan, substree sze composition, andiater qudity with changes in
flow regme. Their analysis shoved theNeosho Rver downstrean of John
Redmond Dam now Isdower minimumflows, and lowe shat term and
highe longterm flowsthan it would havevithout the dam. Theseflow
changs limit awail able suiteble habita for the spekes, increae
consolidation of graus on bas and rifiles (aeasingtheir suitability as
habitd for the Neosho madtom), andter the substrie composition in the
stream reach nearst thedam to szes not typicallyusedby the spees.
Concurrently, avegedensities ofNeosho madtom we significantly
lower downstream of the da than upstream, 5.62 and 19.82 fpé0m?
(1076 ft2),respedively (Wildhabe et al. 2000b), possibly refiting the
morenaturd hydrogaphs of the Neosho and Cottonwood Rivers upstrea
of John Redmond Reswgoir. Also, a positiveeationship béween annua
minimumflow date and Neosho madtom dhsitieswas found, sugging
that celayingminimum flows until &ter specis recruitment may enharec
population numbes davnstrean of the dam. Addionally, positive
correlation eists betveen densities ofNeosho madtoms and other
ictalurids, also suggtingthat cam releases thatbendit the Neosho
madtom willalso bent channé catfish (Ictalurus punctatus) and other
riffle dwdlingspedes (Wildhabe et al. 1999; Wdhabe et al 2000a

Anotherstudy exanined channlestability of the Neosho River
downstrea of John Redmon®am as related to pre-dam and postfda
flow regmes thouft to impad habitataval ability and quéty for the
Neosho madtom (Jace& 1999). No signiitant post-dan bark-full-width
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channel widening waidentifiedthatattributed to the substantieeduction
in themagnitudeof post-dam annuged flows. Even so, the operation of
John Redmond Den apgeas to im@d thespedesin abundane, habitd
qudity, and quantity. Theethreats ae expeded to continu¢o impact the
spedes davnstrean of thereservoir into the near future.

Gravel Mini ng

River gravelminingis a recognized thré#o theNeosho madtom
(USFWS 1990; USFWS 1991), and ip@tentialfador limiting recovey
potential. Pstgrave mining adivity on the Neosho syemincluded the
removal of gravel deposits abathe waterline (s@lping), typically
located on insideiver bends; and mechanlexcavation within and
adjacent to the #éiwe, flowing stream channé. Mining within and
adjacent to thddwing channetan diredly remove a@cupiedfish habitd;
remove d tempaally used habita(habita usedat higher weer levds) at
a given location; swell as releselargeplumes of silt and othesedinment
downstream, degding habitat quality; encaeageincressed erosion and
head-cutting upstrem; and directlycausemortality to fishes and other
agudic organismsby operation of Bary equipmat in channé (Brown &
al. 1998). Grauebar scalpingremoves a volume dempaally avalable
habitd, but doesdare a dry gavel bar in place fdowing excavation that
is awailable to the spaéesas river levds rise.

Davis and Pauke(2008) suggst thet gravd bar £dping does not
significantly influence nean Neosho madtom densignd that anore in-
depth study should be completed téedmine how theincreaein
scdping adivities on therivers effed bedload tansport ofgravd. This
would identify if upstremn miningis leading to lower volumes of gralve
downstrean area that constituteNeosho mdtom habitat and if decreased
bedload tansport isresuting in highe rates ofstrean bank erosion
downstrean of miningadivities. At thistime, threato theNeosho
madtom from graveminingis likely lower than @ thetime oflisting;
howe\er, as unregulked scdping of gravel bas increase ovetime, the
level of threat from deceased avidability of gravel which encompasse
the sgdes’ habitd will likely increase & well.

Water Quality

TheNeosho Madtom RecoveBRfan(199]) recognized several spéci
threds to water qudity potentialy impadingthe spedes, ircluding feedlot
pollution, non-point source pollution, mine stacontamination, and
operation othe Wolf Creek Nuclea PowerGeneréing Station.Confined
animd feeding opertions (CAFOs) can accidertally releaseof large
volumes ofanimd wastefrom sewage lagoon#jreatenngthe Neosho
madtomby severelympading anmoniaand oxgen levés in steams.
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Three rdeases severely impacted the Neosho madtom in the Cottonwood
and Neosho warsheds upstlan of John Redmond Reservoir in 1966 and
1967 Crossand Braasch 1969)Theresultingfish kills impacted 10-25
miles(16-40 km.) ofstreams, and killed arsémated 225,000 to 425,000
fish (USFWS 1991). Additionally, beveen 1973 and 1986, thrégh

kills were dso assoiated to lagoon spills in theamearea, but wereof

much lower magnitude.

