
DENNIS STREICHER
City of Elmhurst, Illinois
209 North York Street

Elmhurst, Illinois 60126
630.530.3046

EDUCATION and

CERTIFICATION B.S. in Biology from Northern Illinois University.

Illinois Class 1 Sewage Treatment Works Operator

Illinois Class “A” Public Water Supply Operator

WORK
EXPERIENCE City of Elmhurst, May 1972 to present

1972-1 981 WWTP Chemist

1981-1982 Assistant Superintendent

1982-1990 Superintendent

1991-2000 Assistant Director of Public Works/Water and

Wastewater.

2000-Present Director of Water & Wastewater

PROFESSIONAL
ACTIVITIES Member of the A.W.W.A.

Member Water Environment Federation
Member of Central States Water Environment Assoc.
Chairman of the Central States Education Committee
Past president of the Central States Illinois Section
Vice-president of the Illinois Association of Wastewater Agencies
Served as the northeast representative on the Operators
Certification Committee for six years.

AWARDS 2000 Illinois EPA Operator of the Year
1996 CSWEA Operations Award

INTERESTS Active in local environmental groups especially bird watching
(birding) organizations. Wildlife photography especially birds in
wild habitats. Natural history studies.



April 2, 2004

Mr. DennisP. McKenna
DeputyAdministrator
Illinois DepartmentofAgriculture
P.O.Box 19281
Springfield, IL 62794-9281

Re: Illinois AssociationofWastewaterAgenciesDissolvedOxygenStudy

DearDennis,

As afollow up on ourconversationof April 1, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(IAWA) dissolvedoxygenstudy.
As you areawareIAWA is veryinterestedin implementingthisstudyandmodifying the
Illinois waterqualitystandardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterquality standardswill be enhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feelthestudyhasfollowed closelytheUSEPA
protocolsandbuildsuponthepreviouswaterquality standard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Notethatthe studyspecifically
excludesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheIAWA commissionedthisstudywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathathasbeendevelopedsincethat time.The
final draftwill thenmakerecommendationsto modify Illinois waterquality standardsfor
DO basedonnatural fluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
day runningaveragesfor themeanandminimumDO concentrations.Themeanwould be
7-dmeanof6.0 mgIL whenmostearlylife stagesoffish arepresentand a7-dmean
minimumof4.0 mg/L whenmostearlylife stagesoffish areabsent.This featurealone
addssignificantly to thestandardsasit recognizesthe seasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

I havetransmittedacopyofthereportto you; wewould appreciateyourthoughtson the
study.Also, pleasedon’t hesitateto sharethestudywith othersin theagricultural
communitiesto elicit theirresponsesaswell. ThegoalofJAWA is to includecomments

EXHIBIT



ofall interestedstakeholders.Furtherwewishto surethattheconcernsof theagricultural
communityareansweredbeforetheJAWA makesthemoveto askthepollution control
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith youandif you haveanyquestionsdon’t
hesitateto givemeacall at (630)530-3046.

Sincerely,

DennisStreicher
DirectorofWater& Wastewater
630.530.3046office
630.834.0298fax

Cc: IAWA DO file



June14, 2004

Ms. NancyErickson
DirectorofNaturalandEnvironmentalResearch
Illinois FarmBureau
1701 TowandaAvenue
Bloomington,IL 61701

Re: Illinois AssociationofWastewaterAgenciesDissolvedOxygenStudy
IPCB DocketNumberR04-25

DearMs. Erickson,

As afollow up to ourconversationofMay 25, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(IAWA) dissolvedoxygenstudy.
Earlier in April of2004I hadtransmittedacopyofthestudyto you for comments.

As youareawareIAWA is veryinterestedin implementingthis studyandmodifying the
Illinois waterqualitystandardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterqualitystandardswill beenhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feel thestudyhasfollowed closelytheUSEPA
protocolsandbuilds uponthepreviouswaterquality standard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Notethatthestudyspecifically
excludesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheJAWA commissionedthis studywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathathasbeendevelopedsincethat time. The
final draft will thenmakerecommendationsto modify Illinois waterqualitystandardsfor
DO basedon natural fluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
dayrunningaveragesforthemeanandminimumDO concentrations.Themeanwould be
7-dmeanof6.0 mgIL whenmostearlylife stagesof fish arepresentanda7-dmean
minimumof 4.0mg/L whenmostearlylife stagesof fish areabsent.This featurealone
addssignificantly to thestandardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.



At this timetheTAWA hasfiled apetitionwith theIllinois Pollution ControlBoard
(IPCB)to incorporatethestudiesresultsinto Illinois generalusewaterstandards.The
TPCB hasagreedto hearthepetitionandhassetdatesin JuneandAugustto receive
testimonyfrom interestedstakeholders.Wewould appreciateyourthoughtson the study.
Also,pleasedon’t hesitateto sharethestudywith othersin theagriculturalcommunities
to elicit their responsesaswell. Thegoalof JAWA is to includecommentsofall
interestedstakeholders.

Onceagainit wasenjoyablespeakingwithyou andif youhaveanyquestionsdon’t
hesitateto givemeacall at (630)530-3046.

Sincerely,

DennisStreicher
Directorof Water& Wastewater
630.530.3046office
630.834.0298fax

Cc: IAWA DO file



April 2, 2004

AlecMessina
IL EnvironmentalRegulatoryGroup
3150RolandAvenue
Springfield, IL 62703

Re: Illinois AssociationofWastewaterAgenciesDissolvedOxygenStudy

DearAlec,

As afollow up on ourconversationofApril 2, 2004,I’d like to thankyou for your
interestin the Illinois AssociationWastewaterAgencies(TAWA) dissolvedoxygenstudy.
As you areawareTAWA is very interestedin implementingthisstudyandmodifying the
Illinois waterquality standardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterqualitystandardswill be enhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feelthestudyhasfollowed closelytheUSEPA
protocolsandbuildsuponthepreviouswaterquality standard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Notethatthestudyspecifically
exciudesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheIAWA commissionedthis studywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathat hasbeendevelopedsincethat time. The
final draft will thenmakerecommendationsto modify Illinois waterquality standardsfor
DO basedon naturalfluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. The mostsignificantrecommendationsaretheincorporationofseven
dayrunningaveragesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof6.0mg/L whenmostearlylife stagesoffish arepresentanda7-dmean
minimum of4.0mgIL whenmostearlylife stagesoffish are absent.This featurealone
addssignificantlyto thestandardsasit recognizestheseasonalityofthe naturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto or more
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

I havetransmittedacopyofthereportto you; wewould appreciateyourthoughtson the
study.Also, pleasedon’t hesitateto sharethestudywith othersthat you representto elicit
theirresponsesaswell. Thegoalof IAWA is to includecomthentsof all interested



stakeholdèrs.Furtherwewishto surethattheconcernsoftheindustrialdischarger
communityareansweredbeforetheJAWA makesthemoveto askthepollution control
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith youandif youhaveanyquestionsdon’t
hesitateto giveme acall at (630)530-3046.

Sincerely,

DennisStreicher
DirectorofWater& Wastewater
630.530.3046Office
630.834.0298fax

Cc: IAWA DO file



April 12, 2004

Dr. EdwardKrug
Illinois StateWaterSurvey
2204 Griffith Dr
Champaign,IL 61820

Re: Illinois AssociationofWastewaterAgenciesDissolvedOxygenStudy

DearDr. Krug,

As a follow uponourconversationofApril 12, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(IAWA) dissolvedoxygenstudy.
As you areawareJAWA is very interestedin implementingthis studyandmodifying the
Illinois waterqualitystandardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterqualitystandardswill be enhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feel thestudyhasfollowedcloselytheUSEPA
protocolsandbuildsuponthepreviouswaterqualitystandard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Notethat thestudyspecifically
excludesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheIAWA commissionedthis studywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathathasbeendevelopedsincethat time.The
final draftwill thenmakerecommendationsto modify Illinois waterquality standardsfor
DO basedonnaturalfluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationof seven
dayrunningaveragesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof 6.0 mgIL whenmostearlylife stagesoffish arepresentanda 7-dmean
minimumof4.0 mgILwhenmostearlylife stagesof fish areabsent.This featurealone
addssignificantlyto the standardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

I havetransmittedacopyofthereportto you; we would appreciateyourthoughtson the
study.Also, pleasedon’t hesitateto sharethestudywith othersthat you representto elicit
theirresponsesaswell. ThegoalofIAWA is to includecommentsofall interested
stakeholders.Furtherwewish to surethattheconcernsofthe industrialdischarger



communityareansweredbeforetheJAWA makesthemoveto askthepollutioncontrol
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith you andif youhaveanyquestionsdon’t
hesitateto give mea call at (630)530-3046.

Sincerely,

DennisStreicher
DirectorofWater& Wastewater
630.530.3046Office
630.834.0298fax

Cc: IAWA DO file
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ShortCurriculumVita

Name JamesE. Garvey

Title AssistantProfessor

Address FisheriesandIllinois AquacultureCenter
DepartmentofZoology
SouthernIllinois University— Carbondale
jgarvey~siu.edu
http://www.science.siu.edu/zoology/garvey/index.html

Degrees 1997 Ph.D.,Zoology,TheOhio StateUniversity,Ohio
1992 M.S., Zoology,The Ohio StateUniversity, Ohio
1990 B.A., cumlaude,Zoology,Miami University,Ohio

Experience

2000- AssistantProfessor,DepartmentofZoology,SouthernIllinois
University

1998-2000 AssistantProfessor,Division ofBiology, KansasStateUniversity
1997-1998 PostdoctoralFellow,DepartmentofBiology, Queen=sUniversity,

Ontario
1997 ResearchAssociate,Departmentof Zoology,The Ohio State

University
1996-1997 PresidentialFellow, GraduateSchool,TheOhio StateUniversity
1990-1996 GraduateResearchAssociate,DepartmentofZoology,The Ohio

StateUniversity
1990-1996 GraduateTeachingAssociate,DepartmentofZoology,The Ohio

StateUniversity
1988-1990 ResearchTechnician,DepartmentofZoology,Miami University
1988 StudentResearcher,Schoolfor Field Studies,St. John,U.S. Virgin

Islands

FieldsofResearchCompetence

Aquaticecology,fish ecology,basican4appliedfish biology,limnology, food

webdynamics,bioenergetics,life historymodeling

HonorsandAwards

2001 BestOralPresentation,AnnualMeetingoftheIllinois Chapterofthe
AmericanFisheriesSociety,February2001

2000 BestOral Presentation,2000AnnualMeetingoftheKansasChapterofthe
AmericanFisheriesSociety,Manhattan,Kansas

1999 Article titledACompetitionbetweenlarval fishesin reservoirs:theroleof
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JamesE. Garvey 2

relativetiming of appearance@(co-author,R.A. Stein)wasamong5
nominatedby aselectioncommitteefor BestPaperin Transactionsofthe
AmericanFisheriesSociety(out of—100 articles)

1999 AmericanSocietyofLimnology andOceanography=sDIALOG III
Symposium,Bermuda,October1999

1998 GraduateFacultyStatus,KansasStateUniversity,November1998
1996 BestPoster,AnnualMeetingoftheAmericanFisheriesSociety,Dearborn,

Michigan,August1996
1996 UniversityPresidentialFellowship,July 1996
1995 HonorableMention, BestOralPresentation,AnnualMeetingofthe

AmericanFisheriesSociety,Tampa,Florida,August1995

StudentAwards

2004 DeanSherman,HonorableMention,BestPosterAward,Undergraduate
ResearchForum,SouthernIllinois University,Carbondale,March 2004

2004 LauraCsoboth,StudentTravel Award, Illinois AmericanFisheriesSociety
Meeting,Champaign,Illinois, March 2004

SelectedProfessionalService(lastfive years) -

2004 Reviewer,NationalScienceFoundationproposal,EcologyPanel
(RUTproposal)

2004 Member,SkinnerAward Committee,AmericanFisheriesSociety
(secondterm)

2004 NorthCentralRepresentative,EarlyLife History Section,
AmericanFisheriesSociety.

2003 WorkshopPresenter,AnalysisofFisheriesData,Illinois Chapter
oftheAmericanFisheriesSocietyContinuingEducation
Workshop,Springfield, Illinois, April 2003

2003 Moderator,RiverSession,Illinois ChapteroftheAmerican
FisheriesSociety,RendLake,.IL, February2003

2002 Reviewer,NationalScienceFoundationproposal,EcologyPanel,
August2002 -

2002 Chair,StudentJudgingofOral Presentations,NationalAmerican
FisheriesSocietyMeeting,Baltimore,Maryland,August2002

2002-presentAssociateEditor, TransactionsoftheAmericanFisheriesSociety
(handle-~ 10 manuscriptsper year)

2001-2003 Judge,RegionalScienceFair, SIUC campus,February2001-2003
1999-2001 Member,SkinnerAward Committee,AmericanFisheriesSociety

(first term)
2001 Reviewer,NationalScienceFoundationproposal,EcologyPanel,

February2001
2001 Moderator,FisheriesSession,Illinois RenewableNatural

ResourcesMeeting,February2001
2000 Judge,StudentPaperPre~entations,AmericanFisheriesSociety
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JamesE. Garvey 3

NationalMeeting,August2000
1994-present PeerReviewer,Behaviour,Biological Invasions,Canadian

JournalofZoologyTransactionsoftheAmericanFisheries
Society,North AmericanJournal ofFisheriesManagement,
Ecology,EcologicalApplications,GreatBasin Naturalist,
AmericanMidland Naturalist,Prairie Naturalist, Journalof
PlanktonResearch,AnimalBehaviour,Journal of theNorth
AmericanBenthologicalSociety,NorthwestScience,North
AmericanJournal ofAquaculture,Proceedingsof theRoyal
AcademyofScience—GreatBritain

CurrentSocietyMemberships

2003-present HonoraryMember,AmericanInstituteofBiological
Sciences
1990-present EcologicalSocietyofAmerica
1990-present AmericanFisheriesSociety
1990-1996, NorthAmericanBenthologicalSociety
1999-present
2001-present Illinois ChapteroftheAmericanFisheriesSociety
1999-present Full Member,SigmaXi

InvitedPresentations

2003 UpperMississippiConservationCommittee,Prairiedu Chien,Wisconsin,
August2003

2002 EcologyConsortium,SouthernIllinois University, Carbondale,November
2002

2000 SamParrBiologicalStation, Illinois NaturalHistory Survey,June2000
2000 NortheastDivision Meetingof theAmericanFisheriesSociety,April 2000
2000 DepartmentofZoology,UniversityofWisconsin- Madison,February

2000
1999 DepartmentofBiology, William JewellCollege,Missouri,September

1999
1998 DepartmentofBiology, Queen=sUniversity,Kingston,Ontario,January

1998
1997 AppleValleyFishingClub, AppleValley, Ohio, October1997
1996 DepartmentofBiologicalSciences,UniversityofPittsburgh,December

1996.

TechnicalReports

Carvey,J.E., andM.R Whiles. 2003. An assessmentofnationalandIllinois dissolved
oxygenwaterquality criteria. Illinois AssociationofWastewaterAgencies. 52
pages

Garvey,J.E.,B.D. Dugger,M.R. Whiles,S.R.Adams,M.B. Flinn, B.M. Burr, andR.J.
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JamesE. Garvey 4

Sheehan.2003. Responsesof fish, waterbirds,invertebrates,vegetation,and
waterquality to environmentalpoolmanagement:MississippiRiver Pool 25.
U.S. Army CorpsofEngineers. 181 pages.

Garvey, J.E. 2002. Winter habitatusedby fishesin SmithiandPool, OhioRiver. U.S.
FishandWildlife ServiceandU.S.Army CorpsofEngineers,90 pages.

Garvey,J.E., andR.J.Sheehan.2001.Winterhabitatassociationsofriverine fishes:
predictionsfor theOhio River,U.S.Fish andWildlife ServiceandU.S.Army
CorpsofEngineers,39 pages.

Garvey,J.E., R.A. Wright, R.A. Stein,E.M. Lewis, K.H. Ferry,andS.M. Micucci. 1998.
Assessingtheinfluenceofsizeon overwintersurvivalof largemouthbassin Ohio
on-streamimpoundments.OhioDivision ofWildlife Final Report. FederalAid
in SportFishRestorationProgram29, 288 pages.

Stein,R.A.,andJ.E. Garvey. 1996. A reviewofatechnicalreportpreparedfor the
CuyahogaRiver (Ohio)CommunityPlanningOrganizationby EnvironScience
Inc.

ThesesandDissertations

Garvey,J.E. 1997. Stronginteractorsandcommunitystructure: testingpredictionsfor
reservoirfoodwebs,Ph.D.dissertation,235 pages.

Garvey,J.E. 1992. Selectivepredationasamechanismofcrayfishspeciesreplacement
in northernWisconsinlakes. M.S. thesis,TheOhio StateUniversity,88 pages.

Book Chapters

S.R.Chipps,andJ.E.Garvey. In press.Assessmentoffoodhabitsandfeedingpatterns.
In M.L. BrawnandC.S.Guy, editors. AnalysisandInterpretationofFreshwater
FisheriesData. 41 MS pages,2 tables,4 figures, 13 boxes. 1 April 2001.

Book Reviews

Garvey,J.E. 2003. Searchingfor scalesin fisheries. Reviewof “Hierarchical
PerspectivesonMarineComplexities: Searchingfor Systemsin the Gulfof
Maine” by SpencerApOllonio. ColumbiaUniversityPress,NewYork. 2002.
229 pp. Appearedin BioScience53(10):1004-1006.(Invited)

Peer-ReviewedPublications(SelectedAbstractsat
h.ttp://www.science.siu . edu/zoology/garvey/pubs.html) -

Garvey,J~E.,K.G. Ostrand,andD.H. Wahl. In press. Interactionsamongallometric
scaling,predationandrationaffect size-dependentgrowthandmortalityoffish
duringwinter.Ecology. Aug. 2003.

Ostrand,K.G., S.J.Cooke,J.E.Garvey,andD.H. Wahi. In press.Theenergeticimpact
of overwinterpreyassemblageson age-0largemouthbass.Environmental
BiologyofFishes.

Colombo,R.E., P.S.Wills, andJ.E. Garvey. 2004. Useofultrasoundimagingto
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JamesE. Garvey 5

determinesexofshovelnosesturgeonScaphirhynchusplatorynchusfrom the
Middle MississippiRiver. NorthAmericanJournalofFisheriesManagement
24:322-326.

Roberts,M.R., JE. Wetzel,III, R.C. Brooks,andJ.E. Garvey. 2004. Daily
incrementationin theotoliths oftheredspottedsunfish,Lepomisminiatus. North
AmericanJournalofFisheriesManagement24:270-274.

Garvey,J.E., andE.A. Marschall. 2003. Understandinglatitudinal trendsin fish body
sizethroughmodelsofoptimalseasonalenergyallocation. CanadianJournalof
FisheriesandAquaticSciences60(8):938-948. -

Micucci, S.M., J.E.Garvey,R.A. Wright, andR.A. Stein. 2003. Individualgrowthand
foragingresponsesofage-0largemouthbassto mixedpreyassemblagesduring
winter. EnviromnentalBiology ofFishes67(2):157-168.

Garvey,J.E., J.E.Rettig,R.A. Stein,D.M. Lodge,andS.P.Klosiewski. 2003. Scale-
dependentassociationsamongfish predation,littoral habitat,anddistributionsof
nativeand exoticcrayfishes.Ecology84(12):3339-3348.

