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CE~VED

CLERK’S OFFICE

BEFORE THE ILLINOIS POLLUTION CONTROL BOARD j~j~~r 2004

IN THE MATTER OF: ) STATE OF ILLiNOIS) PQIj~t~onControl board

PROPOSEDAMENDMENTS TO ) R 04-25
DISSOLVED OXYGEN STANDARD )
35 Iii. Adm. Code302.206 )

WRITTEN TESTIMONY OF DR. JAMES E. GARVEY
FISHERIES AND ILLINOIS AQUACULTURE CENTER

SOUTHERN ILLINOIS UNIVERSITY, CARBONDALE, ILLINOIS

I amDr. JamesGarvey,AssistantProfessorin theFisheriesandIllinois

AquacultureCenterat SouthernIllinois University in Carbondale.I havebeenengaged

by theIllinois Associationof WastewaterAgencies(IAWA), alongwith my colleague,

Dr. Matt Whiles,to scientificallyevaluatethecurrentStateofIllinois dissolvedoxygen

standardandto providerecommendationsabouthow theIllinois standardmight be

revisedandupdated,if warrantedby ourscientificevaluation.

BothDr. WhilesandI arebroadlytrainedin aquaticecology. My specialtyis the

ecologyoffishes,with muchofmy researchfocusingon how environmentalconditions

affect fish physiology,abundance,anddistribution. My ShortCurriculumVita hasbeen

submittedasIAWA’s Exhibit 5. Dr. Whiles,aprofessorin theDepartmentofZoology,

is anexperton theecologyofaquaticinvertebratesandtheirrole in streamsandlakes.

HisResumehasbeensubmittedasIAWA’s Exhibit 6. Our combinedexperience

qualifiedusto providean objectiveassessmentofthecurrentstateofknowledgeabout

how dissolvedoxygenaffectsaquaticorganismsandto evaluatethecurrentstatewide,

one-dayminimumstandardof 5 mgIL. We did not intensivelyevaluatetheapplicationof

thestatestandardsto Lake Michigan,andJAWA hasnotproposedto revisethat standard.



Dr. WhilesandI beganourassessmentby reviewingpublished,typically peer-reviewed

researchonhow dissolvedoxygenaffectsaquaticorganismsandhow dissolvedoxygen

variesin lakesandstreams.We also reviewedtheNationalAmbientWaterQuality

CriteriaDocumentfor DissolvedOxygen(NCD) publishedby theUnitedStates

EnvironmentalProtectionAgency(USEPA)in 1986,andsubmittedasIAWA’s Exhibit
In the final report,Dr. WhilesandI emphasizethat usingbiological-and habitat-

2. We evaluatedthecurrentmonitoringofwaterquality in Illinois andconferredwith
qualitycriteriato evaluatesuitability for aquaticlife usein thesurfacewatersofIllinois
Illinois EPA concerningthescientificbasisfor thecurrentIllinois dissolvedoxygen
is ofparamountimportanceandshouldbecontinuedto beemphasizedin monitoring
standard.We thenpreparedawritten reportof ourfindings,which is submittedasIAWA
programs.It is unlikely that anyonewaterqualityparametersuchasdissolvedoxygen
Exhibit 1.
concentrationwill capturethecapacityofastreamorlaketo supportaquaticlife.

Althoughourrecommendeddissolvedoxygenstandardsaresufficientlyprotectiveof

aquaticlife in Illinois, werecommendthatregulatorsstrive to maintaindissolvedoxygen

concentrationswell abovetheseminimawhenpossible.We agreewith theconcerns

voicedby somecolleaguesthatthestateshouldmovetowardaregion-specificsetof

water-qualitycriteriaandaquaticlife goals,althoughcomprehensiveregionaldatato

guidethesedecisionsfor Illinois arenot yetavailable.

As theNCD suggests,dissolvedoxygenconcentrationsin lakesandstreams

fluctuatediurnally. Duringwarm,summermonths,dissolvedoxygenconcentrations

declinedueto water’sreducedcapacityto hold oxygenatelevatedtemperaturesandthe

high respiratorydemandofaquaticcommunities. A singledissolvedoxygenstandard

suchasthat in Illinois doesnot realisticallycapturethesediurnalandseasonal

fluctuations. Althoughcomprehensivesurfacewaterdataarelacking forthe state,many

pristineaquaticsystemslargelyunaffectedby agricuitural~run-offormunicipal
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dischargesmostlikely experienceoccasional,non-lethaldeclinesin dissolvedoxygen

below thestate’scurrentminimumof5 mgIL.