While continuing threts exist from CAFOs, thdargeindustrialfeeding
operdions tret caused the mar problems in the p&t have relocated ouf o
theregon, leaving predminantly smaller (<200 ctle), largely
unregillated CAFOs. Theseoperations i@ manly seasonal Wwinter
livestockfeeding) and ae typically located on tributaes, wherelarge
predpitation eents wash the ve#es into sekams. As aresult, the
increased nutriat load cancauseblooms of égae in shkllow water over
grave bar habita, decrasing supportive habitand waer qudity for the
Neosho madtom (USFWS 1991). tain someareas also ugberivers
as a sowceof drinking waer. Increased erosion through trgpling by
cdtle of strream-side vedationand increased nuént load through
defecation aae locdized impads on Neosho madtom. Weregulations
havereduced the magnitudef thred to the spcies from livesta@k feeding
overthe st 35 years, bulocd effeds remain.

Non-point source pollution from land sack runoff can aiginate from
virtually any land use activity. Across the Neoshadtom’srange,
typical souces are row-crop agiculture, road and hbidge construction,
urban and ruladevelopment, and removal oparian vegéation.
Pollutantsenteringthe Neosho and Sprg Rivers includesedinents,
fertili zers, rerbicides, psticides, animbwastes phamaceutcds, solid
wastesseptic tankdgkage, and peoleum products.Themaost sgnificant
of these imm@mds basn-wide is sadimentation and siltatioffKansaswWater
Office 2009). Adivities that contributesediment discharges intosiream
systemchange the erosion sadimentation patten, whichcan lead to the
destruction of riparian vegetatiorstream bank falure, excessiveinstrean
sediment deposition, and increased waibidity and temperatuse
(Waters 1995).

Sediment has been shown tordageand or suffaae bottan-dwdling
organismsby dogging gils; reduéng aqudic insed diversity and
abundancegimparing fishfeeding behavior by alténg prey baeand
reducingvisibility of prey; impairing reprodudion due to burieof nests;
and, ultimaely, negaively impading fish growth, survival, and
reproduction (Waters 1995). Wood andvtiage(1997)identified &
least five impats of £dimenttion on fish, including (1) reduction of
growth rate, diseaetolerarce and gl function; (2)reduction of spaning
habitat and egg, laag and juvenile developmé& (3) modification of
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migration péterns;(4) reduction of food avidability through the blockas
of primary production; and (5)yeduction of faaging eficiency. In
addition,madtomswhich ae heavily dependent on amereception
(detection of chenicds) for survivd, might besuseptible to human-
induced disturbances, such@emical and sediment inputsetause the
smellstheyproduce could interferevith a madtam’s ability to obtain food
and othewise monitor itsenvironment (Etnier and Jenkins 1980

The Neosho madtonmeovery plan (USFWS 1991dlentified the need to
assess thempads of mne watesenteingthe Sping Riverthrough land
surfacerunoff. Thespedes’ range in theSpring River watershed is
coincident with histaical lead and mc mining, and is pdially
encompassed yPA’s Tri-StateSuperfund site (Allental. 2001; Kiner
et al. 1997). Contamin&norcentrations, primaly lead and zinc, in the
Neosho Riveweremuchlower than those foundhi Centerard Turkey
Creeks, tributees to theSpring River thatrecave runoff rom mining
areas (Smith 1988; Allen et al. 2001)shesof the Sgring River,
includingthe Neosho madtom ralimited by lead, zinc, andadmium in
water and benthic invertebte food souces downgream of the enfluence
of TurkeyCreek (Allert et al. 1997; Wdhaber et al. 2000b). Thisrtéet
limits thespe@es’ range in the SpringRiver and may contributto the
mortality of individud Neosho mdtoms as thy datempt to emgrate, or
get displaced downstream during high wateents.

Wolf Creek Nuclear Paver Geneating Station (Wolf Ceek) rea
Burlington, Kansas, draaweter from the Neosh®iver to fill its 5,090
acre(2060 hetare) coolinglake. Thelake doe not normally discharg
water, losing wate only to evaporation. Howeveit, occasionally spilk
water following largeprecipitation eventswhich dscharges into a
tributary to the Neosho River. The possiblees ofacddental releass
of themal orradioative water on the Neosho maaim and other fams of
agudic life are uncetain, and the likelihood of such an aEnt is small
(USFWS 1991).