Whiles,M.J., andJ.E.Garvey. In press.AquaticresourcesoftheShawneeandHoosier
NationalForests,USDAForestService.

Garvey,J.E.,R.A. Stein,R.A. Wright,andM.T Bremigan. 2003.Largemouthbass
rectuitmentin NorthAmerica:quantifyingunderlyingecologicalmechanisms
alongenvironmentalgradientsBlack bass:ecology,conservationand
management.Editedby D. Philipp andM. Ridgway. AmericanFisheriesSociety
Symposium3 1:7-23.

Garvey,J.E., D.R.DeVries,R.A. Wright, andJ.G.Miner. 2003. Energeticadaptations
alongabroadlatitudinal gradient:implications for widelydistributed
communities. BioScience53(2):141-150.

Garvey,J.E.,T.P. Herra,andW.C. Leggett. 2002. Protractedreproductionin sunfish:
thetemporaldimensionin fish recruitmentrevisited. EcologicalApplications
12:194-205.

Garvey,J.E.,R.A. Wright, K.H. Ferry, andR.A. Stein. 2000. Evaluatinghow local-
andregional-scaleprocessesinteractto regulategrowthof age-0largemouth
bass.TransactionsoftheAmericanFisheriesSociety129:1044-1059.

Fullerton, A.H., J.E. Garvey,R.A. Wright, andR.A. Stein. 2000.Overwintergrowth
andsurvivalof largemouthbass:interactionsamongsize,food,origin,andwinter

duration. Transactionsof theAmericanFisheriesSociety129:1-12.
Wright, R.A., J.E.Garvey,A.H. Fullerton,andR.A. Stein. 1999. Usingbioenergetics

to explorehow winterconditionsaffect growthandconsumptionof age-0
largemouthbass.TransactionsoftheAmericanFisheriesSociety128:603-612.

Garvey,J.E., andR.A. Stein. 1998. Competitionbetweenlarval fishesin reservoirs:
• therole ofrelativetiming ofappearance.TransactionsoftheAmericanFisheries

Society127:1023-1041. -

Garvey,J.E.,R.A. Wright, andR.A. Stein. 1998. Overwintergrowthandsurvivalof
age-0largemouthbass: revisitingtheroleofbody size. CanadianJournalof
FisheriesandAquaticSciences55:2414-2424.

Garvey,J.E.,N.A. Dingledine,N.S.Donovan,andR.A. Stein. 1998. Exploring spatial
andtemporalvariationwithin reservoirfoodwebs:predictionsfor fish
assemblages.EcologicalApplications8:104-120.
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Garvey,J.E., andR.A. Stein. 1998. Linking bluegill andgizzardshadassemblagesto
growthofage-0largemouthbassin reservoirs.Transactionsof theAmerican
FisheriesSociety127:70-83.

Lodge,D.M., R.A. Stein,K.M. Brown,A.P. Covich,C. Brönmark,J.E.Garvey,andS.P.
Klosiewski. 1998. Predictingimpactoffreshwaterexoticspecieson native
biodiversity: challengesin spatialandtemporalscaling. AustralianJournalof
Ecology23:53-67.

Garvey,J.E., E.A.Marschall,and R.A. Wright. 1998. From starchartsto stoneflies:
detectingrelationshipsin continuousbivariatedata.Ecology79(2):442447.

Schaus,M.H., M.J. Vanni, T.E. Wissing,M. Bremigan,J.E.Garvey,andR.A. Stein.
1997. Nitrogenandphosphorusexcretionby the detritivorousgizzardshad
(Dorosomacepedianum)in areservoirecosystem.LimnologyandOceanography
42(6):1386-1397.

Garvey,J.E.,R.A. Stein,andH.M. Thomas. 1994. Assessinghow fish predationand
interspecificpreycompetitioninfluenceacrayfishassemblage.Ecology75:532-
547. -

Garvey,J.E., andR.A. Stein. 1993. Evaluatinghow chelasizeinfluencestheinvasion
potentialofan introducedcrayfish,Orconectesrusticus. AmericanMidland
Naturalist129:172-181.

Garvey,J.E., H.A. Owen,andR.W. Winner. 1991. Toxicity of copperto thegreenalga,
Chlamydomonasreinhardtii (Chlorophycea),asaffectedby humic substancesof
terrestrialandfreshwaterorigin. AquaticToxicology19:89-96.

Oral PresentationsandPosters(LastFive Years)

Williamson,C.J.,andJ.E.Garvey. Growthandmortality ofsilver carp:implicationsfor
its riseto dominancein theMiddle MississippiRiver. Illinois Chapterofthe
AmericanFisheriesSociety,Champaign,IL, March2004.(Oral presentationby
Williamson)

Koch,B.T., J.E.Garvey,andM. Lydy. Theeffectsof landuseon organochlorine
accumulationin middleMississippiRiver shovelnosesturgeon: intersexuality
andreproductiveconsequences.Illinois ChapteroftheAmericanFisheries
Society,-Champaign,IL, March2004. (Oralpresentationby Koch)

Csoboth,L.A., D.W. Schultz,K. DeGrandChamp,J.E.Garvey,andR.M. Neumann.
Fish responseatabackwater-riverinterchange:theSwanLakerehabilitationand
enhancementproject. Illinois ChapteroftheAmericanFisheriesSociety,
Champaign,IL, March 2004.(Posterpresentation)

Colombo,R.E.,J.E.Garvey,andR.C. Heidinger. Comparingdemographicsofchannel
catfishin fishedandun-fishedreachesof theWabashRiver. 64~Meetingof the
Midwest Fishand Wildlife Conference.KansasCity, December2003. (Oral
presentationby Colombo)

Spier, T., J.E. Garvey,R.C.Heidinger,R.J.Sheehan,P. Wills, K. Hurley, R.E.
Colombo,R.C. Brooks. Pallid andshovelnosesturgeonmovementandhabitat
usagein themiddleMississippiRiver.

64
th MeetingoftheMidwestFishand

Wildlife Conference.KansasCity, December2003 (Oralpresentationby Spier)
Marschall,E.A., and J.E.Garvey. Understandinglatitudinaltrendsin fish body size
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• JamesE. Garvey 7

throughmodelsofoptimalseasonalenergyallocation.
88

th Meetingofthe
EcologicalSocietyofAmerica,Savannah,Georgia,July 2003 (Oralpresentation
by Marschall)

Braeutigam,B.J., andJ.E. Garvey. Winterhabitatusedby fish in SmithlandPool, Ohio
River. Ohio RiverResearchReview,Indiana,August2003. (Oralpresentation
by Braeutigam)

Garvey,J.E. Importanceof flood-plainconnectivityto fish assemblagesin the
MississippiRiver. MiddleMississippiRiver WorkgroupMeeting,Carbondale,
IL, June2003. (Oral presentationby Garvey)

O’Neill, B.J.,J.E.Garvey,M.R. Whiles,andK.R. Lips. Scale-dependent
interrelationshipsamong,fish, landscapecharacteristics,andambystomatid
salarnandersin forestponds. AnnualMeetingoftheAmericanSocietyof
IchthyologistsandHerpetologists,Manaus,Brazil, June2003(Oral presentation
by O’Neill) -

Spier,T., J. Garvey,R. Heidinger,R. Sheehan,P.Wills, andK. Hurley. Demographics
andhabitatusageofpallid sturgeonin theMiddleMississippiRiver. Meetingof
theIllinois ChapterofAmericanFisheriesSociety,RendLake,IL, February2003
(Oralpresentationby Spier)

Jackson,N.D., J.E.Garvey,R.C. Heidinger,andR.J.Sheehan.Ageandmortality of
shovelnosesturgeon,Scaphirhynchusplatoiynchus,in theMiddleMississippi
RiverandLower WabashRivers,Illinois. MeetingoftheIllinois Chapterof
AmericanFisheriesSociety,RendLake,IL, February2003(Oral presentationby
Jackson)

Flinn, M.B., S. R. Adams,M.R. Whiles,J.E.Garvey, B.M. Burr, andR.J. Sheehan.Fish
andmacroinvertebrateresponsesto environmentalpool managementin
MississippiRiverPool 25. MeetingoftheIllinois ChapterofAmericanFisheries
Society,RendLake,IL, February2003 (Oral presentationby Flinn)

Colombo,R.E.,J.E.Garvey,R.C. HeidingerandR.J.Sheehan.Population
demographicsofchannelcatfishIctaluruspunctatusin theWabashRiver.
MeetingoftheIllinois ChapterofAmericanFisheriesSociety,RendLake,IL,

• February2003(Oral presentationby Colombo)
Garvey, J.E. Earlygrowthofcentrarchidsalongaproductivitygradient:settingthe

stagefor future interactions.AmericanFisheriesSocietyMeeting,Baltimore,
MD, August2002(Oral presentation) -

Ostrand,K.G., S.J.Cooke,J.E.Garvey,D.H. WahI. Age-Qlargemouthbass:the
• overwintereffectsofpreytypeon growthandspringswimmingperformance.

AmericanFisheriesSocietyMeeting,Baltimore,MD, August2002(Oral
presentationby Ostrand)

Garvey,J.E., S.M. Micucci, R.A. Wright, andR.A. Stein. Preyassemblagestructure
duringwinterinfluencestheconditionofage-0largemouthbass.MidwestFish
andWildlife Meeting,DesMoines,IA, December2001 (Oralpresentation)

Garvey,J.E. Usingoptimalallocationmodelsto explainlatitudinal trendsin recruitment
of largemouthbass. Illinois RenewableNaturalResourcesConference,Peoria,
IL, February2001 (Oralpresentation;receivedBest Oral Presentation)

Bremigan,M.T., R.A. Stein,andJ.E.Garvey. Variablegizzardshadrecruitmentandits
effectsalongareservoirproductivitygradient. AmericanSocietyofLimnology
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andOceanographyMeeting- Copenhagen,Denmark,June2000(Poster
presentation).

Evans-White,M., W.K. Dodds,andJ.E. Garvey. Crayfishbiomass,growth,and
productionin ataligrassprairiestream.NorthAmericanBenthologicalSociety
Meeting,Colorado,May 2000(Oralpresentationby Dodds).

Garvey, J.E. Patternsof sportfishrecruitmentin naturallakesandreservoirs:do
generalitiesexist? KansasChapteroftheAmericanFisheriesSocietyMeeting,
February2000(Oral presentation;receivedBestOral Presentation).

Garvey, J.E. From fish in lakesto crayfishin prairiestreams:searchingfor general
recruitmentmechanismsandecosystemconsequences.KSU EcologyResearch
SeminarSeries,November1999(Oralpresentation).

Garvey,J.E., T.P. Herra,andW.C. Leggett. Mechanismsunderlyingthespatial
distributionoflarvalsunfish(Lepomisspp.)in LakeOpinicon,Ontario.
AmericanFisheriesSocietyMeeting- Charlotte,NorthCarolina,August1999
(Oralpresentation).

Garvey, J.E. Interactionsbetweenecosystemsand life histories:predictingfish
communitystructurein lakes. KansasEPSCoRConference,Topeka,KS, April
•1999 (Posterpresentation).
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MATT ROWLAND W11ILES

Departmentof Zoology
SouthernIllinois University

Carbondale,Illinois 62901-6501
Phone:(618)453-7639

PERSONALINFORMATION

BornDecember4, 1964;KansasCity, Missouri.

Married 1998, 1 daughterand 1 son

EDUCATION

9/91-6/95 UniversityofGeorgia,Athens,Georgia;Ph.D. Ecology.
Dissertation:Disturbance,recovery,andinvertebratecommunities
in southernAppalachianheadwaterstreams.

9/88-9/91 UniversityofGeorgia,Athens,Georgia;M.S.Entomology.
Thesis:First-yearrecoveryofasouthernAppalachianheadwaterstream
following an insecticideinduceddisturbance.

• 8/84-8/88 KansasStateUniversity,Manhattan,Kansas;B.S.Biology.

AREAS OF SPECIALIZATION

• Ecosystemecologywith emphasison freshwaterecosystemstructureandfunction(mainly
• streamsandwetlands),therole ofinvertebratesin ecosystems,ecosystem-levelconsequences

ofextinctions,energeticlinkagesbetweenaquaticandterrestrialsystems,therole of
• disturbance,andbiological assessmentof-freshwaterhabitats. -

PROFESSIONALEXPERIENCE

2003- AssociateProfessorof Zoology, SouthernIllinois University
TeachingFreshwaterInvertebrates,StreamEcology,andGeneralEcology.
Advisinggraduateresearchin freshwaterecosystemecology.

2000- AssistantProfessorof Zoology,SouthernIllinois University
TeachingFreshwaterInvertebrates,StreamEcology,andGeneralEcology.
Advisinggraduateresearchin freshwaterecosystemecology.

2000- AdjunctAssistantProfessorof Entomology,KansasStateUniversity
Servingasa graduatecommitteememberfor studentspursuingstudiesin the
areaof aquaticinvertebrateecology
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PROFESSIONALEXPERIENCE(continued)

1997-00 AssistantProfessorof Entomology(non-tenuretrack),KansasStateUniversity
TaughtInsectEcology,InsectsandPeople,EconomicEntomology,
andan interdisciplinaryEnvironmentalConcernscourse. Advisedgraduate
researchin invertebrateecology.

1995-97 AssistantProfessorof Biology, WayneStateCollege
TaughtIntroductoryZoology,InvertebrateZoology,Entomology,Vertebrate
Zoology,Ecology,andGeneralBiology (majorsandnon-majors).Advised
undergraduateresearchin freshwaterinvertebrateecology.

1996- Adjunct GraduateFaculty,UniversityofMemphis
Graduatecommitteememberfor studentsworkingin aquaticecology.

1989-95 Graduate TeachingAssistant,UniversityofGeorgia
InstructednumerouslaboratorycoursesincludingGeneralBiology, Entomology,
Animal Behavior,AquaticEntomology,GeneralEcology,andInsectEcology.

1994 Laboratory Coordinator, UniversityofGeorgia
Instructed,scheduled,and supervisedgraduateteachingassistantsfor the
GeneralBiologyprogram.

1988-94 ResearchAssistaiit,Universityof Georgia
Investigatedtherole ofaquaticinvertebratesin streamecosystemfunction.
Participatedin all aspectsof a long-termstudy includingsamplingand
processingof invertebratecommunities,organicmatter,andwaterchemistry.

1987-88 ResearchAssistant,KansasStateUniversity
Investigatedeffectsof nutrientenrichmenton algal growthandinvertebrate
grazerdensitiesin streamson LTER sitesacrossthecountry.

1987-87 Undergraduate ResearchAssistant, KansasStateUniversity
Investigatedsmallmammalbehavioron islandsin theSeaofCortezwith and
without reptilianpredators.

1985-87 UndergraduateResearchAssistant,KansasStateUniversity
Examinedmacroinvertebratecommunitydynamicsin streamswith contrasting
hydrologicregimeson theKonzaPrairieResearchNaturalArea.

HONORSAND AWARDS

1997 ProfessoroftheYear, Math andSciencesDivision, WayneStateCollege.
1996 ProfessoroftheYear, Math andSciencesDivision,WayneStateCollege.
1995 OutstandingTeachingAssistant,UniversityofGeorgia.
1994-1995 University-WideAssistantshipAward,UniversityofGeorgia.
1994-1995 Merit AssistantshipAward; OutstandingTeachingandResearch,Univ. ofGA.
1993-1994 Merit AssistantshipAward; OutstandingTeachingandResearch,Univ. of GA
1988 Nomineefor OutstandingSeniorBiology Student,KansasStateUniversity.
1987 HydrolabAward;bestposter,NorthAmericanBenthologicalSocietymeetings
1984 DesignatedKansasStateScholar.
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PROFESSIONALPUBLICATIONS

Dodds,W. K., andM. R. Whiles. In press. Factorsrelatedto quality andquantityofsuspended
particlesin rivers:generalcontinent-scalepatternsin theUnitedStates.Environmental
Management:

Whiles,M. R., J. B. Jensen,J. G. Pails,andW. G. Dyer. Inpress. Dietsof larval flatwoods
salamanders,Ambystomacingulatum,from FloridaandSouthCarolina. Journalof
Herpetology.

Whiles,M. R., andJ. E. Garvey. Inpress. Freshwaterresourceswithin theShawnee-Hoosier
EcologicalAssessmentRegion. SpecialPublicationoftheUSDA ForestService:

Dodds,W. K., K. Gido, M. R. Whiles,K. M. Fritz, andW. J.Matthews.2004. Life on the
Edge: EcologyofPrairieStreams.Bioscience54: 205-216

Ranvestel,A. W., K. R. Lips, C. M. Pringle,M. R. Whiles,andR. J.Bixby. 2004. Neotropicai
tadpolesinfluencestreambenthos:evidencefor ecologicalconsequencesofamphibian
declines.FreshwaterBiology49: 274-285.

Webber,J.A., K. W. J.Williard, M. R. Whiles,M. L. Stone,J. J.Zaczek,andK. D. Davie.
2004. Watershedscaleassessmentof theimpactofforestedriparlanzoneson stream

waterquality. Pages114-120In: VanSambeek,J.W.; J.O.Dawson;F. Ponder,Jr.; E.F.
Loewenstein;andJ.S.Fralish,eds.Proceedings,13th CentralHardwoodForest
Conference;Urbana,IL. Gen.Tech.Rep.NC-234. St. Paul,MN: USDAForestService,
NorthCentralResearchStation. -

Evans-White,M. A., W. K. Dodds,andM. R. Whiles. 2003. Ecosystemsignificanceof
crayfishesandcentralstonerollersin atallgrassprairie stream:functionaldifferences
betweenco-occurringomnivores.JournaloftheNorthAmericanBenthologicalSociety:
22: 423-441.

Callaham,M. A., Jr.,J.M. Blair, T. C. Todd, D. J.Kitchen,andM. R. Whiles. 2003.
Macroinvertebratesin NorthAmericantallgrassprairiesoils: Effectsoffire, mowing,and
fertilizationondensityandbiornass.SoilBiologyandBiochemistry35:1079-1093.

Whiles,M. R., andW. K. Dodds. 2002. Relationshipsbetweenstreamsize,suspended
• particles,andfilter-feedingmacroinvertebratesin a GreatPlainsdrainagenetwork.

JournalofEnvironnwntalQuality 31: 1589-1600.
Jonas,J.,M. R. Whiles,andR. E. Chariton. 2002. Abovegroundinvertebrateresponsesto land

managementdifferencesin acentralKansasgrassland.EnvironmentalEntomology31:
• 1142-1152.

Stagliano,D. M., andM. R. Whiles. 2002. Macroinvertebrateproductionand trophicstructure
in atallgrassprairieheadwaterstream.JournaloftheNorthAmericanBenthological -

Society2l: 97-113. -

• Callaham,M. A., M. R. Whiles, and J. M. Blair. 2002. Annual fire, mowing,andfertilization
effectson two annualcicadas(Homoptera:Cicadidae)in tallgrassprairie. American
MidlandNaturalist148: 90-101.

Meyer, C. K., M. R. Whiles, and R. E. Chariton. 2002. Life history, secondaryproduction,and
ecosystemsignificanceofacrididgrasshoppersin annuallyburnedandunburnedtallgrass
prairie. AmericanEntomologist48: 52-61.
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PROFESSIONALPUBLICATIONS (continued)

Whiles,M. R., and B. S. Goldowitz. 2001. Hydrologicinfluenceson insectemergence
productionfrom centralPlatteRiver wetlands.EcologicalApplications11: 1829-1842.