Ourrecommendationsin thereportincludeseasonallyappropriatemeansand

minimathatmorerealisticallyaccountfor naturalfluctuationsin dissolvedoxygen

concentrations,while remainingsufficientlyprotectiveofaquaticlife. These

recommendationsarebasedlargelyonpotentialresponsesof all life stagesofnative

Illinois fishesthat fall in theNCD’s non-salmonidcategory.As with theNCD, wedefine

theseastypically warm-waterfishes,althoughmuchvariationin temperatureand oxygen

toleranceoccursamongtaxain this group.

Researchsummarizedin the 1986NCD wasusedto setourrecommended

dissolvedoxygenstandardsabovethoseconcentrationsexpectedto slightly impair

productionoffishes.Researchconductedsincepublicationofthereportgenerally

confirmsthattheseasonalstandardswe recommendaresufficientlyprotectiveoffishes

andotheraquaticorganismsin Illinois surfacewaters. Duringspringthroughearly

summer,mostearlylife stagesoffishesandotheraquaticorganismsareproduced.These

earlyreproducingorganismsaretypically themostsusceptibleto low dissolvedoxygen

concentrationsandthusrequirethemoststringentprotection. Ourreanalysisofdata

within theNCD andourreviewofthe literature ledto thedevelopmentofa standard

proposedto beapplicableduringMarch 1 throughJune30,which specificallyprotects

theseearlylife stagesandincludesbothaone-dayminimumidenticalto thecurrent

Illinois standardof5 mg/L anda seven-daymeanof6 mg!L. Duringwarmer,productive

monthsthroughouttheremainderoftheyearwhenspecieswith sensitiveearlylife stages

havelargelycompletedreproduction,werecommendaone-dayminimumof3.5 mg/L
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anda seven-daymeanminimum of4 mgIL, which is amorerealisticgeneralexpectation

for Illinois surfacewatersthanthecurrentminimumstandardof5 mg/L.

Ourrecommendedstandardsarebasedon ourcurrentunderstandingoftheshort-

and long-termresponsesofaquaticorganismsto low dissolvedoxygen. In mostnatural

aquaticsystems,habitatusebyjuvenileandadult fish is largelyunaffectedby dissolved

oxygenuntil concentrationsdeclinebelow 3 mg/L. Acute lethaleffectsonpost-larval,

warm-waterfishesdo not occuruntil concentrationsdeclinebelow2 mg/L. As wenote

in thereport,chroniceffectsof long-termexposureto low dissolvedoxygen

concentrationsarenotwell understood.SeeIAWA Ex. 1 at 18. Someimpairmentof

growthlikely occursin manywarm-waterspecieswhendissolvedoxygenconcentrations

arechronicallybelow 4 mgIL, whichnoneofourrecommendedstandardsallow.

Initially, Dr. WhilesandI summarizedour findings andoutlinedour

recommendationsin adraftreportthatwasdistributedto IAWA andtheIllinois

DepartmentofNaturalResources(IDNR). Dr. Whilesalsopresentedour findingsto a

specialmeetingofIAWA this spring,whererepresentativesfrom Illinois EPA (ILEPA)

andPrairieRiversNetworkwerepresent.During this time,I alsodistributedthedraft

reportto theU.S. FishandWildlife Service,Region3, CartervilleFisheriesResource

Office; theU.S.FishandWildlife Service,Region3, EcologicalServicesSub-Office;the

IDNR, Office ofResourceConservation;theIDNR, OfficeofRealtyandEnvironmental

Planning,Division ofNaturalResourceReviewandCoordination;theIllinois Natural

HistorySurvey/U.S.GeologicalService,Long-TermResourceMonitoring Program,

GreatRiversField Station;andtheIllinois ChapteroftheAmericanFisheriesSociety

(ILAFS). OnJune10, 2004,I met with theextendedExecutiveCommitteeoftheILAFS
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to discussthereport. Questionsvoicedby manyoftheparticipantsoftheIAWA meeting

heldthis springwereansweredin thefinal draft ofthereport. After circulatingthedraft,

I receivedinformal commentsfrom theIDNR Office ofResourceConservation,which

alsowereaddressedin thefinal draft. TheIDNR OfficeofRealtyandPlanning

informally foundthescienceto supporttherecommendedchanges.Duringmy recent

meetingwith theExecutiveCommitteeoftheILAFS, I answeredquestionsaboutthe

reportandtheproposedchangesto thecurrentIllinois standards.I agreedwith the

primaryconclusionofthegroupthat asetofregionalstandardsareneededfor Illinois.