The Wolf Creek nuclear power plant began operating in 1985, prior to the
spedes leing listed, so effds to theNeosho madtom from the ong@n
powe plant operations we not subgad to setion 7 consultation.The

plant withdravs waer from eitherJohn Redmond Reservoir or the Neosho
River. Howerer, Nuclea Regulaory Commisson (NRC) andthe Sevice
recently concluded section 7 consultatioti censing the Wolf Creek

fadlity to be éfedive in 2022. Themain thed from plant operationis

the timingof the withdrawks of wate from the Neosho River for plant
cooling operations, and tinecombined effets with possible future

drought conditions.S. Army Corps d Engineers 2011)As aresult of

the consultation, the plant optraand theNRC have ageed to withdraw
water during periods of hilg stream flow and maintain the pid’s cooling
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lake at high lewvels toavoid withdraving water duringlow flow or drought
conditions.

During asevereadrought in the 1950s, the NeosRaver ceaseal flowing
duringseverd periods, forang riffle dwdling spedes, seh a theNeosho
madtom, into Ies fvorable habitatRiffle dwelling fisheswerethe
slowest to ecove following resumption of continuous flow (2eon
1961). Neosho madtom was uncommobthasites followingthe drought
until thethird summenof continuous flow (Daomn 1961; USFWS 1991).
During this period of drought, watequality was also highly degradetl a
times dueo ladk of flow, as municif@a sewageeffluent wa often rdeased
badk into the rver without being diluted (Cross 1967).

Droughts can be exgted to recur, and the impaat droughts compatade
to that of thel950s will wasen & demards for water consumption
increasse. Suiace wder demand for industrial, agultural, and municipla
uses in thé&Neosho bain (inclusive of the Neosho, Cottonwood, and
Spring Riven) is progcted to inease 25 parent baween 1984 and 2040,
which males the ovethsurface water suppigadequée in theevent of a
sevee drought Kansas Weer Office 1987; U.S. ArmyCorps d Engnees
2011). Public weerdemand in the Neosho bassforecast to incease ty
12,816aaefeet peryear by 2050 (KasasDivision of Wder Resource
2006; Kansas Witer Office 2006.

Minimum desigble steam flows were establishedby Kansas Sttutein
1980 (K.S.A. 82a-70& 82a-928)to help mainta surface flows in
designated streas, and to pratd them from over-appropation of waer
rights. In developing tlsestreanflow standads, consideron was given
to consumptive use (municipal, industrial, and agriculltufiah and
wildlife requirements,and waer qudity (KansasDivision of Waer
Resources 2006; Kansas WfeOffice 2006).Minimum desigble stean
flows have been &ablished for two sites on the Cottonwood Riaad
threesites on the NeoshRiver (K.S.A. 82a-950; Kasas Véter Office
1988) Given this scenariayater would bereleased from Marion, Council
Grove, and John Redmond Resersaaprovide theminimum flows
needed in theestreans. An assessment dfansit losss fordrought
conditions wa canducted bythe USGS, and uther none of their models
would enough watebeavalable in the reservoirs toed theminimum
desirable stram flowsfor thelower Neosho River in Kansas (Gwell
and Hart 1985)The adveseeffeds of adrought on aquigc wildlife could
belesned, but not prevented, theseminimum steamflows duringa
prolonged drought (Kesas Viéter Office 1988 U.S. ArmyCorps of
Engineers 2011). Threatfrom insteam water shéages remain high, but
not imnmediate.

Summary
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Theoperation of John Redmond Dappeas to im@ad speces
abundance,sawdll as habitat quality and quantityThis impat, in
combination with unredatedadivities thet resultin impeacts sich &
stream bank erosion and sedintation, furtherthreaens the speesand
its havitat. Thesethreds arelikely to continue into the nefuture The
thred to theNeosho madtom &m instean gravelminingis now likely
lower than d thetime of listingdueto regulations prohibitingyravd
extraction from below the wierline. Howeeer, if unregulated scalping b
grave bars increaseovertime, thelevel of threat reultingfrom deceased
avdlability of gravel habtat will lik elyincrease as Wle Thredsfrom
deaeased weer qudity are bdieved similarto thetime oflisting, & most
adivities that contibuteto degradations continue ane anregulated.
Threas from deaeased flows dugo alloation ofstream wate continue,
but arenot immediate, ard will lik ely only result in combination with a
period of prolonged mught.