Whiles,M. R. M. A. Callaham,C. K. Meyer, B. L. Brock, andR. E. Chariton. 2001.
Emergenceofperiodicalcicadasfrom aKansasriparianforest:densities,biomass,and
nitrogenflux. AmericanMidlandNaturalist145: 176-187.

Schrank,S. J.,C. S. Guy, M. R. Whiles, andB. L. Brock. 2001. Assessmentof
PhysicochemicalandwatershedfeaturesinfluencingTopekashinerNotropis topeka
distributionin Kansasstreams.Copeia2001:413-421.

Dodds,W. K., M. A. Evans-White,N. M. Gerlanc,L. J.Gray,D. A.Gudder,M. J.Kemp,A. L.
Lopez,D. Stagliano,E. A. Strauss,J. L. Tank,M. R. Whiles,W. M. Woliheim. 2001.
Quantificationofthenitrogencyclein aprairiestream.Ecosystems:3: 574-589.

Whiles,M. R., B. L. Brock, A. C. Franzen,andS. DinsmoreII. 2000. Streaminvertebrate
communities,waterquality, andlandusepatternsin anagriculturaldrainagebasinof
northenNebraska.EnvironmentalManagement:26: 563-576.

Jeflsen,J.B., andM. R. Whiles. 2000. Dietsof sympatricPlethodonpetraeusandPlethodon
giutinosus. JournaloftheElishaMitchellScient~JIcSociety116: 245-250.

Callaharn,M. A., Jr.,M. R. Whiles,C. K. Meyer,B. L. Brock, andR. E. Chariton. 2000.
Feedingecologyandemergenceproductionofannualcicadas(Homoptera:Cicadidae)in
taligrassprairie. Oecologia123: 535-542.

Alexander,K. A., andM. R. Whiles, 2000. A newspeciesofIronoquia Banks (Trichoptera:
Limnephilidae)from thecentralPlatteRiver,Nebraska.EntomologicalNews:ill: 1-7.

Whiles,M. R., B. S. Goldowitz, andR. Chariton. 1999. Life historyandproductionofasemi-
terrestriallimnephilid caddisflyin aPlatteRiverwetland. JournaloftheNorthAmerican

• BenthologicalSociety18: 533-544.
Goldowitz,B. S.,andM. R. Whiles. 1999. Investigationsoffish, amphibians,andaquatic

invertebrateswithin themiddlePlatteRiversystem. Publishedfinal Report,Platte
WatershedProgram,CooperativeAgreementX99708101, USEPA.

Whiles,M. R., andB. S. Goldowitz. 1998. Biological responsesto hydrologicfluctuationin
wetlandsloughsofthecentralPlatteRiver. In Lingle, G. (ed.)ProceedingsoftheNinth

Platte RiverBasinEcosystemSymposium.USFWSandUSEPARegionVII;
Whiles,M. R., andJ.B. Wallace. 1997. Litter decompositionandmacroinvertebrate

communitiesin headwaterstreamsdrainingpineandhardwoodcatchments.
Hydrobiologia353: 107-119.

Wallace,J.B., T. F. Cuffney,S. L. Eggert,andM. R. Whiles. 1997. Streamorganicmatter
inputs,storage,andexportfor SatelliteBranchatCoweetaHydrologicLaboratory,North
Carolina,USA. JournaloftheNorthAmericanBenthologicalSociety16: 67-74.

Whiles,M. R. andJ.B. Wallace. 1996.Macroinvertebrateproductionin aheadwaterstream
during recoveryfrom anthropogenicdisturbanceandhydrologicextremes.Canadian
JournalofFisheriesandAquaticSciences52: 2402-2422.

Wallace,J.B., J. W. Grubaugh,andM. R. Whiles. 1996. Theinfluenceofcoarsewoodydebris
onstreamhabitatsand invertebratebiodiversity.In McMinn, J.W. andD. A. Crossley,Jr.
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(eds.). Biodiversityandcoarsewoodydebrisin southernforests.Gen.Tech.Rept.SE-94.
USDAForestService,SoutheasternForestExperimentStation.

PROFESSIONALPUBLICATIONS (continued) -

Wallace,J.B., J.W. Grubaugh,andM. R. Whiles. 1996.Biotic indicesandstreamecosystem
processes:resultsfrom an experimentalstudy. EcologicalApplications6: 140-151

Whiles,M. R. andJ. W. Grubaugh.1996. Coarsewoodydebrisandamphibianandreptile
biodiversityin southernforests.In McMinn, J. W. andD. A. Crossley,Jr. (eds.).
Biodiversity andcoarsewoodydebrisin southernforests.Gen.Tech.Rept.SE-94.
USDA ForestService,SoutheasternForestExperimentStation.

Wallace,J. B., M. R. Whiles, S. Eggert,T. F. Cuffhey,G. J.Lugthart,andK. Chung. 1995.
Long-termdynamicsof coarseparticulateorganicmatterin threeAppalachianMountain
streams.JournaloftheNorth AmericanBenthologicalSociety14: 2 17-232.

Whiles,M. R., K. Chung,andJ. B. Wallace.1993. InfluenceofLepidostoma(Trichoptera:
Lepidostomatidae)on leaflitter processingin disturbedstreams.AmericanMidland
Naturalist 130: 356-363.

Wallace~J.B., M. R. Whiles,J. R. Webster,T. F. Cuffiiey, G. J.Lugthart, andK. Chung. 1993.
Dynamicsofparticulateinorganicmatterinheadwaterstreams:linkageswith
invertebrates.JournaloftheNorth AmericanBenthologicalSociety12: 112-125.

Whiles,M. R. andJ. B. Wallace.1992. First-yearbenthicrecoveryofa southernAppalachian
streamfollowing threeyearsofinsecticidetreatment.FreshwaterBiology28: 81-91.

Hooker,K. L. andM. R. Whiles. 1988. A techniquefor collectionandstudyof subterranean
invertebrates. Southwestern-Naturalist33: 375-376.

ORAL PRESENTATIONS

Meyer,C. K., M. R. Whiles,S. G. Baer,andB. S. Goldowitz. 2004.Macroinvertebrate
communitiesandecosytemfunctionin backwatersloughsofthecentralPlatteRiver:
influenceofhydrologicgradientsandrestorationactivities. Invitedsymposia:
Entomologyin PrairieEcosystems.Annualmeetingsof theNorthCentralBranchofthe
EntomologicalSocietyofAmerica,KansasCity, MO.

•Regester,K.J., K. R. Lips,andM. R. Whiles. 2004. Thesignificanceofpond-breeding
salamandersto energyflow andsubsidiesin an Illinois forestecosystem.Midwest
EcologyandEvolutionConference,UniversityofNotreDame,March5-7.

Waither,D. A., M. 11. Whiles,D. W. Butler, andM. B. Flinn. 2004. Communitylevel
estimationofnon-predatorychironomidproductionin asouthernIllinois stream.Annual
meetingsof theNorthCentralBranchoftheEntomologicalSocietyofAmerica,Kansas
City, MO.

Meyer,C. K., M. R. Whiles,andS. G.Baer. 2003. Abovegroundproductionandbelowground
biomassin naturalandrestoredPlatteRiversloughwetlands.Annualmeetingsofthe
Societyfor EcologicalRestoration,Austin,TX.

Whiles, M. R. 2003. Freshwatermacroinvertebratecommunitiesanddisturbance:tools for
basicandappliedinvestigationsin freshwaterecosystems.Invitedseminarspeaker,
PurdueUniversityDepartmentofForestry,Fisheries,andWildlife.
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Callaham, M.A., Jr.,M.R. Whiles,P.F.Hendrix,andJ.M. Blair. 2003. Usingnatural -

abundance stableisotopesto examinethefeedingecologyofcicadasin tallgrassprairie.
Invitedsymposiumpresentation,EntomologicalSocietyofAmericaAnnualMeetings,
Cincinnati OH.

Whiles,M. R. 2003. Biological responsesto hydrologicvariability andrestorationactivities in
central PlatteRiverbackwaterwetlands.Invitedseminarspeaker,EasternIllinois

UniversityDept.ofBiology. -

Callaham,M.A., Jr.,P.F.Hendrix,J.M. Blair, andM.R. Whiles. 2003. Naturalabundanceand
tracerapplicationsofstableisotopesfor examinationof soil invertebratefeedingecology.
Invitedsymposiumpresentationat Soil ScienceSocietyofAmericaAnnualMeetings,
Denver,CO.

Whiles,M. R. 2003. Biological responsesto hydrologicvariability in PlatteRiver backwater
wetlands. Invitedseminarspeaker,UniversityofIllinois Dept.ofNaturalResourcesand

Environmental Sciences. -

Fun, M. B., M. R. Whiles, and S. R. Adams. 2003. Responseofaquaticmacroinvertebratesto
environmentalpoolmanagementandvegetationin MississippiRiverbackwaterwetlands.
AnnualMeetingsoftheNorthAmericanBenthologicalSociety,Athens,GA.

Stone,M. L., M. R. Whiles, J.A. Webber,andK. J.Williard. 2003. Influenceofriparian
vegetationonwaterquality, in-streamhabitat,andmacroinvertebratesin southernIllinois

agricultural streams.AnnualMeetingsoftheNorthAmericanBenthologicalSociety,
• Athens,GA.

Oneill, B. J.,J. B. Garvey,M. R. Whiles,andK. A. Lips. 2003. Scale-dependent
intelTelationshipsamongfish, landscapecharacteristics,andambystornatidsalamanders
in forestponds. Jointmeetingofichthyologistsandherpetologists,Manaus,Brazil.

Flinn, M. B., S. R. Adams,M. R. Whiles,J. E. Garvey,B. M. Burr, andR. J. Sheehan.2003.
Fishandmacroinvertebrateresponsesto environmentalpool managementin Mississippi
Riverpool 25. Illinois ChapteroftheAmericanFisheriesSociety,RendLake,IL.

Adams, S. R. M. B. Flinn, B. M. Burr,R. J. Sheehan,andM. R. Whiles. 2002. Larval ecology
ofbluesucker(Cycleptuselongatus)in theMississippiRiver. AmericanSocietyof

• IchthyologistsandHerpetologistsmeetings,KansasCity, MO.
Whiles, M. R. 2002. Ecologyandecosystemsignificanceofcicadasin ataligrassprairie

landscape.Invitedseminarspeaker,Dept.ofBiology,UniversityofMemphis.
Whiles,M. R., andB. S. Goldowitz. 2002. Influenceofhydrologyandfish on

- macroinvertebratecommunitiesin backwatersloughsofthecentralPlatteRiver,
Nebraska. AnnualMeetingsoftheNorthAmericanBenthologicalSociety,Pittsburgh.

Whiles, M. R., M. L. Stone,J.Webber,andK. Williard. 2001. Theinfluenceofforested
riparianbuffersonwaterqualityandstreaminvertebratesin SugarCreekdrainage,

• Illinois. Governor’sConferenceon ManagementoftheIllinois river system,Peoria,Ii.
Webber,J.A., K. W. Williard, M. R. Whiles,andM. L. Stone. 2001. Watershed-scale

assessmentof theimpactofforestedriparianbufferstrips onstreamwaterqualityand
biotic integrity. EcologicalSocietyofAmerica21(1 InternationalNitrogenConference,
Potomac,MD.

Evans-White,M. A., W. K. Dodds,andM. R. Whiles. 2001. Trophicbasisofproductionof
crayfishandcentralstonerollersin aprairie stream.AnnualMeetingsoftheNorth
AmericanBenthologicalSociety,Lacrosse,WI. -
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Whiles, M. R., andW. K. Dodds. 2001. Relationshipsbetweenstreamsize,suspended
particles,andfilter-feedingmacroinvertebratesin aGreatPlainsriver system. Annual
MeetingsoftheNorthAmericanBenthologicalSociety,Lacrosse,WI.

Whiles, M. R. and M. L. Stone. 2001. Relationshipsbetweenriparianzonevegetation,water
quality, and stream invertebrate communities. Midwestern RenewableNatural Resources
Conference,Peoria,Illinois.

Jensen,J. B., C. Camp,J. L. Marshall,andM. R. Whiles. 2001. Recentadvancesin the
knowledgeofdistributionandnaturalhistoryofthePigeonMountainsalamander
(Plethodonpetraeus).JointannualmeetingoftheHerpetologistsLeagueandtheSociety
for theStudyofAmphibiansandReptiles,Indianapolis,Indiana.

Stagliano,D. M. andM. R. Whiles.2000. Aquaticinvertebratetrophicstructureand secondary
productionin atallgrassprairie stream.AnnualMeetingsof theNorthAmerican
BenthologicalSociety,Keystone,Colorado.

Meyer,C. K., Whiles,M. R., andR. B. Chariton. 2000. Secondaryproductionand energeticsof
grass-feedingacrididsin taligrassprairie. AnnualmeetingsoftheSouthwesternBranch
oftheEntomologicalSocietyofAmerica,Dallas,TX.

Jonas,J. L., M. R. Whiles,andR. B. Charlton. 2000. Landusepatternsandinsectdiversityin a
centralKansasgrassland.AnnualmeetingsoftheSouthwesternBranchof the
EntomologicalSocietyofAmerica,Dallas,TX.

Dodds,W~K., M. Evans-White,N. M. Gerlanc,L. Gray,D. Gudder,M. J.Kemp,A. Lopez,D.
M. Stagliano,B. A. Strauss,J. L. Tank,M. R. Whiles,andW. M. Wollheim. 2000.
Quantificationofthenitrogencycle in aprairie stream:KonzaLINX. AnnualMeetings
oftheNorthAmericanBenthologicalSociety,Keystone,Colorado.

Whiles,M. R., andB. 5. Goldowitz. 1999. Influenceofhydrologyonaquaticinsectemergence
productionfrom backwatersloughsofthecentralPlatteRiver,Nebraska.Annual
meetingsoftheNorthAmericanBenthologicalSociety,Duluth, MN.

Meyer,C. K., M. R. Whiles,andR. E. Charlton. 1999. Secondaryproductionandenergeticsof
a dominantgrass-feedinggrasshopperin tallgrassprairie. Annualmeetingsofthe
EntomologicalSocietyofAmerica,Atlanta.

Stagliano,D., M. R. Whiles,andR. B. Charlton. 1999. Aquaticinsectproductionand
functionalstructurein atallgrassprairieheadwaterstream.Annualmeetingsofthe
EntomologicalSocietyofAmerica,Atlanta. -

Whiles,M. R. 1999. NaturalHistory andemergenceproductionpatternsofcicadas
(Homoptera:Cicadidae)On theKonzaPrairieResearchNaturalArea, Kansas.Invited
seminarspeaker,UniversityofKansas,November4, 1999.

Jeffrey,J.D., andM. R. Whiles. 1999. EffectsofthePGA-classColbertHills golf course
constructiononprairie amphibians.

26
th meetingsoftheKS Herp.Society,Pratt.

Whiles,M. R. 1999. Ecologyandsignificanceof cicadasin atallgrassprairieecosystem.
Invitedseminarspeaker,UniversityofMaine,October21, 1999.

Evans-White,M. A., W. K. Dodds,M. J. Kemp,L. A. Gray,A. Lopez,J. L. Tank, andM. R.
Whiles. 1999. Patternsofnitrogencycling in aprairiestreamfoodweb.Annual
meetingsoftheNorthAmericanBenthological-Society,Duluth, MN.

Goldowitz,B. S.,andM. R. Whiles. 1999. Influenceofhydrologicfluctuationson aquatic
vertebratecommunitiesin centralPlatteRiver Wetlands. Annualmeetingsofthe
EcologicalSocietyofAmerica,Spokane,WA.
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Whiles,M. R. 1999. Significanceof arthropodsto prairieecosystemfunction. Invited
symposiumspeaker,annualmeetingsoftheCentralStatesEntomologicalSociety,
Manhattan,KS.

Whiles,M. R. 1999. Aquaticinvertebratecommunitiesand disturbance:tools forbasicand
appliedinvestigations.Invitedseminarspeaker,SouthernIllinois University.

Whiles,M. R., A. Franzen,S. Dinsmore,andB. L. Brock. 1998. Useof invertebraterapid
bioassessmentfor identificationofstreamreachescontributingto waterquality
degradationin anortheastNebraskareservoir. JointmeetingsoftheAssociationof
Limnologists andOceanographersandtheEcologicalSocietyofAmerica,St. Louis,MO.

Evans-White,M. A., W. K. Dodds,M. J.Kemp, L. A. Gray,J. L. Tank,M. R. Whiles,andA.
Lopez. 1998. Nitrogentransferthroughaprairiestreamfoodweb. Annualmeetingsof
theGreatPlainsLimnologicalSociety,Pittsburg,KS.

Whiles,M. R. andB. S. Goldowitz. 1998. Biological responsesto hydrologic fluctuationin
wetlandsloughsofthecentralPlatteRiver. The9thPlatteRiverBasinEcosystem
Symposium,Kearney,NB.

Whiles, M. R. 1997. Invertebratebioassessment:advantages,techniques,andapplications.
Invitedspeaker,ann.meetingsof theNebraskaNaturalResourceDistricts,Kearney,NE.

Whiles,M. R. 1997. Invertebratecommunitiesandecosystemprocessesin disturbedlotic
systems.Invitedseminarspeaker,KansasStateUniversity,Manhattan,KS.

Whiles,M. R. 1996. Disturbance,invertebratecommunities,andstreamecosystemprocessesin
southernAppalachianstreams.Invitedseminarspeaker,TexasTechUniversity,
Lubbock.

Whiles,M. R. 1995. Streamecosystemresearchat CoweetaHydrologicLaboratory. Invited
seminarspeaker,SoutheasternOklahomaStateUniversity, Durant,Oklahoma.

Whiles,M. R., andJ. BruceWallace. 1995. Leaflitter decompositionandshredder
communitiesin streamsdrainingmixed hardwoodandwhite pinewatersheds.Annual
meetingsoftheNorthAmericanBenthologicalSociety,Keystone,Colorado.

Wallace,J.B., J.W. Grubaugh,andM. R. Whiles. 1995. Biotic indicesandstreamecosystem
processes:-resultsfrom anexperimentalstudy. AnnualmeetingsoftheNorthAmerican
BenthologicalSociety,Keystone,Colorado.

Whiles,M. R. 1995. Disturbanceandaquaticinvertebratecommunitiesin southern
AppalachianMountainstreams.Invitedseminarspeaker,UniversityofTennesseeat
Chattanooga. - -

Whiles, M. R. 1994.Recoverydynamicsofinvertebratecommunitiesandlitter processingin
southernAppalachianstreamsfollowing disturbance.Invitedseminar,BerryCollege,

- Mount Berry, Georgia.
Whiles,M. R. andJ.B. Wallace. 1994.Long-termmeasurementsofcoarseparticulateorganic

matterexportfrom headwaterstreams.AnnualmeetingoftheNorthAmerican
BenthologicalSociety,Orlando,Florida.

Grubaugh,J.W., Wallace,J.B., andM. R. Whiles. 1994. 1956-57versus1991-92: A
comparisonofmacroinvertebratecommunitiesandpotentialeffectsofchangingland
usagein aGeorgiapiedmontriver. Annualmeetingof theNorthAmericanBenthological
Society,Orlando,Florida.
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Whiles,M. R. 1993.Coarsewoodydebrisandamphibianandreptilediversity in southern
forests. Conferenceoncoarsewoodydebrisin southernforests:effectsonbiodiversity,

- Universityof Georgia,Instituteof Ecology.
Whiles,M. R., andG. J. Lugthart. 1993.Secondaryproductionin aheadwaterstreamduring

recorddryandwetyears. AnnualmeetingoftheNorthAmericanBenthologicalSociety,
Calgary,Alberta,Canada.