Theothergroupshaveprovidedneitherinformalnor formal feedbackto meto date.

A letterdated28 May2004writtenby Ms. BethWentzelofPrairieRivers

Networkto theDivision ofWaterPollution ContrOl,ILEPA raisedseveralspecific

concernsaboutour report. Ms. Wentzelnotedthat ourreportwasnot entirelyconsistent

with theNCD. AlthoughtheNCD recommendsadoptingthemostconservative

standardsfor all earlylife stagesoffish throughthirty-daysposthatchingwheneverthese

life stagesoccur,ourreportonlyrecommendsadoptingtheseconservativestandards

throughJune. Oftheforty-eight fish taxain Illinois thatwesurveyed,forty likely

completethereproductiveportionoftheirlife cycleby theend of Juneor earlier

throughoutIllinois. Given that fluctuatingoxygenconcentrationsoccurnaturallyin

Midwesternstreamsandlakesduringsummer,theremainderof speciesthatcontinueto

reproduceduring thesemonthsmusthaveadaptationsthat allow themto persistwhen

ambientoxygenconcentrationsoccasionallyapproachourrecommendedsummer

minimum. Hence,ourreportindeeddepartsfrom theNCD in thatit attemptsto generate
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morerealisticexpectationsfor dissolvedoxygenconcentrationsandtheresponsesof

nativeaquaticlife in Illinois.

Anothercriticism voicedby Ms. Wentzelwasthatwefailed to addressthe

responsesofcool-waterspeciessuchassmailmouthbassin ourrecommendedcriteria.

This is untrue. Thesespeciesweregenerallygroupedunderourwarm-water

categorization,becausetemperaturerequirementsofnon-salmonidfishesarenot well-

delineated.Rather,species-specifictemperatureneedsvary widely alongagradientfrom

coolto warmwateramongfish in theMidwest. Althoughcold-watersalmonidscanbe

categorizedby theirhigh oxygenandlow temperaturerequirements,I know ofno

specificresearchthatidentifiesMidwesterncool-waterfishesashavingsubstantially

differentoxygenrequirementsduringnon-reproductiveperiodsthanwarm-water

counterparts.Themain differencebetweenspecieswith cool-andwarm-water

requirementsappearsto betheir temperature-dependentgrowth optimaandlethal

maximumtemperatures,which is aseparateissueregardingtheinteractionbetween

habitatquality andtemperature.Interestingly,althoughsmallmouthbassis specifically

listed in theNCD asa sensitive,cool-waterfish, it hassimilar temperaturerequirements

asmanyconventionalwarm-waterfishes. Further,smallmouthbassadultshavea

minimum lethaldissolvedoxygenlimit of 1.2 mg!L (seeTableI, IAWA Ex. 1), which is

well belowourrecommendedIllinois minimumstandard.

Ms. Wentzelnotedthat weomittedathirty-daymeanstandardfrom our

recommendations,althoughsucha long-termmovingaverageis recommendedin the

NCD. In ourview, fishesandotheraquaticorganismswill respondat amuchshorter

timescaleto decliningoxygenthanthirty days,requiringamorefrequentlyupdated
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movingaverageof sevendays. A thirty-daymeanmayerroneouslymissperiodsof

chronicallylow dissolvedoxygenif highconcentrationsoccurduringtheremainderof

thethirty-daymonitoringperiod.

Anotherargumentmadeagainstourreport’svalidity is thatit focusesprimarily on

fish. Fishwereselectedastheregulatoryfocusbecausetheywerethemodel in theNCD

and,asit wasin 1986,mostresearchon dissolvedoxygenis availablefor thisgroup.