2.3.2.2. Overutilization for commercial, recreational, saentific, or
educational purposes

Overutilization is not known to be a factor in thedéhe of the Neosho
madtom.

2.3.2.3. Diseaseor predation

Diseaseand predatiomre not known to be faarsin the ekdine of the
Neosho madtom. Hueever, migration of introduced piscivorousshes
from reservoirs into the spies’ riverine habitd could havesome
locdized, temprary impads through predationImpads of this natte
have not been documented foe Neosho madtom.

2.3.2.4. Inadequacy of existing regulatory medanisms

Several fedetaand statdaws andregulations e pertinent to theNeosho
madtom. Thesedifferentstatues cantributein varying degees to the
conservation ofhe $edes.

Federal Endangered SpeciesAct

TheEndangered Spdes Ad (ESA)is theprimary federd law that
provides protections for the Neosho madtom. The ESA preaderd
tools that ee regularlyusedto help conservihespedes. Sedion 7(a)@)
requires federa agen@esto consult with th&JSFWS to ensure anypjed
funded, authorized, aaried out bysuchagency does not jeopizethe
continuing exstence of disted sgaes, orresultin the destruction or
advesemodification of designated dtica habita for the sgdes. In the
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caseof the Neosho madtom, tresis nofederally designated atica
habitat, so theesond provision does not apply.

Sedion 9 ofthe ESA provides fordirect protetion of afederallylisted
spedesby prohibiting “take” (i.e., to haras,harm, pursue, hunt, shoot,
wound, Kill, trap,cgpture, or cokd, or to engage in any such caiat).
Sedion 10a)(1)(B) adlows us to penit incidentd takewhere a Habita
Conservation PlarHCP) minimzes andmitigatesthe effeds of
authorized incidetal t&ke. To déee, there are no USFWS authorizel HCPs
finalized forthe Neoshomadtom. Sedion 6 ofthe ESA alows for
cooperation beteen theUSFWS andstaks in themangementand
fundingof projeds deggned to enhancihe consevation offederally-
listed sgecies. To date, numerous research and conservation ptejec
involving Neosho madtom havedn funded through section 6, including
cgptive propagation, stas suveys, environmental containants studies,
and habitaand lifehistary research. In the abse of theESA’s
protectionsfederal protections fathe sgcies or considerationifthe
spedes’ biologca needs would bémited, as desribed béow.

Other Federal Regulatory Medhanisms

The FederaClean Wder Act affords some potections forthe Neosho
madtom. The U.S. Arm@orps of Engireas (Corps) issues @mits for
the dischargefadredged or iil materials into “Waters of the United
Staes.” They intepret this phraeto include not only navigable wate
but also othedefinedwaters that ae adjacent or hydlogically conreded
to traditional ravigable wéers. Thebasic premiseof the pogram is that
no discharge fadredged orifl material maybe pemitted into such wiars
if: (1) a padicable dterndive exists that is lesdamagng to the aquic
environmei or (2) thenation’swaters would be sigificantly degaded.
In othe words, pemittees must show ¢hthey have, to the é&nt
pradicable: taken steps to avoid Wand im@ds; minimized potential
impads on wdélands; angrovided compensation for amgmaining
unavoidablempads. Becauseof the Neosho madm'’s listed status, the
Corps is equired undesection 7 ofthe ESA to consult with theUSFWS
beforeissung a 404 penit to aprojed appliantthat may dfed the
speces. If theESA’s protections wee removed, sdion 404 ofthe Clea
Water Act protections involvinghe consevation of the Neosho madtom
would likely deceasesignificantly. Example of projeds that may affed
the spdesand would bdikely to occu if ESA protections wee removed
include excavation and placement difl, such as riprap, directly in the
adive, flowing channk and work occuing in theadive channel durig
the sgdes’ spavning period. Theseactions could increase erosion and
sedimentation ultingin deaeased habitaquality and reproduitve
succes;and possiblyesult in dire¢ mortality by burying or crushing due
to fill beingplaced or equipment operation in the channe
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Grave bar scalpingis presently not aegulated ativity unde section 404
becaise it @curs alove the weerline. All gravelminingin the waers of
the Neosho basin was regulated by@uweps unde section 404 until 2007.
In thatyea, Naional Association ofHomebuilders vs. Corps oxterned
the Corps’ definition of thcidental fallbadk” of fil | in awetland(U.S.
Environmental Protémn Agency 2008a; U.S. Environmeh®otection
Agency 2008b).As related to the Neosho madtom, this decision resulted
in thesalping of gravebars becoming an uegulatedadion unde

sedion 404, as longsadl excavated (scalped) cavel is immedately
loaded and removed inthestreanbed. This reduction eégulatay
authority for the Corpeesuled in inadequa protedion for themadtom
from gavel scdping adivities.