Whiles,M. R., Wallace,J.B., andK. Chung 1992. Useofarefractorylitter speciesby a
caddisfly:therole ofLepidostomain streamrecoveryfrom disturbance.Annualmeeting
oftheNorthAmericanBenthologicalSociety,Louisville, Kentucky.

Whiles,M. R., andJ. B. Wallace1991. First-yearmacroinvertebratecommunityrecoveryin a
southernAppalachianstreamfollowing an insecticideinduceddisturbance.Annual
meetingof theNorthAmericanBenthologicalSociety,SantaFe, NewMexico.

Whiles,M. R., Tate,C. M., andK. L. Hooker1988. Theinfluenceofnutrientenrichmentsand
grazerson periphytongrowthin KonzaPrairiestreams.AnnualDivision ofBiology
GraduateStudentForum,KansasStateUniversity.

Tate,C.M., Whiles,M.R., andK. L. Hooker1988. Influenceof nutrientsandgrazerson
periphytonbiornassin prairie streams.Annual meetingoftheNorthAmerican
BenthologicalSociety,Tuscaloosa,Alabama.

Tate,G.M., Hooker,K.L., andM. R. Whiles 1987. Seasonalresponseofperiphytonto nutrient
enrichmentin prairiestreams.AnnualmeetingoftheNorthAmericanBènthological
Society,Orono,Maine.

POSTERPRESENTATIONS

Rowlett,J.H., D. A. Walther,andM. R. Whiles. 2004. A comparisonofmacroinvertebrate
communitystructureon artificial rock riffles to snagandexposedstreambedhabitatsin
CacheRiver, Illinios. AnnualmeetingsoftheNorthCentralBranchoftheEntomological
SocietyofAmerica,KansasCity, MO.

Whiles, M. R.,D. W. Butler, D. A. Walther,andM. B. Flinn. 2003. Temperature-dependent
growthratesofnon-predatorychironomidsfrom asouthernIllinois stream.Annual
meetingoftheNorthAmericanBenthologicalSociety,Athens,GA. - - -

Stone,M. L., M. R. Whiles,J.A. Webber,andK. Williard. 2002. Relationshipsbetween
riparianvegetation,waterchemistry,andstreaminvertebratesin asouthernIllinois
agriculturallandscape.AnnualmeetingoftheNorthAmericanBenthologicalSociety,
Pittsburgh. -

Flinn, M. B., R. Adams,M. R. Whiles,B. Burr, andR. Sheehan.2002. Feedingecologyof
larvalbluesuckers(Cycleptuselongatus):adirectbenefitofriverinebackwater
invertebratesto amain channelfish. AnnualmeetingoftheNorthAmerican

Benthological Society,Pittsburgh.
Flinn, M. B., R. Adams,M. R. Whiles,B. Burr, andR. Sheehan.2002. Feedingecologyof

larval bluesuckersin MississippiRiverbackwaters.MississippiRiver Research
Consortiummeetings,LaCrosse,WI.

Meyer,C. K., M. R. Whiles,andR. B. Charlton. 2001. Secondaryproductionandenergeticsof
grasshoppersasaffectedby annualburningin tallgrassprairie. Annualmeetingsofthe
NorthCentralBranchoftheEntomologicalSocietyofAmerica,Fort Collins,CO.
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Callaham,M. A., J.M. Blair, T. C. Todd,D. J.Kitchen,andM. R. Whiles. 2001. Fire,
mowing,andfertilizationeffectsonmacroinvertbrateassemblages-in taligrassprairie
soils. Soil EcologySocietyConference,Atlanta,Georgia.

Whiles, M. R.,M. A. Callaham,Jr.,C. K. Meyer,andJ.M. Blair. 2000. LandManagement
Influenceson GrasslandCicadaEmergenceDynamics. EcologicalSocietyofAmerica
All Scientistsmeetings,Snowbird,Utah.

Corum, R. A., W. K. Dodds,and M. R. Whiles. 2000. Distributionoffilter-feeding
invertebratesin centralKansasrivers andstreams.Midwest LimnologicalSociety
Meetings,Lawrence,KS. -

Whiles,M. R., D. M. Stagliano,andR. E. Charlton.2000. Bioassessmentofdisturbedprairie
streams:problemswith traditionalfish and aquaticinvertebratemetrics. Annual
MeetingsoftheNorthAmericanBenthologicalSociety,Keystone,Colorado.

Callaham,M. A., M. R. Whiles,C. K. Meyer,B. L. Brock, andR. E. Charlton. 1999.
Emergenceproductionandecologyof annualcicadas(Homoptera:Cicadidae)in tallgrass
prairie. AnnualmeetingsoftheEntomologicalSocietyof America,Atlanta,GA.

Callaham,M. A., M. 1~.Whiles,C. K. Meyer,B. L. Brock, andR. E. Charlton. 1999. Feeding
ecologyofcicadas(Homoptera:Cicadidae)in tallgrassprairie. Soil EcologySociety
Conference,Chicago,IL.

Jonas,J. L., M. R. Whiles,andR. E. Charlton. 1999. Influenceoflandusepatternson insect
diversityin a centralKansasgrassland.Annualmeetingsof theEntomologicalSocietyof

America, Atlanta, GA.
Whiles,M. R., M. A. Callaham,C. K. Meyer, B. L. Brock, andR. B. Charlton. 1998. Periodical

cicadaemergenceproductionin anortheastKansasriparianforest. Annualmeetingsof
theEntomologicalSocietyofAmerica,Las Vegas,NV.

Stagliano,D., R. B. Charlton,andM. R. Whiles. 1998. Assessingenvironmentalimpactson
Colbert Hills using fish andaquaticinsectcommunities. KansasStateResearchand
Extension AnnualConference,Manhattan,KS. -

Alexander,K. A. andM. R. Whiles. 1998. A newspeciesof Ironoquia Banks(Trichoptera:
Limnephilidae)from backwatersof thecentralPlatteRiver,Nebraska.NorthAmerican
PrairieConference,Kearney,NE.

Din~more,S.,M. R. Whiles,andR. Roberts. 1997. Useofbioassessmentfor identificationof
streamreachescontributingto eutrophicationofanortheastNebraskareservoir. Annual

- meetingsoftheSouthwesternAssociationofNaturalists,Fayetteville,Arkansas.
Dinsmore,S.,M. R. Whiles,andR. Roberts. 1996. Biologicalandchemicalanalysisof

agriculturallyimpactedstreamsin northeastNebraska.31st regionalmeetingsofthe
AmericanChemicalSociety,Sioux Falls,SD.

Whiles, M. R. 1993.Secondaryproductionin aheadwaterstreamduringwet anddryyears.
AnnualmeetingsoftheCoweetaLTER site,Athens,Georgia.

Whiles,M. R. andK. L. Hooker 1987. Subterraneaninvertebrates-from anartesianspringon
KonzaPrairie. AnnualmeetingoftheNA BenthologicalSoc.,Orono,Maine.

GRANT REVIEWER

NSF, USDA, USEPA,USGS-BRD,Illinois GroundwaterConsortium(IGC)
EPA STARFellowships,invited reviewpanelmember(2002)
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BOOK REVIEWER

FundamentalsofEcology,
5

th ed.,B. P. Odumand G. Barrett -

Ecology,ConceptsandApplications,
2

nd ed.,M. C. Molles
FreshwaterEcology,W. K. Dodds

MANIJSCR1PTREVIEWER

BioScience,Ecology,EcologicalApplications,Limnology andOceanography
Archiv fur Hydrobiologie,JournaloftheNorthAmericanBenthologicalSociety
EnvironmentalManagement,PrairieNaturalist,AmericanEntomologist
EnvironmentalEntomology,JournalofInsectScience,JournalofEcology
JournaloftheKansasEntomologicalSociety,BulletinofMarineScience
JournalofCaveandKarst Studies,Wetlands,EnvironmentalToxicologyandChemistry,
NewZealandJournalofMarineandFreshwaterResearch,RestorationEcology

PROFESSIONALSERVICEandMEMBERSHIPS

2002-03 ProgramCommittee,NorthAmericanBenthologicalSociety
2002-03 MembershipDirector,AmericanWaterResourcesAssoc.,Illinois chapter
2000- EntomologicalSocietyofAmerica
1997- SigmaXi -

1986- NorthAmericanBenthologicalSociety



BEFORETHE ILLINOIS POLLUTION CONTROL BOARD

IN THE MATTER OF: )
)

PROPOSEDAMENDMENTS TO ) R 02-19
AMMONIA NITROGEN STANDARDS ) (Rulemaking - Water)
35 Ill. Adm. Code - - )

WRITTEN TESTIMONY OF ROBERT J. SHEEHAN

Justification and Approach for Adoption ofthe United StatesEnvironmental
Protection Agency’sApproach for Setting Ambient Water Quality Criteria for

Ammonia in Illinois Surface Waters -

I am RobertJ. Sheehan,Professorof Fisheriesin Zoologyand AssistantDirector

oftheFisheriesand Illinois AquacultureCenter,SouthernIllinois UniversityCarbondale.

My purposeheretoday is to explain thejustification and approachfor what I believe

Illinois should use to establishwater quality criteria for the state’s surfacewaters. I

believethatrecentinformationindicatesthat currentammoniawaterquality criteriaused

by Illinois appearto not be protective enoughunder certain circumstancesand they

appearto be overly protectiveunderothercircumstances.I believethat Illinois should

usemethodsdescribedby the United StatesEnvironmentalProtectionAgency (USEPA)

in their latestNational Criteria Documentfor ammonia,the 1999 Updateof Ambient

WaterQuality Criteria for Ammonia(“1999 AmmoniaUpdate”).

I. ProfessionalCredentials:

I basemy testimony on morethan 15 yearsof experiencewith ammoniatoxicity

issues. For example, colleagues and I published in the international journal

Hydrobiologiawhat is to my knowledgethefirst paperexaminingthe toleranceof larval

(glochidia) unionid mussels to ammonia (Goudreau et al. 1993). This paper was

consideredin the 1999 Ammonia Update. A colleague and I also published in
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Transactionsof the AmericanFisheriesSocietya study (Sheehanand Lewis 1986) that

was also includedas part of the databaseupon which the 1999 Ammonia Updatewas

based. This work was the basis for two best paperawardsconferredon us by the

American FisheriesSociety. I was selectedby the CadmusGroup, a consulting firm

employedby USEPA, to be one of the five nationalreviewersfor the 1999 Ammonia

Update;I was the only biologist amongthe reviewers(Cadmus1997). I havetaught a

graduatelevel class(Zoology 565, EnvironmentalPhysiologyof Fishes)for more than

tenyearsthat coversin depththemethodsfor calculationofnumericandnarrativewater

quality criteria. I havealso taughtthesemethodsin theUniversity of Illinois’ Envirovet

curriculum; Envirovetis a programfor training veterinariansin aquaticanimalhealth. I

amthe Illinois Chapterof the AmericanFisheriesSociety’srepresentativeto the Illinois

EnvironmentalProtectionAgency’s(IEPA) Total Maximum Daily Load Work Group. I

am amemberof IEPA’s ScienceCommitteefor developingwaterquality standardsfor

nutrients.

Otherindicationsof my professionalstatureincludethe morethan$2,000,000of

fundingI havereceivedfor researchin aquaticsystems. This fundingwasobtainedfrom

approximatelytwenty different sources. Most of this researchhas beendirected at

Illinois surface waters, and in particular rivers and streams,but some has been

international(e.g., AmazonRiver) in scope. I haveauthoredmorethantwenty-fivepeer-

reviewedpublicationson river and streamorganisms.Theseinclude: 1) invited authorof

the “Large Rivers” chapter(Sheehanand Rasmussen1993) in the AmericanFisheries

Society’s textbook on fisheriesmanagement,Inland FisheriesManagementin North

America—anupdatedrevisionof that work has recentlybeencompleted(Sheehanand-
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Rasmussen1999); and 2) invited author of the chapter on “Wetlands and Fisheries

Resourcesof the Mississippi River” in the PennsylvaniaAcademy of Sciencebook,

Ecolo~of Wetlands and AssociatedSystems. I serve as a member of numerous

governmentagencyteamsor committees,suchas the Mississippi River Coordination

Team and the Lower Platte River Task Force. I have beenan expert witness for the

WashingtonUniversityEnvironmentalLaw Clinic at a hearingbeforetheMissouri Clean

WaterCommission. I havealso beenan expertwitnessin a hearingbeforethe Illinois

Pollution Control Board that concernedammoniain the GalesburgSanitary District

discharge.Lastly, I wasappointedto thePallid SturgeonRecoveryTeamby theDirector

of the U.S. Fish and Wildlife Service;this is the only federally listed endangeredfish

-~speciesin theMississippiRiver.

II. Justification

- As Mr. Callahantestified,ammoniaexistsin solutionin adynamicequilibrium in

twO forms,asammoniumion (NH~)and asanunionizedmolecule(NIH3). Currentwater

quality standardsfor Illinois are derived from the U.S. Environmental Protection

Agency’sNational Criteria Document,AmbientWater Quality Criteria for Ammonia—

1984, whichwaspublishedin 1985 (hereafterreferredto as “1985 AmmoniaGuidance”).

The 1985 Ammonia Guidancewas formulatedunderthe so-calledjoint toxicity theory,

which holds thatunionizedammoniais themoretoxic form, but ionizedammoniais also

toxic. Further, as pH, temperatureor both decrease,the proportion of the toxicity

attributableto ionizedammoniawill increase,dueto the effectsoftemperatureandpH on

the ammoniaequilibrium. Toxicity appearsto increaseas pH, temperature,or both

decreaseif oneonly considersunionizedammoniaconcentrations,becausemore ionized
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ammoniawill be foundin lower pH and/orlower temperaturesolutions. Thus, the 1985

AmmoniaGuidanceexpressedwaterquality criteriain termsof unionizedammoniawith

correctionsfor the effectsof temperatureandpH on ammoniatoxicity. It wasnotedin

the 1985AmmoniaGuidancethat thejoint toxicity modeldid notappearto be consistent

with somedatasetsthatwereavailableatthat time.

In the 1999 Ammonia Update, USEPA concluded that a definitive, thorough

theoreticalapproachfor describingpH effectson ammoniatoxicity is lacking. Further,

USEPA concludedin the 1999 Ammonia Updatethat thereis no adequatetheoretical

basisorscientificunderstandingfor specifyinghow temperatureadjustmentsto unionized

ammoniacriteriacanbemade. Ratherthantrying to make“square-peg”datafit into the

“round-hole”joint toxicity theory,the 1999AmmoniaUpdatetookan empirical approach

to describehow pH and temperatureaffect ammoniatoxicity. This meant that in the

opinion of USEPA in the 1999 Ammonia Update, the approachused in the 1985

AmmoniaGuidancewasflawedbecauseit wasformulatedbasedon thebelief in thejoint

toxicity theory,abelief that seemedto be refuted,especiallywhenappliedto temperature

effectson ammoniatoxicity.

Application of the 1999 Ammonia Update to Illinois water quality laws is

warrantedat this time. The 1999 Ammonia Updateis superiorto the 1985 Ammonia

Guidanceapproachfor anumberof reasons.First, the 1999AmmoniaUpdaterecognizes

that the effectsof temperatureon ammoniatoxicity are not strongly indicative ofjoint

toxicity. Second,modelsusedto describethe effectsof pH on ammoniatoxicity use

empirical componentsin recognition of the incomplete knowledgeof joint toxicity

effects. Third, expressingammoniatoxicity on thebasisof total ammoniaeliminatedthe
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need for a temperaturecorrection for ammoniaCriterion Maximum Concentrations.

Fourth, using total ammoniato expressammoniatoxicity generallyresultedin reduced

variability amongdatasets and better fit to existing data sets. Fifth, permit limits are

usuallyexpressedin total ammonia,soexpressingcriteriaon thebasis oftotal -ammonia

would eliminate conversionsto unionized ammonia. Sixth, another water quality

criterionthat 1999 AmmoniaUpdatebelievesis necessaryto protectaquatic life will be

established,whereinthe highestfour-dayaveragewill notbe allowedto exceed2.5 times

the chroniccriterion. Lastly, the resultsof more than 40 new scientific studieswith a

numberof additional specieswere addedto the ammoniatoxicity data base. Studies

representingabroadrangeofspeciesare necessaryfor developingadequatelyprotective

water quality criteria. More data in general reduces the risk of criteria being

- overprotectiveaswell asunderprotective.

III. Proposedchangesto Part 302, Subpart B, Section302.212:

Methodsfor calculatingwaterquality criteria aretakenfrom the 1999 Ammonia

Update. All criteriawill be on thebasisoftotal ammonia. The 1999 AmmoniaUpdate

providestwo relationshipsfor calculatingthe Criterion Maximum Concentration(CMC)

oracute criterionfor ammonia. One equationis usedwhensalmonid fishesarepresent

and the otherwhen they are absent. Since no reproducingsalmonid populationsare

foundin Illinois watersthatreceiveNPDESpoint sourcedischarges,the salmonidfishes

absentapproachis warrantedin Illinois.

The 1999 Ammonia Update provides two relationships for calculating the

Criterion Continuous Concentration(CCC) or chronic criterion for ammonia. One

relationshipis to be usedwhenearly life history stagesof fish arepresentandthe other



whenthey arenot. The equationusedwhenearlylife history stagesarepresentresultsin

a more protectivewater quality criterion, which is necessaryto protect fishes during

sensitivedevelopmentalstages. -

I compileda list of spawningdatesfor fish speciesin Illinois to determinewhen

the “early life history stagespresent”water quality criteria should be applied. These

spawningdatesmaybe found asIA WA’s Exhibit 11. Spawningdateswerederivedfrom

many sourcesand basedon the best information available. Although spawningdates

havebeenreportedfor most species,informationspecific to Illinois is not availablefor

manyspecies,soprofessionaljudgmentwas alsoused. Primarysourcesof spawningdate

information includedFishesofIllinois (Smith 1979), The Fishesof Missouri (Pflieger

1997),andFishesof Wisconsin(Becker1983).

I consultedwith Dr. Brooks Burr, an ichthyologistat my institution. I also.

consultedwith Mr. Brian Thompsonof the U.S. EnvironmentalProtection Agency,

RegionV. It is my understandingthat Mr. Thompsonthenconsultedwith a colleaguein

his office, Mr. Ed Hammer. Mr. Hammeris knowledgeableof fishesin Illinois. To the

bestof my knowledge,the following rationalefor determiningperiodswhenearly life

history stagesof fishes are presentin Illinois watersis representativeof and consistent

with theoutcomeofthoseconsultations.

Most Illinois fish speciesspawnin thespringand summerseasons,so themonths

of April throughAugustarewithout doubt within the “early life history stagespresent”

period. The earliestspawningspeciesin Illinois’ inland waters is the harlequindarter

Etheostomahistrio, which is believedto spawn as early as February. The harlequin

darteris found in Illinois in the EmbarrasRiver betweenthe towns of Charlestonand
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- Newton and in the WabashRiver betweenBeau Woods State Park and the town of

Rising Sun. It is reasonablethat the “early life history stagespresent” should be

consideredto begin in Februaryin thesetwo river reachesto afford protectionto the

harlequindarter,unlessthis speciesprovesto berelatively tolerantto ammonia.