Fisharealsoofrecreationalandeconomicimportance.Although thedatafor othertaxa

areindeedquite limited, wedid addresstheinfluenceofdissolvedoxygenon other

organisms,specificallymusselsandaquaticinsects,andhavefoundapatternthat appears

to be consistentwith that for fish. As weoutlinein thereport,speciesthathavehigh

oxygenrequirementstendto inhabit areasofconsistentlyhigh andenvironmentally

predictabledissolvedoxygenconcentrations.In astream,this would beariffle habitatin

which high gaseousexchangeoccursbetweenthewaterandtheatmosphere.In our

report,werecommendquantifyingoxygenin areasandduringtimeswhendissolved

oxygenconcentrationsareexpectedto be lowestsuchasa streampoolbeforedawn.

Theselocationsshouldbemoresusceptibleto decliningoxygenthanareasin which high

exchangeelevatesoxygenconcentrationsandtypically harborsthemostsensitivespecies

suchasdartersandmayflies.

Wetakeissuewith Ms. Wentzel’ssuppositionthat ourrecommendationswould

renderIllinois’s dissolvedoxygenstandardstheweakestin thenation. I haveassessed

thestandardsfor ourpeerStateofOhio. From what I understand,Ohio hasvarious

aquaticusedesignationsthat aresimilarto butmorespecificthanthoserecommendedfor

Illinois. Eachofthesespecificdesignationshasadifferentdaily minimum andone-day
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averagedissolvedoxygenconcentration.Probablythemostcommondesignationfor

surfacewatersin Ohio is “warm water”which includesadailyminimumof4 mgIL anda

one-dayaverageof5 mgIL, which appearsto applyto theentireyear. Clearly,Ohio’s

generalstandardis lessconservativethanourrecommendedstatewidestandardduring

spring,becauseits minimumof4 mgIL is 1 mg/L less thanourproposedminimum

standard.And Ohio’s minimumis not significantlydifferent thanourproposedminimum

standardof3.5 mg/L duringtheremainderoftheyear. Ohio’s seasonalsalmonidand

coldwaterdesignationsareanalogousto theLakeMichiganstandards,whichwedo not

recommendmodifying.

In my assessment,thelargestdifferencebetweencurrentstandardswithin Ohio

andIllinois is thatOhio hasdevelopedmoreregional-specificcriteriato protectwaters

that theydeemimportant. Ohio’s “exceptionalwarmwater” criteriaarevery similar to

thosethatIllinois currentlyhasadoptedfor theentirestate,whereOhio’s daily minimum

is 5 mg!L andits one-dayaverageis 6 mg/L. Giventhat all thesurfacewatersin Illinois

would certainlynot be categorizedas“exceptional”,it is clearthat thecurrentgeneral

aquaticuseIllinois dissolvedoxygenstandardis too strict. Ourrecommendedstandards

do providesimilarprotectionasOhio’s “exceptional”watersduring thecritical peak

reproductivetimes oftheyear.

Duringmy conversationswith otherscientists,resourcemanagers,andwater

regulators,I havereceivedmanycommentsabouthowtherecommendedstandardsare

basedonsoundscienceandneededin thestate. I recognizeandsomewhatunderstand

theperceptionby someindividualsthatourrecommendationswouldweakentheIllinois

standards.However,theweightof informationavailablefor aquaticorganismssuggests
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thattheproposedstandardssetmorerealisticexpectationsfor surfacewatersin Illinois

andwill not degradethebiological integrity ofthesesystems. I agreethat moreresearch

is neededin manyareasandhopethat theproposedstandardchangeswill beviewedas

onestepin adynamic,continuingprocess.It is my view thatthestateshouldmove

towarddevelopingregion-specificbiotic integrity,habitatquality, andwaterquality

criteria,ascrediblelong-termdatasetsbecomeavailable.