Sedion 402 ofthe Clea Waer Act govens Naional Pollution Discharg
Elimination System grmits for point sourcs, sich aslarge onfined
animd feeding opertgons. While this system is manged bythe
EnvironmentaProtection Agencymoststates, includingOklahoma,
Kansas, and Missoumye authorizedo implement the pogram in their
Stak. Thesepamitsrequire the use of b& managenent padices to
reducepollutants to the “mamum extent gadicable.” Prograns
delegated tdhe stags are not required t@esult withthe USFWS, nor ee
they required to spéccadly conside the impad of pamittedadions to
theNeosho madtom. fithe ESA’s protectionswere removed, there would
be no im@d to theNationd Pollution DischargeElimination System
permitting process. With or without theESA’s protections, thestandrds
put in placehrough this pemitting process likdy bendit the spedesby
providing protection to war qudity.

The National Environmental Policy AQNEPA) (42U.S.C. 437 %t seq.)
provides some protéons forlisted sgdes that may be diectedby
adivities untaken, authorized, or funded by fedleagendes. Priorto the
implementation of suig projects with afederal nexis, NEPArequires an
agency to analyze the peoct for potential im@ds to the human
environmen, including naturbresaurces. Incases where the analgis
reveds dgnificant environmentaffeds, the fededaagencymust discuss
mitigation thatcould offset thosefeeds (40 C.F.R. 1502.16). Although
implemented mitgation ustally provides somerotection fa listed
spedes, NEPA des not requir¢hatadveseimpads be mitgated, ony
that the impets beassesed and the anais discbsed to the public. In
theabsence of thESA’s protedions, it is urlear what levd of
consideration and prettion federd agenceeswould providethrough the
NEPA pocess.
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State Implemented Regulatory Mechanisms

In Kansas, the Neosho nitam is lised as theadened undethe Kansas
Nonganeand Endanged SpeciesAct of 1975. Thisstatusgives the
KansasDepatment of Wildlif e, Parks, and Touns (KDWPT)
considerable authority proted thespedes(K.A.R. 115-15-3). Persons
undetaking or sponsoring any@ect involving public money,ssistace
from a public agency, or requiringstéateor federal panit must obtain a
permit from the KDWPT if their projed is likely to destroy individuals &
a proteted eciesor their statedesignaed critical habitatsThese
projeds include roads and bridgestean channel #erations, dams,
landiills, sewe plants, pwer plants, a@ports, etc The KDWPT can
issue the grmit if the projed sponsor agpes to mitgate and compensate
using measures to minimee the loss of aningor habitat; howeve the
KDWPT can rdéuse to issue a peit if the resourcdoss is dedrmined to
be unaceptable. Pesons undetaking or sponsoring projesthatare not
funded from pubt souces andare not required to havestateor federd
permit, such as housing developments, must obtainraip&rom the
KDWPT oy if theadion will destroy thredened or endangered spes;
habitat is not proteed.

TheOklahoma Depament of Wildlife Conservation, undestate satute,
prohibits thekillin g, possession, and hasarent of stateand federai}
listed scies(OK. ST. T. 29 8c 5-402, 412, 412.1). The Neosho
madtomis not statdisted, but is protetedfrom “take” unde state law due
to its federdstatus. Oklahoma has no legal provisionsrérew of state
or private actions thet may affed listed sgcies’habitat.

TheMissouri Depatment of Consevation lists theNeosho madtom as an
endangered spesby datestatute(MO. CSR 10-4.110). This V&

prohibits the killirg, possession, hasasent, tansport, andlgering or
destroying occupied habitat. Thre is no review or pemit requirenents
concening stateor pivateadions tret may dfed a listed speies orits
halitat. Federklisting status provides more consistent protections than a
afforded bythe combination of individual staand enforceent

cgpabilities aaoss hespeies’ threestaterange.