Elsewhere in the waters of Illinois, exclusive of Lake Michigan, the earliest

spawningspeciesaremost probablymembersof the Esocidae,the grasspickeral Esox

americanusandthenorthernpikeE. lucius. Thesetwo esocidsprobablytypically initiate

spawningin most of their Illinois rangein March. Consequently,designatingMarch as

the beginning of the “early life history stagespresent”period in waters where the

harlequindarteris not foundis warranted.

Illinois fish speciesthat spawnas late in-the yearas Septemberincludethe sand

shiner Notropis ludibundus, bandedkillifish Fundulus diaphanous,and mosquitofish

--Gambusiaaffinis. However,time should bepermittedfor the youngof thesespeciesto

grow out of the most sensitivedevelopmentalstages,so it appearsjustifiable to extend

the“early life history stagespresent”periodthroughOctober.

Two speciesthat reportedly spawnin winter were not usedto determinewhen

earlylife history stagesare presentfor the following reasons.Theburbot Lota lota has

beenfoundin theIllinois River. It is thoughtto spawnduring thewinter, but it is doubtful

that this speciesreproducesin any Illinois waters with the exceptionof Lake Michigan.

The spring cavefish Chologasteragassizimay spawn at various times of the year,

includingwinter, but this speciesis subterraneanand unlikely to be affectedby ammonia

in discharges. -
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In summary, the “early life history stagesnot present” period should be

consideredto beNovemberthroughFebruaryin most of the state. In waterswherethe

harlequindarteroccurs,however,the“early life history stagespresent”periodshould be

consideredto be NovemberthroughJanuaryunlessit can be shownthat this speciesis

relatively tolerantto ammonia.The“early life history stagesnotpresent”periodcouldbe

extendedthroughFebruaryin harlequindarterwatersif this speciesis not very sensitive

to ammonia.

The 1999AmmoniaUpdatesuggeststhe useof a third criterion, a 4-dayaverage

that shouldnot exceed2.5 times the CCC. I believe that thereis justification for this

“subchronic” ammoniacriterion. It will afford an additional level of protectionfor the

state’saquaticbiota thatis not presentin theexisting law.

IV. Useof the
50

th percentile pH to calculatechronic effluent standards:

Stephanet al. (1984)definedUSEPA’sgeneralguidelinesfor derivingnumerical

nationalwaterquality criteriafor theprotectionof aquaticorganismsandtheiruses. This

documentestablishedUSEPA’s intent in regardto waterquality criteria development.

The 1999 Ammonia Updateis an exampleof the mechanicsof water quality criteria

developmentfor a particulartoxic—ammonia.According to Stephanet al. (1984),“. .

theconcentrationofapollutantin abody ofwatercanbe abovetheCCC without causing

an unacceptableeffect if (a) the magnitudesand durationsof the excursionsabovethe

CCC are appropriatelylimited and (b) there are compensatingperiodsof time during

which the concentrationis below the CCC.” The 1999 Ammonia Update approach

establishinga subchronicstandardeffectively accomplishes(a) above—it limits the
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magnitudesand durationsof excursionsabovethe CCC. This protectionis not present

undercurrentlaw.

Since unionizedammoniais consideredthe more toxic form, solutionsbecome

more toxic at elevatedpH values. This is an importantconsiderationwhen protecting

organismsfrom lethal -concentrations. Thus, a very conservative
75

th percentilepH is

usedto calculateeffluent standardsto meetacutecriteria. However,chroniceffectsdeal

with importantyet lessharmful responses,suchaseffectson growth. The intent of the

CCC is to preventunacceptablechroniceffects,suchasunacceptableeffectson growth.

By using the
50

th percentile pH, excursions above the CCC will be completely

compensatedfor by periodswhenpH is below the
50

th percentile. Thus, a chroniceffect,

suchasreducedgrowth,will be no worseon averagethanis consideredacceptable,based

on theCCC.

- Theestablishmentof the subchroniccriterionwill provide the level of protection

againstextendeddurationandhigh magnitudeexcursionsabovetheCCC as describedby

Stephanet al. (1984) (see (a) above). The subchronicstandardand the protection it

provides are not presentunder the current law. This aloneprovides a greatdeal of

justification for modification of thecurrent law. The
50

th percentilepH will ensurethat

theCCC is met on average,also consistentwith the intent of the CCC asdescribedby

Stephanet al. (1984)(see(b) above).

Also, the overall approachused in the 1999 Ammonia Update for chronic

ammoniacriteria developmentis superiorto that of 1985 Ammonia Guidance. In the

1985 Ammonia Guidance,chronicwaterquality criteria werederivedfrom estimatesof

chroniceffects thresholdconcentrations,or the geometricmeanof the lower and upper
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- chronic limits; i.e., the highestconcentrationin a testthat did not causean unacceptable

adverseeffect and the lowest concentrationthat causedan unacceptableadverseeffect,

respectively. Thereis a high degreeof statisticaland scientific uncertaintyin estimates

of chronic effects thresholdconcentrationsusing this method. In the 1999 Ammonia

Update, chronic criteria are set by interpolating a single value (the EC2O) from a

concentration-toxicityrelationshipdevelopedfrom an entiredata set. Thus, in the 1985

Ammonia Guidancechronic criteria are determinedusing only two datapoints taken

from the portion of the concentration-toxicityrelationshipwhere statistical error and

scientific uncertaintyare high. In the 1999 Ammonia Update,an entire dataset (that

includesvalueswith lower statisticalerror ratesandhigherscientificcertainty)is usedto

developchroniccriteria.

V. Mussels

USEPA Region V hasprovided a documentwith a list of studiesexamining

ammoniatoxicity in mussels,due to concernsthat the 1999 Ammonia Updatedid not

adequatelyaddressthis taxonomicgroup. Thevastmajority ofthereferencedstudiesare

not publishedin the peer-reviewedliterature,andmost certainlyhadnot beensubjected

to USEPAproceduresor public commentregardingtheirsuitability for inclusion in data

basesfor waterquality criteria development. By my count, 13 works were referenced

and only two of thosewerepublishedin the peer-reviewedscientific literature. I am a

coauthor(Goudreauet al. 1993) of one of the two publishedpapers. Becauseof my

familiarity with that work, I was somewhatsurprisedthat the LC5U value we obtained

was included in the proposedmussel databasewithout any comment regardingits

appropriateness.Our study was cutting edge researchat the time, the first study to
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examineammoniatoxicity in larval (glochidia)mussels. However,thetoxic responsewe

measured,closure of the valves, occurred in up to 50% of the control glochidia, a

problemwe describedin the paper. According to generally acceptedguidelines for

toxicity tests(USEPA 1991),no more than 10% of control group animalsshould show

the toxic response,if a toxicity test is to be consideredvalid. Somemention of the

problemwe encounteredwith control animalsshould at leasthavebeenmethod. I was

also surprisedto readin the documentprovidedby RegionV USEPAthat, “There were

no applicableacute:chronicratiosfor sublethalammoniaimpactsto freshwatermussels”,

becausewereportedbothan EC5Ovalueand an LC5O valuefrom which anacute-chronic

ratio for musselscouldhavebeenobtained. It shouldbementionedthat ourGoudreauet

al. (1993)paperwas consideredin the 1999 AmmoniaUpdate,but it did not affect the

outcomeofchroniccriteriathat weredeveloped.

-Given thelackofboth USEPAandpublic review,aswell asa lackof peerreview

by the scientific community for most of the musselstudiesprovided in the document

from RegionV, I do not believethereis compelling evidenceregardingthetoleranceof

musselsto ammoniato justify modificationof criteriabasedon 1999AmmoniaUpdateat

this time.

VI. Summary Conclusions -

1. The theoretical framework used to formulate Illinois’ ammoniawater

quality criteria wasbasedon USEPA guidelines;USEPAnow questionsthe theoretical

basisofthat framework.

2. USEPAnow proposesthat modelsdevelopedusing empirical methodsbe

used to determinewater quality criteria; thesemodels are the best available for this
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purposeat this time, andI believeIllinois’ regulationsshouldbe revisedaccordingto the

newmodelsproposedby USEPA. -

3. The methodfor calculatingchroniccriteria that is describedin USEPA’s

latestguidanceis superiorto the previousmethod and should be adoptedin the state’s

regulations.

4. I urgethat Illinois establishanotherwaterquality criterion,the subchronic

criterion describedin the latestUSEPAguidance,to more fully protectthe organismsin

thestate’swaters.

5. The early life history statespresentperiod, used to establishchronic

criteria, shouldbeconsideredasMarch throughOctoberin mostofthestate.

6. In waterswheretheharlequindarteri-s found, the earlylife history stages

presentperiod should be consideredasFebruarythrough October, unlessthis species

provesto berelativelyinsensitiveto ammonia.

7. Lastly, usingthe
50

th percentilepH for calculatingeffluent limits to meet

chronicammoniacriteria is consistentwith currentUSEPAguidance.

RobertJ. Sheehan
ProfessorofFisheriesin Zoology

AssistantDirector,CFRL
AssociateDirector,Illinois AquacultureResearch& DemonstrationCenter

Literature Cited

Goudreau,S.E.,R.J.Neves,andR.J. Sheehan.1993. Effectsof sewagetreatment
plant effluentson mollusks in the upperClinch River, Virginia. Hydrobiologia
252:211-230.

Sheehan,R.J. and M. Konikoff. 1998. Wetlandsand fisheriesresourcesof the
MississippiRiver. Pages628-647,Chapter40 in S.K. Majumdar,E.W. Miller,
and F.P. Brenner, Editors; Wetlands and AssociatedSystems. Pennsylvania
AcadamyofScience,Harrisburg,PA. -

- 12



Sheehan,R.J. and W.M. Lewis. 1986. Relationshipsbetweenthe toxicity of
aqueousammoniasolutions,pH, ammoniasalt formulations,andwaterbalancein
channel catfish fingerlings. Transactionsof the American Fisheries Society.
115:891-899.

Sheehan,R.J. and J.R. Rasmussen.1993. Large Rivers. Chapter19, pages443-
466 in C.C. Kohler and W.T. Huber, editors, Inland FisheriesManagementin
NorthAmerica. AmericanFisheriesSocietySpecialPublication.Bethesda,MD.

Sheehan,R.J. andJ.R. Rasmussen.1999. LargeRivers. Chapter20, pages529-
560 in C. Kohler and W. Huber, editors,Inland FisheriesManagementin North
America; SecondEdition. American Fisheries Society Special Publication.
Bethesda,MD.

USEPA 1991. Methods for measuringthe acute toxicity of effluents and
receivingwatersto freshwaterand marineorganisms. C.I. Weber,ed. Office of
Researchand Development,U.S. EnvironmentalProtectionAgency, Cincinnati,
Ohio. EPA-600/4-90-027.

CHO2/22175062.1

13



Table 1. Spawning periods for fishes in Illinois.

SPECIES COMMON NAME
- ILLINOIS

SPAWNING PERIOD
bdellium Ohio lamprey Early spring

- Chestnut lamprey Late May to June
Northern brook lamprey Early May
Silver lamprey May and June

aepyptera Least brook lamprey Late March - -

American brook lamprey April or May
marinus* Sea lamprey April to July (introduced into Illinois waters)

fulvescens Lake sturgeon May and June
albus Pallid sturgeon May and June -

Shovelnose pallid sturgeon - April to June
spathula Paddlefish April and May

oculatus Spotted gar Late April and May

Longnose gar Late April and May
Shortnose gar Mid May to July

Alligator gar May
Bowfin April to June

American eel Spawns in the ocean
- Alabama shad May to June

Skipjack herring Late April to late June -

Alewife June into August

cepedianum Gizzard shad April to June
Threadfin shad Throughout the summer
Goldeye

-

May
Mooneye Late March to April

artedii* Cisco - November (only introduced populations in
Illinois outside of Lake Michigan)

Lake whitefish October and November

Bloater January into March

Blackfin cisco Winter (extirpated in Illinois)

cylindraceum* Round whitefish Fall (maybe extirpated in Illinois waters)

fontinalis* Brook trout Fall and winter

Lake trout i - October

mykiss* Rainbow trout
-

Fall and spring spawning stocks (introduced
into Illinois)

Brown trout November to December (introduced into
Illinois waters)

kisutch* Coho salmon Winter, but can be variable (introduced into
Illinois waters)

Chinook salmon - Winter, but can be variable

Rainbow smelt Spring spawner (introduced into the great
lakes and other Illinois waters)

Mudminnow April and later; probably dependent on
floodplain inundations for spawning

Grass pickeral March and April

~D2t°t



Table 1. Spawning periods for fishes in Illinois (cont.)

SPECIES COMMON NAME
ILLINOIS

SPAWNING PERIOD
E. lucius Northern pike March

E. masquinongy Muskellunge March and April (widely stocked, but natural
pqpulations in Illinois, if any, probably
extirpated)

Carassius auratus Goldfish Late March through June
Cyprinella lutrensis Red shiner Late May to August -

C. spiloptera Spotfin shiner Early June to mid-August
C. venusta Blacktail shiner June into August
C. whipplei Steelcolor shiner June to mid-August
Ctenopharyngodon della Grass carp May to July (introduced into Illinois waters)
Hypophthalmichthys
molotrix

Silver carp Spring through summer (introduced into Illinois
waters)

H. nobilis Bighead carp Summer; increases in river stage (introduced -

into Illinois waters)
Notemigonus crysoleucas Golden shiner April to early June
Semotilus atromaculatus Creek chub April and May -

Couesius plumbeus* Lake chub April and May

Nocomis biguttatus - Hornyhead chub Late April through June
N. micropogon River chub April through June -

Macrhybopsis aestivalis Speckled chub Late May to August -

M. gelida Sturgeon chub May to late August
M. gracilus Flathead chub July to August
M. meeki Sicklefin chub Unknown (large river species)
Hybopsis amblops - Bigeye chub May through June
H. storeriana Silver chub Unknown -

Erimystax x-punctatus Gravel chub April -

Osopoeodus emiliae Pugnose minnow Late.June -

Rhinichthys atratulus Blacknose dace Late April through July
R. cataractae Longnose dace April through June -

Luxilus chrysocephalus Striped shiner Late April into June

L. cornutus Common shiner Late April into June

Lythrurus ardens Rosefin shiner Late April through June

L. fumeus Ribbon shiner June
L. umbratilis Redfin shiner Mid May to early August

Phenacobius mirabilis Suckermouth minnow Late April into August

Notropis amnis Pallid shiner April

N. anogenus Pugnose shiner May to June

N. atherinoides Emerald shiner June into July -

N. blennius River shiner Late June into August

N. boops Bigeye shiner Early June to Late August

N. buchanani Ghost-shiner Late April to early July

N. chalybaeus Ironcolor shiner Late June to July

N. dorsalis Bigmouth shiner June and July

N. heterodon Blackchin shiner - Unknown
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- Table 1. -Spawning periods for fishes in Illinois (cont.)

-

SPECIES COMMON NAME
ILLINOIS

SPAWNING PERIOD
N. heterolepis Blacknose shiner June though July

N. hubbsi Bluehead shiner May -

N. hudsonius Spottail shiner May, and June, August possible

N. rubellus Rosyface shiner May to early June
N. shumardi Silverband shiner Late summer
N. ludibundus Sand shiner Late April through September

N. texanus Weed shiner August
N. volucellus Mimic shiner June into August
N. wickliffi Channel shiner June and July

Ericymba buccata Silverjaw minnow March to July
Phoxinus erythrogaster Southern redbelly dace Late April through June

Dionda nubile Ozark minnow May and June
-Hybognathus argyritis Western silvery minnow June to July -

-H. hankinsoni Brassy minnow Late May in Wisconsin
H. hayi Cypress minnow April or later
H. nuchalis

-

Silvery minnow (Mississippi
silvery minnow)

June

H. placitus Plains minnow June to July
Pimephales notatus Bluntnose minnow May through August

P. promelas Fathead minnow May through August

P. vigilax Bullhead minnow Late May into July

Campostoma anomalum Common stoneroller April through May
C. olegolepis Largescale stoneroller

- -

April through May (assumed to be similar to
common stoneroller)

Cycleptus elongates Blue sucker Unknown (found in medium to large rivers)

lctiobus bubalus Smallmouth buffalo May and June -

I. cyprinellis Bigmouth buffalo
- - -

May and June (assumed to be similar to the
smallmouth buffalo)

I. niger Black buffalo May and June (assumed to be similar to other
buffalo spp.)

Cyprinus carpio Common carp Late March through June (introduced into
Illinois waters)

Carpiodes carpio River carpsucker May through July

C. cyprinus Quillback (carpsucker) Mid April into June

C. velifer
.

l-Iighfin carpsucker Unknown; probably late spring through mid
summer

Moxostoma anisurum Silver redhorse - March into May

M. carinatum River redhorse April and May

M. duquesnei Black redhorse April and May

M. erythrurum Golden redhorse April into June
M. macrolepidotum Shorthead redhorse April into July

M. valenciennesi Greater redhorse Extirpated in Illinois

Hypentelium nigricans Northern hog sucker April and May

Catostomus catostomus* Longnose sucker Unknown (early spring probable)

3



Table 1. Spawning periods for fishes in Illinois (cont.)

SPECIES COMMON NAME
ILLINOIS

SPAWNING PERIOD
Ameiurus catus White catfish

—

June and July

A. melas Black bullhead
—

May and June

A. natalis Yellow bullhead May and June

A. nubulosus Brown bullhead May and June
Ictalurus furcatus Blue catfish June
I. punctatus Channel catfish

June
Pylodictis olivaris Flathead catfish Late June and July
Noturus eleutherus Mountain madtom June and July

N. exilis Slender madtom June and July
N. flavus Stonecat June and July
N. gyrinus Tadpole madtom June and July

N. miurus - Brindled madtom June -

N. nocturnus Freckled madtom Late June into July
N. stigmosus Northern madtom June
Chologaster agassizi Spring cavefish January through March

Aphredoderus sayanus Pirate perch April and May
Percopsis omiscomaycus Trout-perch April to August
Lota lota* Burbot January to March

Fundulus catenatus Northern studfish May into July
F. diaphanous Banded killifish April to September
F. dispar Starhead topminnow May and June
F. notatus Blackstripe topminnow Late spring and summer -

F. olivaceus Blackspotted topminnow May and into summer

Gambusia affinis Mosquitofish Mid April to September

Labidesthes sicculus Brook silverside May into August

Culaea inconstans Brook stickleback Late spring and early summer

Pungitius pungitius* Ninespine stickleback Summer in Canada

Myoxocephalus
quadricornis*

Fourhorn sculpin June
-

Cottus bairdi Mottled sculpin March through June

C. carolinae Banded sculpin March through April

C. cognatus* Slimy sculpin Unknown (assumed to be similar to other
Cottus spp.)

C. ricei*, Spoonhead sculpin Fall (not known with certainty)

Morone chrysops White bass April or May -

M. mississippiensis Yellow bass April or May

M. saxatilis Striped bass Does not reproduce in IL

Micropterus dolomieui Smallmouth bass May and June

M. punctulatus Spotted bass May and June

M. salmoides Largemouth bass May and June

Lepomis cyanellus Green sunfish May and into summer

L. gibbosus Pumpkinseed May and into summer

4



- iable 1. Spawning periods for fishes in Illinois (cont.)

SPECIES COMMON NAME
ILLINOIS

SPAWNING PERIOD
Warmouth May and into summer -

Orangespotted sunfish May and into summer
Bluegill - May ~nd into summer

Longear sunfish May to August

Redear sunfish May and into summer

Spotted sunfish May into August

Bantam sunfish Late May
rupestris Rock bass - May

annularis White crappie April through June
Black crappie April through June

macropterus Flier March into May

zonatum Banded pygmy sunfish April and May -

canadense Sauger March into-June

Walleye March and April

Yellow perch March through June
Logperch Mid March to mid July

Gilt darter Extirpated in Illinois; would spawn during the
summer

Blackside darter April to June
- Slenderhead darter Early June

Dusky darter Late May to early July

River darter April and May
Stargazing darter

-

Unknown (probably should not be considered
endemic to Illinois waters)

asprella Crystal darter March

clara Western sand darter Thought to be a summer spawner

-Eastern sand darter
-

Unknown, but later than most of the darters, if
consistent with A. clara

asprigene Mud darter March into May

Greenside darter March and April

Rainbow darter March into June

Bluebreast darter May and June

Bluntnose darter Early May

Iowa darter April
Fantail darter April into June

Slough darter Late May -

Harlequin darter February and March

Stripetail darter Late April

Least darter April through June

- Johnny darter March into June

- Cypress darter Mid March to June

Orangethroat darter Mid March through May

Spottail darter Late March to June

5



Table 1. Spawning periods for fishes in Illinois (cant.)

I ILLINOIS
SPECIES COMMON NAME SPAWNING PERIOD

E. zonale Banded darter April into July
Aplodinotus grunniens Freshwater drum Late April through July or later
Aplodinotus grunniens Freshwater drum Late April through July or later

* No naturally reproducing populations in waters receiving NPDES permit discharges.
C:\TEMP\ILSPeCieSPaWntemPSREV)SED2.dOC
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AbstracL—Indices of hyposia and hyperthormia tetrraocr for Missouri fish assrseldages once

bused on laboratory meanuremeuss of lethal dissoIynd osygen soneentratious and temperatures.
combined mith field measures of she relative abaudufiMfibf tdteront and sensitive species. Fish
assrmklagos andeuteeme phynicecheminat conditiaos were monitsend over 3—4 years as IS sites
so heudouter streams in the Prairie. Gourk Border, and Death regions of Minoouni. Gsygeo minima
ranged from 0.8106.8 mg/L. and temperature manimu ranged from 9.6 so 35.7*C; nayfen minima
at study sites were not correlated with temperature masima. Hyponia tolerances of fish assemblages
mere strongly cumolated with minimum stream osygen eoncentratiuus and varied cuecordassly
with regional, longitudinal, and temporal grudieotu in stream osygrn minima. Hyperthermis tel.
erunceu of fish assemblages were not correlated with manimssm stream temperatures, nor were
regional, tongitudisat, or temporal differences in hyperthrrtniu tolerances coucordant with satiation
in snmpnratare masima. Anin scorns from a detmeoded correspondence analysis of species fm.
quenaieu mere atrungty correlated with dissoloed 055gm minima foe alt 18 sitos. hut cuSs scares
correlated with temperature masima only at the four weII.onygeeased sites. Low dissolved onygrn
cools had a substantial effect on the composition of fish assemblages at most sites. hut maaintum

somprrstoreu influonccd assemblages only at Ike few sisos without severe Insoto of hypesia.

Measurements of Ike tolorascns of fish species
to 1cm dissolved oxygen conceetcalicos end high
Iemperatnrcx ace a potentially valoable tool fcc
tesling hypntheses Shout Ike effects of estreme
physicochemical conditions oo fink assemblages
and for evaluating the effects of organic and thor.
mal pollution (Warren et nI. 1973: Magnuson 01
al. 1979; Armour (99)). lx the held, speciev’spe-
cific differences in modality. absndsnce. and din’
Iributioo in relalioe to hyposia (Thomson 1925;
Katz and Gauho 1952; Larimore el al. 1959; Gam-
moo and Reidy 1981: Cobte 1902) or hyperthermia
(Bailey 1955; Mcparbuoe 1976; ‘Cramer 1977; Mat-
thews and Moneys 1979; Boaodt eta). 1900; Mat’
thaws et sI, 19021 have been chsersrd. But fda-
lively few field studies have supported held oh-
sereations milk laboratory tolerance measure-
meols (Lowe club. 1067; Malshemn 1907; Cech et
al. 1990). The complexity of environmental chol’
lenges faced by fish in nalaral situations deco not
inspire confidence io tho applicabilily of appar-
ently simplistic and oeduclicnint laboratory toler-

ance dots. Lethal conditions ef hypania and hy-
yerthermia vary with a uumker of socncdury en-
virncmentol fccbors, us well as with the phynin’
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In a coecaffenl labarabory sbody (Smalo and Ba-
keni 1995, this inane), one measured hypoxia and
hypcrthet’miu Inlorances for 35 fish species com-
mnn(y found in headwoler olrnumx in Ike mid.
western United States. In thin held study, our pri-
mary objective was to determine whethee ouch tol~
orange me050remenba predicted the success of dif-
fefeol species, melalive to each of the osher species
tested, nnder natural gondilissna which encont-
passed strong gradieuts of bosh hypoxia sod hy-
pemnhermiu. Bather thon examine Ike response of
individual species to physicnchcmieul gradienbo,
me developed two ucsembluge-leeel indices Ihul
expressed the composite kyponis or hypershermia
tolerances of all fish specien in the usnomblogoc
we investigated. Thece two indicco of hypoxia tol-
erance and hypershermia tolcraace mere then an-
alyzed in relation In geographical and lemponul
differences in streans dissolved onygon minima
and sempemolure mosimo.

We restricted the abudy to heudmutec roachea,
wherg estreme physicochemizul condisioos are
most likely to occur (Winger 1981; Matthews
1987), Tn ensure on adequate range of dream con-
ditions, we selected siles in three of Misxost-i’n
most enlensise physingruphic regions; the Proirie
region of norlhemn Missouri, the Ozark eegioo ef
southern Missnari, und a geographically inter-
mediule Gzsrk Border region (Thom and Wilson
1980). Within each rogiun, we also contracted coo-
dilions uod assemblugen al opotreum sites with
those observed at downstrcsm sites 10 test for Ion-
gitodisal effects. Additionally, secede dronghs in
northern and central Missouri (NOAA 1990) dur-
ing Ihe middle of our clody period eoohlnd us to
examine bcmpvrsl changes in the frequencies of
tolerant and intolerant fishes under onusuolly harsh
physicochemigal conditions.

We developed she stody design cv shot we could
psrsue too secondary objectives. Fimnl. we Ic-
crIed sites Ihut were typirol of hoadmater streams

Ihronghnul the stale; Ihedefore, Ihis sbudy was a
sorsey of the influeoee of kyposia and hypeosher-
mia on fish assemblages in small nonochun streams
io Missouri. Secondly, we investigated whether
physicochemicul condilions and their eculogicsl
consequences were rssdomly distributed throagh-
oat the stole or were patterned according 10 re-
gionul and longitudinal differences in slreum con-
ditions.

Methsds

Study site Iorosiesa.’—We monitored physieo-
chemical conditions and fish npeeien composition

ol IS siles in Ike Salt, Coisro, Lutsine, and Gus-
ronude iced druinages of Missouri (Figuro I).
Siten mere chosen In he representatise of stoeumn
in Ike Pfaif 1g. Ozafk Rordef, and Ozark pltynio-
graphic regions (Ffiicgee 1975; Thom and Wilson
1900). In contrual In Fruirie region sleeoms. the
steeper terrain, more permeable soils, and reduced
ugricnlturul usage that typify Gzark region watec-
sheds resalt in nbcrams with more nsahle flow, rel-
atively low turbidity. grealer mean substrate par-
bide size, und increased riffle—pool development
(Hoewitz 1975; MGNB 1986). The Ozark Border
region represents an ecotonal Icuosition between
Prairie and Gzork conditions. Fhysiogmaphie. land
use, and stream characterislien in Grark Border
wuborshedo were Iypicolly intermediate between
those in Gzuck and Prairie watersheds.

Sitea mere assigned bo regional groups (Table 1)
on the basis of similumilies iou somber of physical,
chemical, and hydrological characteristics (Babeni
and Smule 1991). The Lumine and Cuisre river
drainageu included both Prairie and Ocuck Border
siles; Ike Salt River (Prairie) sod Gusconude River
(Ozark) sites were all milhio a single cegion. The
foam Ozark sites were added to the sbody in the
spring of 1988; all olher sites were menitored froos
the spring of 1957 through Ike fall of 1990.

Sites were rilso selected nod grooped by their
longitudinal (apsnreuhs servos downstream) posi-
hans in she drainage. Go lkmee short sseeosns, only
one study site was established. On all other
streams, as npstreum site wan located near the
point farnhosl upstream ot which we expected to
find permanent slunding mater inhabited by fish.
and a d000slroam site wusestublished where Ike
drsinoge urea of the ssmenm was feom too to four
times larger. This longitudinal comparison won mi-
bially inbendod In conts’usl ckarscleristies of stream
reaches with a perm000nl flow wilh reaches wilh
inlermitbost flows, hat severe drooghls during
much of the study resolled in no-flow conditions
hat persisted for considerable periods at all bat

the four Gzack region sites.
Sites mere boculed io intermilsent or first-order

reaches and Iheir drainage areus (Table II, us meu~
sored from 1:24,000 scale U.S. Geo)ogical Survey
topographic maps, ranged from 600 to 11,000 ha.
Study sites consisted of a 200—250-m-loag secrian
of stream that we judged to he moephologicolly
typical of olmeams in the sicinicy. The same In-
cutiono were monilored at oIl siles for Ike durotion
of the study.

Mon/tssr/og of p/tyaicorhosuiral rsstdilionz.—
Monitoring of stream dissolved oxygen cnncen-

Ftnnec 1.—Lorstiens of she stody streams and their dnsinsgo busies in Missouri. The kosudirr for the Gcask
regian Ishaded oreal is taken foam MGNB 159861. end sites in both tkn Goark and Geamk Bonder groups is skis
atudy are encompassed by this boundary.

trutions and lemperalorex was schodoled specifi-
cally for the purpose of meosaring Ihe mosl en-
treme conditions that occorred at each nile in each
yeue. Dosiog 1907 and 1988, esygon concenlra-
lions and temperasures were measured frequeslly
(usually at Iexnt once per month between May ussd
Gclober( as selected siseu and under meteorologicol
and hydrological conditions which were us varied
us possible. Also. several locations wnre mvoi-
bred 01 each Oile in nrder In determine she degree
of within-silo sonialion. Thin initial phase of in-
tensive and frequent sampling at some sites clearly
established thus extremes of mm dissolved osygen
concenlostioon and high temperatures consistently
ocenrced in midsummer (late Jano lhrnsgh early
September) on worm, moslly sunny days (air tom-
perabures above 29*C) following enbended perinds
of minimum or no flow in the streams.

At Ike demaioing oiled, aod al all silos in 1988

und 1909. phynicnckemieal menibnring man con-

ducted when Ihose ouleeme meteorological and hy-
drological cooditions occurred. Although dis-

solved oxygen aud lrmperutsre measoremeats
were often mudeal other times, only dola from the
stoc or Iwo doses per year per silo when extreme
rondiliuns prcsoiled wore used in thin analysis. All
the sites in she same douinage basin were moni-
bnmod en the some day. has difforossl drainages wore
monitored on different dsys. Sites were sisisod fse-
qoensly skrnsgkoos the spring, summer, and fall.
which onaktgd us Its observe okee streamfiow ci-
therceusod or man exceptionally leo. Once stream-
flows suhnidod to what me enpecsed so ho their
lowest levels of Ike vummoL or monitoced ceo-
disions in ouch of the drainages oven the follnwing
2 weeks. At mvst silos in most yoams, measure-
Otonln were repeatod later in Iho somtaor if low-
flow or on-flew conditions persisseti. Monitoriug
was scheduled only when weather condilions mere
mossly sunny and muuimam aim temperatures were
between 29 and 33eC

Dissolved oxygen concentrations and tempers-
tunes wore neeusssred with s polarogrophic Oxygrlt
meter calibrated al the beginning of euch day hy

.~ --.- -.-~.---
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Taas.e I —Dissolved oxygen minima, tempeeansne maaima. sod suteeseon indes vsluoa for study sites gmsped by
mginn ned by Inegisodinsl position ia nanums. Physicookemisat values ond tolerance iedos ystoes given ace osmngsn
fur the 3—4-yeaready period; minimum and maaimom values oceseetnu in thin pedod are also given for tolerance iodnn
naiaes.

Mean

naco,, laiO akkenotssi,.op
0 statistic

sees
0

thai

Mess teo~ Bspasia

oinbnsns masimsm tstmaocn loden
twos-s Cd Moan ttae

5
o

itypcsheeeia
tstoaooo mdcc

Meso Raoee

Fealfle apetoeasn 8resap
Middte Path arit 04oo IMP II snu n_os 24,6 0.09 0.64—6.77 37.5 303—37.6
T,to (Seek ff1 is t.nno 2.90 273 0.84 0.09—0.09 as.e 363—37.0
eathom Csook leL II 1308 299 23.9 054 0.67-0.83 379 36.6—37.4
Onao Creek iRe II 000 1.05 24.7 0.79 0.64—0.sS 70.0 36.0—37.7

Sonsts Smack Pies Creek IFC II 1,200 LOS 20.3 0.65 0.63—0.71 37.1 20.9-37.4
cheap acreage Inn 23.0 0.73 30.0

Prairiedsnnsbeeam group
Middb Posh Sell emonm IMP 2) 0,600 3.40 26.8 0.90 0.78—ton 36.6 36.4—27.2
Middle Fmsh Sail niom IMPS) 4,000 2.23 25.4 0.04 0.73-9.95 36.0 36.4—37.2
Sinkers Crock t~L21 7.990 2.so 2.5.6 0.00 0.08—lot 35.5 76.2—57.5
Gecsp asnono 238 23.0 0.07 76.0

Dark Ponder apatornsn nroop
Opting Poth Ceeok laP I) 2.200 3.00 26.8 0.90 0.11—0.99 36.6 36.4—36.9
GeeseCreek ICIl II 1,500 241 26.1 0.00 0.01—0.67 366 3n2—3s.n
Beenys Creek lOt II 2,101 3.46 307 0.94 0.02—1.04 36.6 36.4—37.0
Geop avenge 3.23 27.9 0.89 30.0

Geork nsrdw danestreans goesap
Bess Cerek IRE 21 3.000 4.01 27.0 nsa 0.52—I .116 36.5 36.2—36.9
Spring Posh Cneek ISP 21 7.700 3.11 30.1 0.99 0,95—1,119 36.5 354_35~
Socib Seasick P1st Creek IPC 21 sian 4.34 38.1 0.95 0.83—1.00 36.3 36.2—36.6
Gmsp ucssage 435 204 0.~1 36.7 .

Osodo Frisk (OP II 3.500 4.00 24.3 1.10 1.56-1.17 30.a 33.3-35.2
005cm Cerok ISV II 3.0101 4.47 9.6 0.83 0.78—08~ 30.3 35.O—3ft.3
Group aseesee 4.60 229 0.06 36.1

Gesek deseneloeam gmsnp
wools Pork (OP 21 7,300 5.97 26.0 1.20 1.13—1.26 36.1 3t.s—3k.5
OoaeneCreek ISV 21 , 11.200 4.37 36.6 1.18 .13-1.21 36.5 31.9-36.1
Gnspacossgc 3.17 25.6 1.19 36.0

Sites en streams with more lao ceo site are nsmkmnd oeooncaeisets fore speesosot a ,tsocaeeaot t:,casiwt.

the air saluration method. Monibomiog slsoted at ogre averoged and used us an index of extreme
dame and continued aetil slreums mere mostly conditions us the site on the day Ihoy were mon~
shaded in bale afternoon, and woasoromenbs more ibocod. When ostremes wore monilored more Ihun
made 01 apprux/msse)y 90-win ielervulo. Daring once per yenr, these average doily enlromon were
no’flow periods, conditions often suried from Ic- averaged to give on indea for the silo in a giVes
curios so localion within a silo, nod pools worn year The yearly aserogos for each Silo were further
ofbon stratified, Than Iwo or three locations with averaged to give mdcc volues of the lypical win-
typical conditions were monitored pen silo, sod imom dissolved onygen concentration (DG~~

5
(

separate resdiogo were lakes within 10 cm of the and maximum tempomolsre (Tmsnl for each of Ike
slmeaw surface end 10cm from the kolxow when- 10 siseS,
05cr strotified conditions were found. Fish collection—We ssmpled fink in she apring

Only she lowest dissolved oxygen enOcoolfation (April—May) und foIl (Seplembem—Odbnber) of each
and highesl tempeeoture mocoeded ot each of the year Sites were subdivided into segments appros-
neserul locutions ond alcato monitored at each silo iwately 25 m long, ond block nell were used to
during cock duy oeee used in this analysit. These isolate ouch sogment. Segments were seiued milk

minimans or monimunt salons from all locations a variety of minnow semen, depending on Ike

8HVOIC0C0BMICAL INPLUeNCO5 GM FISH AxxnMeLibGex

width and Shape of Ihe segment. Slmetched mesh no meaningful effect on reaulta. Untested species
siren were leun than I cm. Riffles wore oumpled made up less thun 8% of the aSsemblages at 17 of
by kick~teining fish mb nets unehorod aecons the the IS xite.s. By nuhntiteting different specieS Id-
boltom of the cifte. We made three seine sweeps eraece Values, we foaod shnl untested species had
pee negmnee. and Ike fish captured in each sweep no effeeb on the rankings of tolerance indes saloon
were recorded sopurately. Fink were identified to when they eoestitosed less skae 10% of the oases’
species (Fflingem 1975), measured fur length, sod plod assemblages. Howovnm. at one site bopslrnam
released. Beosec Creek). tolerance index salam may be no-

Fish inc/rice—TO rowpennule for specios-selee- reliable becssae of eceeptionolly high freqoencies
live gear bios, we corrected the oumher caught fee nsf one untested species. the Ozark sculpso.
each species us each site by efficiency-of-capture Sites were classed ieso sin stream gmups: up’
coefficients estimated from depletion eaten over the stream and downstream sites in each of the three
three succesSive Seine OweOp5. Depletion rates regions. Site and group means were calculated for
were first eslimssed for each species in each sng- msutmom dsssotvod osygee f~

0
mint values, mao-

mont sampled (GeLury 1947; Zippin 1958) then swum lempcrasofe (Tmae) values, and for hypoxia
averaged for all the oegmonlx and somples from and hypertheemia tolerance indsros. Cormelalion
siles of similar rize and morphology. Geplotion coeffirtests (Steel and Tonrse 1980) were used 10
rates were converted to efficiency coefficionte, and test relationships among these loan physsrorhem-
sho nambor of fish cuptarod for oszh species as icul and bsotsc eden vuluen. Mean solues for
ouch she won mulniplind by she ioseoso of this do- gooups were compared withoat stalistiesl tests of
efficient. For example. we found thut in npstreom significance because of she Ismitod sample size pee
Prairie silos, three seine sweeps cuptared, ~ an- group and unbalanced dcsigo. Temporal changes
oruge, 37% of the johnny darters and 07% of Iho were ssnnssnd by comparseg site means and group
golden shiners (scieulifiz names are gisen in the means for drought yours 11988 and 1969) aod non-
appendix). Numbers esught for each species were dnooght years (1987 and (990).
divided by 0 37 and 0.S7, mnspedlisely. lo eom- Ordiofirissn ottsslysi.s.—In the second step in the
pnooole for diffemencen in capture efficioncy. These analysts. we used dotreeded cnrronpondenre anal’

s corrected numbers were then conserbed In melulive yess (DCA) bo ordinate cpocien frequency lists
skondonco (species frequency) mt/males for all from the It stIes. Mean fmequencses from the 3—4
species captured alIke nile. These frequnocies are years of nompling mere used in the ondisulion, and
listed in she uppendin. results were calculated by the composer program

Relative freqonnc/es of tolerant and intolerant CANOCO lsemBcual. 1908). Ordtnatsno g000raled
species in eoeh common/by were expressed by Ike a net of a- and y-coordinotes, or an/s ncoros. for

hyponio odes and the hypemthromiu inden. An ° ouch silo sack Ihat assemblages wilh very similar
den same for a site woo calcslated by assigning o eomposslsons plotted closely sogethee and dissiw-
tolerance vulue to cock spccies—the wean crilical ibm assemblages plotted farshoc apart lGaoch 982.
diosolsod oxygen conceetmodon or temperature Aossin 1985). Grdssatton reduces a large maIns
from osr lahorasory lests (I/sled/n Ike appendix)— of frequency-ky-sample meanuremonls to a mock.
sod molliplying /1 by she frequency of occarrence mnro snunageuhle sob ef coordinates, whtrh ran
(ass decimul fmuction) for shut species. Those prod- then he analyzed 10 rotation 1st ensseosmental gra~
ucss were then summed (cm all species present ~ dteols of tosenosl IlemBruak 1987).