In Kansas, the KesasDepatment of Hedth and Environment (KDHE
list standrdsfor surface waer qudity thataffords aeve of protedion for
theNeosho madtom. The Cottonwood and Neosho Riaer dassified &
“spedal aqudic life use wéers” (waters that cotain eitherunique habita
types andbiota, or speciethat & listed undestde statue). Thes
streams have spafic criteria for several environnregal parameers
(K.A.R. 28-16-28¢ andfurther, if these citeria are detemined to be
underprotedive, the KIHE can develop more appropiessie-spedfic
standrds. Although thesstandrds arein place they ae often exceeded
for extenced periods of the until caredive measuves an be
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implemented. Weer qudity stardardsfor Missouriand Oklahoma has
no provisions that recognizke sgdal needs of stée listed thregened or
endangered spess. Thus, the threeof impaired waer qudity is not
currently addressed by astateregulatory mechanism in Missouri and
Oklahoma; and only paatly addressed in the spes’ Kansa range.
federallisting unde the ESA provides more constent range-wide
protectionghan stateegulations.

Summary

Priorto listing, theNeosho madtom had no sigitiént stée orfedera
protections. lIsting enabled th&JSFWS to provide some oxgght of
Federdactions potentily impading the spdes, paticularly through
sedion 7 consultation and section 9 tgkehibitions. Through thesection
7 function, manympads affeding the speieshave leen lesened or
avoided. Theeadions irclude sevetddongterm and ongoingmpads
(i.e., road and bridge cstmuction, gravémining below the waterline,
bank stailization projets). Without proedions afforded by th&SA,
theseadions would likely occur without federalview of impads to the
spetes. Haveve, themajaity of habitat occupied bghe Neosho
madtom is undeprivate ownership, and longefm and ongoingmpads
resultingfrom grivate actions involvindand-use and land-covehangs
continue. Most privi@ actions impa&ting the spesare not induded
unde thevenueof existing federal andtateregulaory mechanisms,
including renoval of riparian vegéation, row crop production,livestock
graang, smallconfined animbfeeding operations, gravaining above
thewaterline, and urban/suburban developmeddawever, landowner
knowledgeof the sgdes presence and thessocatedtakeprovisions of
theESA have redaed the @currence of some detnental adions,
paticularly the miningof gravd from beneath the war suface.

In summarythecurrent federategulatay oversight has minimized man
impads aross the range of the Neosho madtdtowever, current
regulatary authority has not been sigifent to pevent the spaes’
continued, slow edine in a portion of itgange. Thededine has lagely
been limited to the lover Neosho Rivewherethreds appeamaore sevee
and habitat appessmae suseptible to dtrimental changes. 1l the
abserte d the ESA’s protections, we bkeve the spcies’dedine in the
lower Neosho River would havesln expedited as otheegulatay
mechanisms apea limited. tis dso likdy that theESA’s protections
have benttted the speies in theremainder of its range whee threds
appea less imnediateand severe.
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2.3.2.5. Other natural or manmade fadors affeding its continued
existence

Drought

Drought in the praiie landscapés anatural phenomenon histoally
toleraedby the Neoshomadtom in unalteed halitat. Drought has an
increasingimpad on the spaesas waer deamarnds inadeaseand wateshed
development and land-use changes ncdineseimpads have resulted in
deaeased conedivity and inceased isolation of @sting populations a
surface fows deaeaseor cease.In its natual environment, the Neosho
madtom wa ableto dispeseto suitable, Bhoughlikely less than optimal,
habitat during dry p#ods. Presently, the numerous major and l@ath
dams in thesystemgredly deaeasethis abilty. Much of thespedes’
remaining enge is fagmented undedeal flow conditions, and the
occurrenceof drought exacebaes this thed.

Climate Change

According to the Intergvernmental Pand on ClimateChange (IPCC)
(2007, p. 72) “Waning ofthe climate system is uequivocal, as is now
evident from observations of increase global aveage ar and ocean
temperaures, widespreadneltingof snow andde, and rising tpbal
avaageseadevel.”

Sincethereleaeof thelPCCreport, nev evidence that oyslaret is
expeiencing sigificant and potentially irrevsible changs has
undescored reasons for cooern (Smith etal. 2009 asited byGlick et al.
2011). htheUnited State, weare seéng amultitude ofchangs
consistent with aapidly warming climate. Climate chargeimpads in the
United Stées sumrarized bytheU.S. Glob&dChange Resach Progran
in Global Changenhpects in the United Stas(Karl et al. 2009)nclude:

e U.S. aveagetemperature harisen more than degrees Fahrenhié
ove thepast 50 yei@ and is projected tase mae in the future; how
much more dependsimarily on the amount of hedtapping gase
emitted globally and howensitivethe climateis to those missions.

e Predpitation has inceased an avage d about 5 percent ovéhe past
50 yeas. Projections of future prepgitation gererally indicate hat
northen areas will becanewetter, and southen areas, paiculary in
the West,will become der.

e Theamount of ra falling in the heaviest downpaaihas igreased
approxmately 20 pecent on aveagein the patcentury, ard this tend
is verylikely to continuewith thelargest increases in the weest
places.

e Many types ofextremeweatherevents, suchshed waves and
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regional doughts, have édxome mae frequent and inteseduring the
past 40 to 50 yea.