We calculated linear regression eqaalions for rr-
the sste. In offedl. Ike indeo salac represented an (alionships between ordinal/on anis scores and
eslimuso of the criticol dissolved onygon eoncon-

stroow GO,
5

m
5

sod T
5555

values. Nonstgnsficaol
irasiossor Iemperatcrn for tho average fish in each correlasionc memo discarded, and significant rela~

sionshipn were used to build a deseriplise model
We made lsboralomy solenoneemeasumemenbs for shot predicted ordinusion coordinates, an ropers’only 35 of she St species capburod daring lhss field s/no of contmunisy composition.. from t)Otc,n 55d

slody. In culcalating the indices. we osoumed that Twan salons.Ihono untested species were overage in their tol-
erance so hypoxia sod hypnmthomm/u, und we nub- Boults
stitnsed means of all measured species tolerance Stream Oxygen Mieiws and
solsen for these unknown salons. In mont canon, Ternperostare Moziosa
these onteoted species cOnslitused such a smoll por- Silo means for GG,

0~5
values ranged from 0.8

lion of she community thaI this subotilutinn had Id 6.0 mg/L, and moons for Tm,n values ranged
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Tons,e 2.—Comelsiien coeffieiensa (r) foe ertetianehipe
between n/to dra/nage sanee. pkynicoshnmieel saniaklns,
and soleosare indou salons; s/to means were send for each
sanishle. Signifiroos comnlabium ore marked with on 5.n.
tednk (df Ifi. P160.01).

Mess
Mess lees-
die’ pore. Hyponia

eoleed tarn toter’
Sue serene snsai. 5500

thdnete nmninia mm mites
Vsaisktn ons IDGoisI ff

50
1 nslana

Mean diseotood osygon
minima IDGesel 0.77’

Meas ienspnoalasn masima
l1’,,~,l 0.51 0.27

Hypeais solersern irden
saleoe 0.77’ 0.05’ 0.37

Hppeokemme rolreercs
icons sOusa 553~ U.t3’ 0.02 0.07’

Gedinadon c-asia ecsno 0.07W o.2a
Gedinatico y.uoie scene 099 0.70

from 19.6 so 30.7°C.Gionolved onygon us low on
0.0 mgfL and bempnmstares as high as 40°Cwere
foond at come locations. Silo moans for

00
min

memo poorly cooreboted (r so 0.25, P > 0.051 with
wean Tmen values (Takbe 2). This noon-indepen-
dence indicated shot the warmest sines wore nob
necossarily Ike moat kyposie sites, nor wore cooler
sites bettor onygenaled.

There were lsmgo differences in GOmin saloon
bosweon regions and between upstream and down-
stream silos. Oxygen winiws mere lowest in Prai-
rie silos, intermedislo itt Ozark Border sites, oud
highest in Ozark silos (Table I). regiosul means
differing by 1.3—2.8 mgIL. Values for DOmin were
also 0.5—1.3 wg/L higher at downnbmeom silos in
all three regions. Site mean DOmin values were
positively correlated (r O,77, Pm 0.01) w/th the
drainuge areas of the sites (Table 2), which nd/-
outed a generel trend of increasing oxygen levels
m/lk inemoasing utresm size across all three
regions.

Regional and bongitodisol differences in rite
meao T~

00
values were not as consistent an for

DOmin values, Tempemsbunes wore warmest in
Ozark Border s/leo, which aseraged 2.9—5.fi’C
wormer than Pro/rio ond Ozark upstream sites and
2.d~b,s’Cwaomer Ihon Prairie and Ozark down-
stream sites. One upstream Ozark site was spring
fed and remained asypiesily cool, bob T~

05
values

for the three olhor Ozark sites were actually slight-
ly warmer Ihon for moss Prairie sites. Monimom
lemperosuros also wore 0.5—4.6°Chighom at down-
stmoum than as opssrosm sites in all three negicns.

Silo moan Tmso values were mildly correlated (r

= 0.31, P > 0,05) with site druinage areas. Oen-
erolly, Tmss values tended In vary msme with in-
dividual nile characteristics. part/enlanly Ihe de-
gmee of riponian shading, and were nob as strongly
patterned with reg/onal or longitudinal differences,

Drought in the summers of 1980 and 1909 en-
sulsod in inemoaaod hypoxis and hyporthermia Ins-
els in Prairie and Ozark Border sites. Because
droaghls were not an intense en prolonged in Ike
Ozark Region (NOAA 19901 and Ocark stream-
flow persiuted lhroaghoot the study, mc ignpood
tompomol changes at she four Ocork s/sos, Ssroom-
flow ceased for enteusise periods during 1988 sod
1989 as all non-Ozark sites; in the more normal
years of I907 and 1990, enbeoded en-tow periods
wore limited so the apstream Prairie and some up-
stream Ozurk Border sites. Sbagnunt conditions
from low flows resulted in deemeosns in DOmis
values during 1980—1989, which asorogod (row
0.3 to 1.4 mg/L lower shun averages for 1907 ond
1990 (Figure 2). Temperatures were also higher
daring 1980—1909, with Tman values averaging
1.1—2.1°Chigher Ihan in nondrought years (Figaro
2). Generally, temporal changes /5 DOmie values
weeo smaller in mugs/lade than a/shoe regional or
longitudinal differences, hal temporul changes in
Tmsn salons were of comparable magnitude to geo-
graphical differences.

/sd/cea of !dypoS/a and Hypertlsennia

Mean hyponia loden values (Table I) rungod
from 0.69 to 1.20. a difference of 0.51, and hy-
perlhermia index values ranged fnom 35,90 Ia
37.13, a diffeecoco of 1.15. Across Ihe 18 s/ten as

whole, there was a osrang rolut/unokip between
hyponia mdcc values and stream DO~m

5
values

(F’tgsme 3). Silo moons mere nign/fleuntly correlat-
ed (r ° 0.85, P 16 0.01), wh/ch indicoted thaI
much higher proport/on of hypnx/s-tolenoet Spe-
cies occurred at silos w/th Ike Inweal

00
mi5 values

and shot higher propentions of senoitise .specieo
ozcsrrod at the well-oxygestused silen. Esen within
each of the three regional groups, where thorn was
much less contrast in

ta0
nin 000dili005, hy-

poe/a indon soluno were positively zormelssed with
DOmmn levels.

Hypemthorm/a index values son/ed independent-
ly of Tm,n values (r so 0.02, P > 0.05; Figure 3).
The highest freqoenc/es of hyperthermia-tolerons
species did not occar alIke warmonl s/tes, nor were
sensitive species relosisely more ahondunt at cool-
ersites. When sites warn grouped by regioss. hy-
peexlterw/o iodoc values wore negatively cormolat-
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ed so/lb Tmss raIses wilhin oil three groups, which
isdicaled a trend of increased frequencies of by-
pamlhemmio-aanoilise species at warmer sites. This
Imand was contrary (a expeelalions.

There were strong and cans/steel differences in
hypoxia index values helwenn regions ond be-
tween upstreow ood downsbream s/tes in all
regions. At upstream silos, hyponia volses were
lower in the Prairie region (indicat/ng morn tol-
erant species) than in Ike Ozark Border sod Ozark
neginjss by magnisudes of 0.14 and 0.22. renpoc-
tisely, Al downstream sites, tolerances in Ike Prai-
rie region averaged 0.10 ond 0.32 lower than in
Ihe Ozark Border and Ozark regions. Increased
frequencies of hypoxia.tobomanl species were
found at upstream shun 01 dawnslream s/ten: as-
erogo d/fferences in hyponia values between ap-
stream and downstream groups wore 0,07—0.22.
Site moos hypox/a /odea values were also pnsi-
lively correlated (m = 0.77. P 16 0.01) wilh silo
drainage areas, wh/ch indicated a general /ncrease
in she freqoexcies of sensisiso species with larger
stream sizes across the lhroe regions. These re-
gional and longitodinal diffenescas in hyponis in-
dex values were cancordunb wish differences in
00

min values.
Theme wore also distinct regional and longitu-

dinal differences in hypes-therm/a inden values, bus
Ihose diffanencos wore discordant wish she pattern
of differences in stream Tmas values. Much higher
fnaqeenc/es of hyparthormia-tolomonl spec/es oc-
curred at Prairie than as Ozark sites, oven Ihoogh
Tmae salons differed lithe besmoen these regions.
Nyporlhenmia index saloon wore insenmed/ale 01

Ike manmesl Ozomk Border region silos. At up-
stream sites, hyperthormia values in the Prair/e
region averaged 0.33 and 0.80 higher than values
in the Ozark Border and Ozark regions, and 01

downstream sites, tolerances in she Pro/rio region
averaged 0.30 and 0.78 h/gher Ihon sutaos in Ike
Ozark Border and Ozark regions. Higher hypon-
Ihermis values were also found 05 opsbream s/len
than at dowoslmeam silos io all three regions. Iho
difference ranging from 0.07 to 0.10. S/se moon
hypenthemmia index volses wore aegulivaly cor-
related Ic = —0,63, P 16 0.05) wilh drainage areas.
Even though temperatures tended In /ncrease with
stream size, downstream assemblages more ado-
ally morn reesisise so hyporthermis.

Allbsogh hypzrlhnrw/u /ndex voices memo in-
dependenl of monimum temperatures, they more
ssmongly correlated with s/be mean DOin salons
(r = 0.85, P 16 0.05) and wish site moan hypoxia
mdcc values /r = 0.07, P 16 0.03). Additionally,

the highest hypemlkerwio inden values occurred in
stream groapa with she lowesl DDmin values rather
shun in stream groups with highest Tmao saloon.
On the whole, lhc highcsl freqltencien of both hyp-
ooia- and hyperlhormia-solenant species were
found at the most hyposic silos, and spec/os sen-
sitive In cuber factor were moss frequent al well-
osygenoled rather than 01 cool silos, Hyponia val-
ues were poorly correlated with silo Tmse values
(r = ‘0.3S, P > 0.051, which indicaled that tharo
was no eamplnmentary relationship whereby hyp-
oxia values ware infioenzod by lempenstured.

in the non-Ozark s/tan. cansiolent incmesses oc-
curred in hygsxio index values, hal not in hypor-
therm/a values, is response Is the homshem physi-
cochamical conditions brought about by drought
(Figure 21. Hypoxia indices in drought yosms us-
emagod fmom 0.02 (upstream Prairie) 100.07 (down-
stream Onark Border) lower in 1908—1989 samples
than in 1987 und 1990 somplos. Allhough tamponal
changos wore smaller/n mugnitade Ihan googmuph-
icol differences, thoy were eonsislaOt. Decreased
hypoxia index values occurred is sib four groups
(Figure 2) and as nIl 14 of She nen-Ozurk sites,
which differed significantly (cki-uqsume test. P 16

0.03) from tke 50:50 rat/o expected by chance. Os
the other band, there was I/tIle uv000ge difference
is hypothermia saloon belm000 droughl-yesr and
000droaghl-yoar samples. Allkoagh hyperthenmia
indos values Ouzloosed somowbal from year to
your. Ihore was no olnady trend of ioen005e (Figsme
2) in any group, snd dnoughl-yoar saloon were
higher than nondrougkt-yenr values ub only 9 of
Ike 14 s/Ins /eh/-sqsaro, P >0.101. In gonamul. the
overall uhueduece of fishrs as all sites declined
during Ihe droughts. Hypoxia-tolerant species
were less affected than sonnilive species, and by-
pomshcmmio-iolemanb species were ne/ther selective-
ly favored nor disfosomod.

Ordiossisso Aoulvnis

The DCA cmdinalion coordinosos for Ihe IS spe-
cies composition lists (Figure 41 showed a nbmoog
segmegal/On along Ihe x-an/s so/bk Prairie sites to
Ike lafI, Ozark Border s/los oean the middle, and
Ozark sites to Iha right of the diagram. A second-
ary segregation slung the y-ocis occurred only
among she fosm Oaark s/tes; y-snis scores for the
abhor two regions were virtually uniform. Assem-
blages from some silas Sbus ware a considerable
geogmophie dislanee aparl ordinased closoly to-
gether, and some geographically neighboring s/los
ordinsled fan oporl. which indicoled shut similarity

350

so 200.
0

0
0

lao
C)
0)m

20,0

ad-a

C)

‘C

FIRST ORDINA11ON AXIS
o tm 200 300 dOO mo

o Reside opsieeuet
e Pm/Se doanseeom
o Gush border upovaam A
• Goaslsborderdossnsteenm
A Goadscpslrmam
£ Goadsduwnnaeam

. A

- La

t.0 2.0 2.0 5.5 n.e s.n
DISSOLVED OXYGEN MINIMA ( mg - L’

t
)

Pisoas d.—Desmrndod coreenpondosce analysis scares for rpamien-fnnquency data useroged ova the duration of
iha study feom she It s/ten. The top and lefi as/n ssabeu are she vnigioal med/noliss scorer. The bottom and tighr
so/s scales urn streom dissolved asygen minima and temperature masima. calculated from she rennoasios eqoat/oss
rebating au/s scorer 10 each physiencheni/col sam/able.

25.0

in spec/os compos/tion was not a simple function
of dislanco between sites.

Fish assombluges from kyponic s/Ins ordinatod
In the far left is P/game 4, and asoomblagos from
wore oxygonuled s/lee end/noted In the might. The
a-ax/s scores wore stmougly corrolased (r = 0.85,
P160.05) milk silo DOmin valnor (Table 2). which
indicalod a strong nh/fl in spec/cs composition
along the grad/ens from lxw to high m/n/mum ox-
ygeo leNds. The x-usio scones worm therefore do-

scm/bed hy the nogmess/on oqsasion

a-axis = — 108 + 94.4)Df)un).

negated strongly along Ike y-anis in robalion 101cm-
poratuno max/mo, These silos segregated isIs a
enolsoasom silO at Ike sop of she d/agram and Wanw~
maser sites toward the bottom. For she foen Ozark
s/ten, y-axis scones wane slrongly correlated wish
Tmss values (r = 0.99, P 16 0.0)1: Ihus, scones
cosbd he descr/bed by She regression oqootion

yasin 1.306 — 49.4(Tmaol.

The effecs of bk/s equal/on in shown in P/gore 4
as a osbsbitalicn of a woninsuni lomporotume gra-
dient fan the omig/ool y-axis scale, hot this poetic-
slam substitution spplied only to Ozark aosnns-
htagos.

Those relationships brtwooo site ondistatios avis
scones and site

00
ivin and Twas valaes revolted in

simple twit-step model for predizb/ng hoth n-as/n
and y-an/s coord/nates from she two ensimoomonlal
vamiobbos.

Slop ) x.anis = — 00 +
9

d.dlDOmivI.

Stop 2: y-ocsn = 101

if
0

Omis < 4 mg/I..: or

y-asin = .306 — 49.4)Tms,l

/fDO~=
0

>5 mg/L.

The offodl of Ihis regress/on equation is shown is
Figure 4 on a simple sobas/lution of a DO/r gnu-
diens foe Ike original ordination a-axis valuer.

For the IS silos as a whole, y-anis scores were
modemuleby correlated (r = 0.58, P > 0.05) with

s/In Tmas values hot not with
00

mmn voIces. Bos
when we considered Ike 14 non-Ozark s/tes sop-
arotely from the Ozunk sites, theme wan almoss no
van/al/on in y-an/s scores. Thus, for these 45/los.

y-osis scones could ha described by thm moan vol.
ae:y-os/s = tOl.Al the non-Ozark sites, malabively
cool and warm sites ordinosed closely together;
thereforo, there was no relationsh/p hotweoo Tmos
voloen aud ordination scorer on e/ther us/i.

Considered sepamusely, the four Ozunk ailes seg-
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The simplest intonprebotion of skis model is that
n/los segregated pm/warily in relation to the degree
of hypasio. At sovere to moderule levels of hyp-
oxia, when

00
min vahtea wece less (han 4—5 mgI

L, communities sum/ed in rclolion to oxygen min-
ima bus not to Tmes values or any oshon variable.
Variation in domponibion of the fish ossewbbogen,
an cxptossnd by she ondinss/os caocdisoses, oc-
curred independently of DOmin values only in
these few Ozark S/sos where severe to moderate
hypoxia was absent. In these few s/1c5. 055cm-
bloges appeared to vary in relation to maximum
lempomasares.

Discussion

Several lines of evidence suggest Ihat hypoxia
exerted a major effect on fish assemblages-in small
hoodwascn streams. The strong correlation between
hypox/a index valuet and stream oxygen win/nsa
cleanly indicated that Ike relative frequency of kyp-
oxia-lolomonI sped/es increased aa stream DOmie
values decreused. Freqoane/es of hyposio-bolarant
species also increased at all non-Ozark silos when
drought induced wore onIonS/se kyposia. We ulso
found clean snd concondsel geographical pubtemns
is osygen min/ma and hyposia tolerance index
voloos such that Ike moss sesone hypes/a ond the
most tolemast assemblages were found at npslmeam
and ab Pro/rio region sites, Oeogmsph/cul varial/aa
in physicazhomical conditions is considered a
probable /nfloeszo on koth the long/Isdinul as-
nut/on of stream fishes and Iheir long-bmw zoo-
geographic distributions (Scklosson 1987; Mul-
thews 1987). and mesulbs from our slsdy support
this cssons/on. Moss of the exceps/aoally hypoxia-
saberanl spec/os io this stady are common in Prairie
mogion stmeostss; sho most sensitive spec/es ore me-
nlmieled 10 Ozork and Ozork Bonder streams (Pflio-
ger 1975). This regional dislnibsms/oa of taborons
and sensitive spec/as also suggests thaI nelobisely
severn hyposio has hens c pensisseol und endomic
ckanaelenist/c of Pro/rio rag/on ssneuws.

The DCA and/sat/os analys/s prov/ded Addi-
tional ev/dence shot species composiliou was
strongly influenced by oxygen minima undee the
mango of conditions encompassed by this study.
Sites w/sh s/m/lar DO~~

5
values soppansed assem-

blages with s/milar spec/os eomposil/055. 00 Cs-
pressed by ordinal/an coamdinasns. regardless of
their geograph/cal local/on em temperature moxi-
ma. S/len so/lb differool DOmin values suppamsad
dissimilar usrnmklugoa even when sites were iu
close geographical pros/wily or differed markedly
in lompomalamn maxima, By itself, th/s osnoziasion

between species composition and oxygen min/ma
could be span/aus. Bal the ordination model soon
ssppsmsed by concurrent shifts in hypoxia index
acoceS ihat showed Iha( the fneqseeciel of (olefaltI
and sensitive species responded to oxygen win/wa.
Is seems veny unlikely Shot sack strong shifts in
both Ihe compositions of assemblages and Iho to!-
occecos of their members would bx caused by any
factor other than hypox/a.

We did nol /ovesligste she spec/fic mochooixmx
hy wh/ch hypnnio /nfluenced lhcsa assemblages.
is tho Iuboeasony, hypoxia was not lethal so any
spec/es when dissolved osyges was ohovo 1.6 mgI
L. Bet/s Iho held, DOnie valans /nfluenced sped/es
csmpnsisio/ls sp to oppeos/wulely 4—5 wglL.
which is s/muon to moeommended standards foe ox-
ygen win/mu in warwwolor sleesms bWelch and
Lisdeil 1992). Dissolved oxygen requirements for
long-term persistence of Slmaum fishes are typ/colly
much higher than those determined in bokomusory
somvivul lests (Moore 1942; Warren at ul, 1973;
Davis 1975), and lhnno is a need In understood why
this d/screpancy occurs. Prev/ous stadies (Ba/lay
1955; Tmawer 19771 showed that fish Iroppad in
pools w/th severe coed/l/ons oflen die in masses
doming brief I/we periods. Noweser, during this
slsdy, manever observed extens/ve fish kills, even
at the mass kyposic sites. Nong of oar obsamvut/ons
soggossed that direct spnc/es-nolactive mortal/by
wan the most comwon means by which hypoxia
influenced she compos/tions of tkeno assemblages.
We enpeet that oddit/osal invosligal/on mb she
effeeln of kyponbo on aeloclive emigration, habitat
selection, and ssppmossion of. growth and repmo-
does/an mighb bring underasonding of why spectes
ore oflon lens abandunl 01 hypoxio levels well
above the/n opparanl leIhol thresholds.

(n conlmast to oor field lost of kypsnio IcIer-
andes, Ike field lest of thn hypershemmia index was
nagot/ve. Nypnmshorwia indas scones mere not no-
bused so s/to Tm., vslues. nor wane themo any con-
cordant regional, longitudinal. or lempomal pat-
terns so shnsc two somiah(es, These eegalisO results
way hose occanned siwply because she in/b/al us-
suwpsion of cotnsssst colas/se species tolerances
under bobb lakomulony and field coed/I/aol was
fslse. However, oshnr rcsuUs. psesiculanly she or-
dinal/os modal, mndicused Ikas other factons were
impoesusl. Pot she 14 nas-Ocsrk sites, species
composition. us onpeansad by ordination eoomds-
sates, soss nab related to (emyctutono max/me,
Silos with disnimilur Tm.e saluos sometimes sup-
ported similar assemblages, asd d/ssimilar ossom-
blages wane found at sites with siwilor Twas sal-

non. Addilionally. hypenthemmia-sansisiso species
sack an wh/te tuckers mono common even at the
warmess sites, which implied Ihal the absonco of
shccn epeciex from mo9( c/boo eanno( ho oxplaised
on the basis of lemyoraluro max/mu. Thss, the best

oxplonntion for she oegal/vo (ens of the hypemshon-
mis index is Ihab assemblage compositions wore

nob, in most cases, affected by tempcratsrr man-
/wa.

The anty evidence son found shut fish eumpo-
s/tines responded to kyprmshermia war rngmegol/oo
of tho Oanrk fog/on S/Icr mb enolsonsor sansus

- wummsoatom assemblages. One snosually cool
Ozark s/so may hose ssypnrled a relatively unique

axsomhlogo for neurons other than bemperosnro.
The hyperthenmia indes volae for th/n eonlwuter
ansomblogo was s/milar to Ihosa fmow She warmer
Ozark sites. but we believe Ibis apparent d/ncmop-

ascy is an error zaaned by Ihe high pemeositogo of
untested spoeinn in 1k/s pars/color assemblage.
Ozark scalpins. which wore very abundant at thin
s/re. see probahly very sensitive to worm tempnr-
stunes (Pfliegen 1975). Sub, regardless of wheshor

temperature differences wore she actual caoae, she
well-osygenatad Ozork sites soame Ike only canes
whore s/lw wish sim/Ism oxygen minima sopponxod
varyiog asnemblogos.

Nypenbhommia iednv values were onilhen 00/-
form non mondom in She/n variabion among the itudy

sites; instead. shey were strongly correlated wibh
bosh DDmin and hypox/a /ndex vulnos. This false-
p65/live result occommod because several lasted spe-
cies wore 0/Ihor dually sensitive log.. bleedieg

shinemsl or daully tolemant (e.g.. green sonfish) of
bolb hyponia and hypershermia. Nigh fnoqseneias
of ailhar dually sons/I/so or dually bolenonI species
/0 assemblages resolled is corresponding changer

10 both she kyponia and hypenlhermia index values.
Thss, both indices mono affected by onygen m/o-

/wo, wh/ch masolted in a spar/ass relationship be-
ssosen 00m/n and hypenthammin mdcc vuluos. This

effect /0 0 posanbial problem /0 upply/og theso in-
dices hocosso the effects of hyporlhonmia on as-
semblages cannot nacossan/ly he distinguished
from the effects of hypoxia so/shout addisiosal
data.

The ord/nal/on model suggested Ihot spec/cs
compos/tions could be predicted from two simple
physicochemicul sarisblns and Ihal these son/ablcs
coold he predicted for olhen sites from spec/es fre-
quency measurements. The ordination model sop-
ported the tolerance index nasally by establish/ag
shot bolb ossomblage compositions and ossemn-
klogo tolemaneen mere influenced by she same van-

oblos. The modol also ind/colod that dl sites with
severe to moderate levels of hyposia. the offccs of
hyponia on species composit/on was dominant

oven the effeclx of hyporihcrmsu and that affects
of lemporatumo man/ma were enpnessod only when
ocygen mm/ba enceodod 4—5 mglL. Beidso this
mange, assemblages d/ffernd only whes osyges
minima differed, which indicated that other pa-
bent/al infisooces mane overwhelmed by she slnnn-
gee effects of hypos/o. Ahnse this mango. s/laS with
r/m/Ion noygen m/aimn hut dissimilar sempomasoro
msxiass suppnnsnsb varied assanshlagos. A follow-
up olody /5 needed shol compares assemblages os
a lsmges eumben of soell-nvygnoalod silos so/tb
varying tempenaturo mon/mo so confirm shot as-
semblages do cespond to hypenehnrmia in the oh.
nonco of severe to moderate hypoxia.

Hypoxia was sevens enough lit influcoce spec/ms
composition atoll hula few of sho 18 study sites.
wh/ch implied that Ibis died is common in small
slneaws of Missouri. Tho ontont to which stream
hypoxia is influnuced by agricullamo and is in need
of management attention in nob known. Allhough
organic malarial from both natural and agr/cultural
sources can daplole stream onygen. hyposio in
some eases may be a noburol feature of lb/s lypo
and size of stream to which fisk hove become
adopsed. The frequensly low onygen win/nsa at
many s/los wore largely on offecl of sbognant con-
ditions which prevailed during periods of I/Isle ne
no rtneamflow. Severe hyposia did not ocean iv
stnoanss wish panoisbenl flow.

Slmeom hydrolog/cal chucuesemirtics are infix-
oncad mostly by watenshod factors inch as dma/s-
age area, slope, soil permeability, and vegetative
coven. The slnoog long/tudinal and regional pal-
bcmning of osygeo minima and hypoxia index sul-
son wan probably an effect ef these factors. Man-
agement nf stream onygee bevels hecsose of their
potential ho affecb fish asseoshlages requires con-
sideration of such watershed foctons.

Ripxn/an shod/ag. the primary influence on low-
parolumo men/ma. was moch msne dopendesut vs
local factors, particularly she condition of rsponmas
segotss/oo at ench site. Tho soammess silos wore
Ihose with Ike least shade. and /ndisidxal peals
without shada soene wormer than adjacent shaded
pools. Thor. temponabure soon/ma wnmr not as
strongly gvogruph/cally patterned us onyges os/n’
into. Oxygen minima and temperature mat/wa
were controlled by diffocont factors, and this soon
reficcsod in bIte poor comneloliss botwaan Ihamn. Al-
though lnmporotura max/mo snsy be relatively
maoogeable lhnosgh efforts to impr050 locol ni-

r
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purian vegetation, results of this shady indicated
that such m000gdmenh in likely So nessll in a mar
sponse of the fish assemblage only in stnaums with-
001 severe hypoxia.
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Appoasdin: Collection Data
T.soLe A.l —Spec/so cmllecuad ai rock otndy site, so/sb Ike en/feet dissolved oeygno eoncosmssl/ons sod temparamorso

for rack spm/en ISmabe and Rakmoi 199)) aod the hequonc/en of aenarnonce (percent by namhne of fiehI of apecios am
each s/In. ‘limo fnmiysonciea g/oniu ate ssrtages over Ike 3—4-year study pen/cd. S/ta nhknreietu’ona are tinted in Tnkle I.
Dashes are sighs ga/des only.

. Sysoina
mman species

nnygescm/i/cel

Commom name Sciesoifie vnmn

cos~n. memnpen-

ImeJLl CCI hIP I
Sysoieufuoqseooy at Pu/do a/Ins:

III gL I 88 I PC I MF 2

Ginned ahad Dososcna oeyou/iemcso a b

Cvmmonasop Cypnsmamc’asyie •
Deldoeshivnn Ncmonie0000 cnyactesrw 0.70 36.8 12.2 0.3 21.6 12.7 arcs 4,8
Creek nhah Scnncshia assomiavatamoc 0.14 35.7 v.7 s.n 9,4 5.3 0.5 8.0
Nvsoyhead chub
Sachenncsih so/neon

Nwcmth kigsscnaa’t.5fi
PSomeveb/co n/mb/On

5.5.6
1.04 0.3

Soashem tndbmlly dsce Psoeimeaos’shvsowniom 0.74 35.9
Rsayfacnshienn
Sigirvush shines
5igsyr sb/see ‘

Nmiovc’m sokoflvm
Ncmrcy/c dsrecku
Ncssspfn kcojnu

1.49 35.3
1.02 ss.

a 6
564

Sasduhinem Ncisspiuumeoes’mocn 0.93 37.0 .
Omoehnetn sb/ens Ncimpfn isnsrsoiepcm • 6
Ooemk soisooso Ncssspi.nmcbdnn 1.43 36.2
RndOm shiner Lvtomsac ymmbeooi/o 1.17 35.2 0.4 5.5 3.7 4.0 5.1 6.9
Censoon sb/eon ceo/Inn ccnymci 0.97 35.7 — — — 0.3 0.1 —

Sndyrd uk/sen Dsc/iiss rhq.norephohic 1.03 39.2
alnnd/egab/eon I.tucilccecmavic 1.75 35.3
Rod abuser cype/melio iomrmsonfe 1)91 36.1 11.8 5.7 2.4 c 0.7
Olset!ioarm/mim,iw flmnrpsaleoomimmiso 1.04 36.6 — 4.2 St 0.6 — 2.5
Pashmad minnow Pismephaloa ps’..srlac 0.73 36.5 41.5 26.0 20.u 5.1 — h.4
Control .nmcmmrmtlnn Gmiwnvscro omusmioismei 0.95 37.2 5.1 0.5 1.1 2.6 0.t 4.1
Lnngrnnsiescvenoibrm Comneconcmnaohmsmtrriu a 0

whine euvkns Camvcn,sonn rcsonoeacni 0.98 34.9 0.1 — 1.0 4.0 5.4 1.5
Nonvsonhogsochns iflitnrsootSinmm/gnlromr 5
Getdvnnrdhaue Mccemscnaen’nmtsuwos —
Yellow hullhnad Amcicinma mcmoi/.n 0.49 37.9 5.2 0.2 0.1 0.2 16.1 0.9
Slsoh hsllhnad Ano/enu notou 1.15.. .30.1 0.1 — 0.7 — 1.2 n
Stnnmlsonadmcm Nticmuno/tlm 0.60 36.5
MosqsinoOek Gambia/a offim/a
alrbsdpe lore/snow Pamdolac mmcnamsu 0.88 38.3 — — 0.1 — — —

Eisohtyvtind nopnieeoso Famdoluuc cl/morris 0.68 38.8
Nemhnnnsmud6a/s Pamdoioaraiooativn a v

Ptsiss uopmsinsco Poodelsu ur/odjncu 0.92 37.0
Onvsknuionmmktnu zasidnaihecclceetis 39 36.0
Doath svolpiv Ccmwa 0,upcetiunmia 6
8so6 hana Asohlopiiom soyeaieic
Largenssomh haut Micsopmrnsn cstneldoo 0,70 35.3 — 0.1 u 0.7 0.0 —
Ssocilneonhhauu Mia’soesosocdcicasios 1.19 56.9
Given easish Letsonia vvssienso 0.65 37.9 34.2 12.4 22.5 22.7 24.5 fl.2
Duaogntponmvd moOch 0.oyvsoia Son/ho o.sS 39.4 4.4 — 0.3 — — 1,0
Longer aanOnk Loposolu monaoh,siu 0.68 37.8
Slsngdi
w’himecnoyp:o

Loran/a ners,vsisim
Pcsmeaia amocierk

0.06 37.9 —
• 6

.7 0.1 2.0 0.9 0.1

l,cgevsoh Peer/va m’apssdvn a 5

Johnny daoen eis000ieioe n/zncm 0.70 36.5 0.1 5.1 4.2 9.5 0.5 0.7
Dnnngnskcoei doont Esheoumenaeyersabfle 0.86 36,4 — — 2.4 37.2 0.5 0.1
Pesnait dastnm gmsrocnvurajhabetiose 0.90 30.0 0.1 — 0.1 ‘ — 0.2
Oninoedds’nrn gsyemcmvsoo ucmmio
Ruinhoudnonm Esseosmcmiasornnlescm 1.15 35.6
Gnenesidnduies gssreancnasioonucideo
Ssippind dacet ‘ Libroanemna esrnmotansn
All unmnamed apeciva 5.0 0.0 5.0 0.0 0.1 0.5
a Open/na kyposiu umlenanso wasno Inosot: ttsrenfnee, Ikeenrageonion fso all rated apee/en (0.93 mgil..) ama iuned is uatnsladog iedcn tulane.6

Spsoiso hypcuthmunsia ulenoce inns mom nnnncd: flzaefcnr, she nvnugr saw (coal mindepsoins l7kFC( own urea is natccbsdng dam sdsnn.
Spnoins am psosemi alibis s/se. bat at an anungernnqsenvy of less thsn 0.03%.

Taste A. I .—Fnuandnd.

.

Ccnsococesor

Opec/os
knqi:tnnysm
t
tm

ra/dn a/lou:

o,mPs ~k.2

Syrvmns fsoqsnnnyas
Geank sotdnn miles:

Spec/mu lunqsomn5ol
Geumb isles

sort rvi sort- nbc‘sF1 Cull net nn2 sF2 vCs

Giaaacdshad - ‘
Conmnn easy ‘ —

7.3 24.8 244 12.4 3.6 1.3 0.7 0.6 — — ‘ —

Crnehckuk
Hssoyknnduhah
Sscknwoyih so/snow
Smulhnmsodb000d
Rmnyrorcskinen

13.2 b_i

01 —

2.3 9.6 2.4 i.e co 4.4

I

— — —
Si — 0.5

1 549 01
11 .. 00

—

II

03ss
augsovods abject
Oinnpnshiscn

1.4 , ‘

—
— 0.1 — “

— 66
— 0.1 — ‘ — — —

—

—

Btesknomcshisom — — 5.0 ‘5 — 7 ‘ — —
4.7 — 15.1 IS’sGosnhn/neow

‘RedOs mhinen
Coesonc ehisen
So/pod shiner
Sleedingahinem
ned ak/cnn
Slunlnvarntimncw
Pamhnsd minnow
Consul stossoullnn
t.acgnsnalrulosnnollnn
yvhiu aunken
rlonknm hegnachen
Goldno oedhensn

10.4 27.2
— 0.3

12.4 5.3
1.0 1.2

10.1 .1
c.s 0.2

2.9 4.2

— —
3.5 5,3

22.1
2.7

0.1
0.5
‘
2.9

0.1

i

0.)
—

—

—
—
6.7

0.1

04

22.5 263
4.0 9.2

1.2 4.0
lbS 5.7

— ‘
3.5 5.9

01 0.1

—
0.2 0.4

17 I
4.5

0.0
11.1

-
2.2

02

02

25.1
0.4

10.2
53
—
1.7

0.3

03

— — —

— — —

0.4 1.1 6,7
40.9 0.2 76.5

— — —
— — 55
— ‘ —

167 14.2 It I
St — 1.2
— 0.1 0.1

0.2

— - —

—

—
156
lIt

—

‘

7 2
03
—

0.1

OlsnkhsOhncut 0.2 — 02
‘

—
—

‘ ‘ —

— 01
—

•

0.3

0.1
— — —

- — 0.1
-
‘

Menqa/umSnk
Slanhttdpninpso/nnsw
nlankspoondmopmi
Nnmhnuselad5tk
Plainnnopoisooso
nwokdlonusidrs
Gnaskncslyis

— ‘

— 4.6

— ‘ —

— —

—

—

3.0

—

‘

—

5

— 0.9

— — 8.9 ‘

02 — 1.0
5.0 — 72
3.4 — 0.7

— 06

0.7 10.2 ‘

1.2
5.0
‘

11.8
0.1

Rsokbaca
t,aagesoysnkkaas 0.1 09 07 0,2 0.5 05

0.5
03 07 — — ‘

Li
‘

05Smsacnosihnson
Drone aav

5
nli

— —
1031 10.1 9.0 0.4 t.i 3.7 2.3 2.0 0.1 - 57 01

Grangespeont ssn5sh
Lcvgnaovsefiuh
nlungot
while macpin
Lcgpnech
IohnnydaOcn
Gnoognnhsont dacnn
Period aaont

3.6 0.3
— —

— 2.4
0.5 1.0
— —
5.1 1.6
0.1 5.5
— 0.2

—
—
1.9
—

—
1.9

20.6
—

—
0.9
0.1
—

..
fii.t
0.1

— —
09 —
0.9 2.1
‘ 01
‘ —
00 1.1

27 2 24.9
— 1.3

00
1.4
5.7
‘
0.1
Ii

40.2
—

01
‘
I

11.1
0.1
24

34 I
—

— ‘ —
— — 02

.5’’ 0.)
— —

— — —
— — -

5.2 10.7 0 I
.4 02 0.1

‘
0.6
‘
.

‘
.

14.2
0.3

aamdnddaOnn ‘
2.7 0.3 2.7 9.2damon

Dnoecn/dedunnc
Smipyteddaonn

— 01

‘ 02
iii
‘

Alt ysneated specins 0.5 1.1 0.0 0.1 7.6 6,7 1.4 0.3 4.5 18.2 77 4.4