Thesechangs are already having a considelbde impact on spciesand
naturd systems, icluding changes in thieming of biologcal events (i.e.,
phenologcal changey swch as the onsendend of breeding seasons,
migration, andlowering; shifts ingeographicanges; andchanges in
community dynanics and populations. ({&ck et al. 2011)

Theemlogicd impacts assocatedwith climate changedo not exst in
isolation, but combine ith and exaceabate exsting stresses on our haal
systems. Vulneraility to dimate change has thrg@inciple components:
sansitivity, exposure, and adaptive eapy (Glick e al. 2011; Dawsonte
al. 2011). Sesitivity is the degeeto which a systm is dfected, @her
advesely or bendicially, by dimate-rdated stimuli(U.S. CCSP 2008sa
cited byGlick et al. 201). Exposurds thenaureand degeeto which a
system is gposed to sigificant climate variations (IPCC 20011Is &ited
by Glick et al. 2011). Adaptiveagpadty is theability of a system toadjust
to climate changgincluding dimate variability and exremes)to moderge
potential @dmages, to take advagesof opportunties, or to cope with the
consequencgIPCC 2001 a cited byGlick et al. 2011).

If theseclimate charge models prove accée, the long-tem impads to
theNeosho madtom could be substantial. &dpin summe are of
paticular concen. Increased a temperdures will lead to highewate
temperaures, espedally duringlow-flow periods. Redted summer
predpitation and inceased evapot#on is likely to reducdlows. Such
conditions case increaed stress to fishThetiming and amount of
predpitation will alsoimpad groundwéer rechargerates. Finally,
substantially hottesummers would likelyincrease munipal and
agricultural demand for surface-wgerand ground-wier resources. Thus,
theavadlable information indcatesclimate changds a substantidong-
term risk factor which could neaningfully impad water quantity and the
suitability of stream hatiat. However, due to thedd of dimate charge
projections and modeling spfic to this region, it is too spadative to
know the exent to whichclimate changewill threaten the species. More
study of this issue isecommended.

2.4. Synthess

The Neosho madtom wdistedas a thretened speies in May 1990. At thetime of
listing three populations we known, and their status wassumetb be sable. Habitat
loss forthe sgdeshad een extensive due to catmgction ofreservoirs. Known tredas
to the Neosho madtom include grhksarremoval, drought, cimeicd pollution,
sedimentation,leerdion of flow regmes, and intespeafic competitian. Knowledgeof
the sgdes’ reprodutive eclogy and population biology vedacking.
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Sincethe Neosho madtm was listed four genealized populations haveeln recognized.
Thepopulation in the Neosho and Cottonwood Rivers upstaalohn Redmond
Reservoir appas stble,and is chaderized by high numberof individuds perunit
area. This steam read has arelaively naturdhydrogaph and generally moddgato
high quéity habitatwith alow magnitude and irnedeacyof threa. The Neosho River
population downstrea of John Redmond Resmir is generally low in abundae, and
has exhibited aslow dedine in numbes sirce maitoring began in 1991The speces in
this reach is subjetto rapid ircreases and demases in flows due to damleases;
unnatural periods of hightanudedflows thet mayimpad reproduction and regitment;
and ha a mixof low to high qudity habitat, with quiaty generallyincreaing & the
strean flows south. This population ia modrate magnitude 6threat of an ongoig
nature. The&pring River population upstreafrom theconfluenceof Turkey Ceek
appeas shble, but is charaateed by low numbers, likely seilting from minimel
amounts of suitale habitat present. Thes to sgdes in this ead ae bdieved low in
magnitude and nommminent. The population in the SpriRiver downstream of Empire
Lake was not known to exist until 1994, and thecsgs las only been captured five
times in this ead. Little work has been completed ithis dion of river to document
habita avdl ability and qudty, and the sgcies’distribution. Howeve, it is likely
impaded to some degree by lead amttzontaminéion resultingfrom pag mining
adivity.

Thelikely most severémpads to theNeosho madtom sindesting affed the population
downstrean of John Redmond Reservoir. Hydrolodichanges involving flowevels,
timing, and periodicityikely impacts habitat quality and quantity, reguctive adivity,
reaquitment, and the aqtia invertetrate fauna (food sourge Initiation of sction 7
consultation with the U.S. Arm@orps d Engneersconcening dam operations and tine
impad to the spdes slould occur in the neduture to try to renediate sone ofthe
projed’s negdive effects. Gravebar removal (grave mining) is still a threat,

paticularly in the Neosho and Cottonwood RieHowever, the magnitudef threa
from this ativity has decreased substantially dwerggulations prolbiting mining
bereah the waerline. The acurrenceof drought, in combinaon with appopriation of
water rights, continuessaa moerate, nornmminent thred to the spaes. Chemicd
pollution and sedimentation continue to aapthe Neosho madtomnal its haitat at
similar levds to when listed, vith most esultingfrom non-point source runfofrom
agricultural andurbanadivities. Interspedfic competition betveen the Neosho madtom
and other fishes,rminally believed to be ¢hred, has been disproven byceat reeach.

The Neosho madtom’s present status afgsble in theNeosho and Cottonwood
Rivers upstrea of John Redmond Res@ir; and in theSpring River upstean of the
confluencewith Turkey Creek (upstream populaon), dbeit low abundance Thelower
Spring River population is largely undocumented, andsggsin extremdy low
abundance, however due to k@t discovery, not enough irmimation exsts to
determine population trends and magnitude amaninerce of threat. The Neosho River
population downstrea of John Redmond dam to the Lakétle Cherokees in
Oklahomais experiencing a verglow decreasein abundancdikely beinginfluenced by
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John Redmond Dam operations and the presenceanly lowhead dams. Oveltahreats
to the speles haveremanedsimilar, or haveminimaly deaeased, since thime of
listing. Generallywe bdievethe sgdesas awhole has alow-moderse magnitudeof
threat, of a nommminent basis, witlthe exception ofthe decreaing population
downstrean of John Redmond Reservoir whoseeth is highe in magnitude and o4
moreimminent natwe. However, due to thelow natureof the cedine, and the
possibilityof threa reduction throughuture section 7 consulian with the Corps
corcerning John Redmond Dam optaoas, the Neosho madtom shouldnan listedas
a thredened speies.

Followingthe listingof the Neosho madtom in 1991, a strong degree oficbafose
corcerning commer@l gravel mining operations in ttation to the spdes’ habitat and
income losses to severafional busineses. The lay of conflict has been rechad in
recent yeas dueto changes in regulations. M@ver, pullic wate demandhas also
increased duringhis time and is fecast to inceasefurtherin the coming gas, likely
increasingthe levd of conflict (U.S. ArmyCoarps of Engiras 2011; Kansas Division of
Water Resources 2006; iKaas Wter Office 2006).Dueto this fad, we bdievethe
current ¢assification is still correct and should not be changed.

RESULTS

3.1. ReoommendedClassification:

X1 No changes neaded

RECOMM ENDATIONS FOR FUTURE ACTIONS

1. Communic#e and coordinge with theU.S. ArmyCorps of Engireas concerning
possible degimentl impacts to theNeosho madtm by operations of John Redmond
Dam; and to encorage nitiation of sedion 7 consultation undeéhe ESA resultingin
changes in dam opdians.

2. Continue to develop and fundhapulation gedics studies to ientify possible
gendic lossand differentiation of populations gpment to anew draft recovery plan
and its implenentation.

3. Develop a ne draft andfind recoveryplanfor the Neosho madtom, including
objedive, mesuedle recovery citeria.

4. Continueto implement sandadized annual monitoring fahespedesandits haitat,
resultingin informationto track changes in abundaandistribution, and trends.

5. Continue efforts and coorditian with other agendges, munigpalities,and
landownes toencourageemoval of lowhead dams in the spet watersheds.
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6. Continue to use eésting legislation andregulations (federd andstateendangered
spedes lws, water qudity requiranents,strean dteration regulations,te.) to proed
the spdesand its halat.

7. Continue effots to educe non-point source pollution Wwerking through he
Patners for Fish and WildlifeProgam, the Fam Bill, the WatershedRestoation and
Proedion Stietegy (WRAPS), and other incentive progna to implenent best
management padices.
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