CHO2/22318249.2
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CLERKS OFFICE

JUN 15 2004
BEFORE THE ILLINOIS POLLUTION CONTROL BOARBTATE OF ILLINOIS

Pollution ControlBoard

IN THE MATTER OF: )
)

PROPOSEDAMENDMENTS TO ) R 04-25
DISSOLVED OXYGEN STANDARD )
35 Iii. Adm. Code302.206 )

WRITTEN TESTIMONY OFJ. MICHAEL CALLAHAN

My nameis JohnM. Callahan. I amtheExecutiveDirectoroftheBloomingtonand

NormalWaterReclamationDistrict (BNWRD) ofMcLeanCounty,Illinois. I havebeenin the

employmentoftheBNWRD for thirty oneyearsduringwhich time I haveheld positionsof

increasingresponsibilityfrom thatofChemistto my currentpositionofExecutiveDirector. I

havereceivedaB.S.Degreefrom Illinois StateUniversitywith majorsin Biological Sciences

andEnvironmentalHealth. I havealsoreceivedan M.A. Degreefrom theUniversityofMissouri

(Columbia)in Ecologywith anemphasison nutrientcycling. I pursuedDoctoralStudiesin

Biological Sciencesat Illinois StateUniversity,againwith anemphasisonnutrientcycling. I

hold an Illinois EnvironmentalProtectionAgencyClassI WastewaterTreatmentPlantOperator

License. I havebeena memberofthePhiSigmaNationalBiologicalHonorSocietyfor thirty

yearsandamemberoftheSigmaXi ScientificResearchSocietyfor twentythreeyears. I have

beenactivelyinvolved inprofessionalorganizationsrepresentingvariousaspectsofthe

wastewatertreatmentindustryandhaveheldpositionsofleadershipin suchorganizations.These

organizationsincludetheIllinois AssociationofWastewaterAgencies,theIllinois Water

Pollution ControlOperatorsAssociationandtheCentralStatesWaterEnvironmentAssociation.

I havebeena memberoftheWaterEnvironmentFederationfor morethan twentyfive years.

Duringmy careerI haveservedin severalstakeholderstudygroupsorganizedby theIllinois



EnvironmentalProtectionAgencyto assistin theformulationofstandardsandpolicies

concerningboth Illinois waterqualityandvariousissuesregardingwastewatertreatmentwithin

theState. I havepublishedand/orpresentednumerouspaperson variousaspectsofwastewater

treatmentthroughoutmy career.

It hasbeenmy privilegeto previouslyappearbeforetheIllinois Pollution ControlBoard

to offer input on key issuesofwidespreadimportanceto ourstate. I thanktheIllinois Pollution

ControlBoardfor theopportunityto appearagaintodayto discusstheneedfor a re-evaluationof

theIllinois dissolvedoxygenwaterqualitystandard.I amofferingtestimonyonbehalfofthe

Illinois AssociationofWastewaterAgencies(IAWA) andin supportofMr. DennisStreicher

who is directingthis IAWA initiative. Theneedfor arevisedIllinois dissolvedoxygenstandard

hasexistedfor sometime. However,two relativelynewinitiatives in waterquality improvement

within theStatehavemandatedthat the issueofrevisingthedissolvedoxygenstandardbe

undertakenatthis time. Thesemandatesarein responseto theneedto developscientifically

derivednutrientstandardsandto morepreciselydirecttheadoptionoftotal maximumdaily load

allocationsto Illinois waterslisted asnot attainingdesignatedusesupport.

Sinceits inception,approximatelyfour yearsago,I havebeenamemberoftheIEPA

NutrientScienceAdvisoryWorkgroup. This workgroupwasassembledby IEPA to developa

strategyfor scientificallyderivingwaterqualitystandardsfornitrogenandphosphorus.

HistoricallytheWorkgroupwaschairedby Mr. RobertMosherof IEPA. Recently,Mr. Paul

TerriooftheU.S GeologicalSurveyhasreplacedMr. MosherasWorkgroupChair. Thewater

qualitydegradationascribedto phosphorusandnitrogenis aphenomenoncalledeutrophication.
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conditionwhich developswhenthenaturallylimiting nutrientofanecosystemis increasedto the

extentthat theoverall balanceofecosystemdynamicsis upset.The limiting nutrientof most

freshwaterecosystemsis phosphorus.Degradingconcentrationsofphosphoruseffectively “over

fertilize” thefreshwateraquaticsystemandresultin enhancedalgalgrowth. Suchalgaeare

aerobicorganisms.Duringdaylight hoursalgaephotosynthesize.A by productof

photosynthesisis oxygen. As aresultofthisphotosynthesis,duringearlystagesin the

developmentof eutrophication,daytimedissolvedoxygenlevelscanbemaintainedsuchthat

little negativeeffectis realizedin an aquaticsystem. However,during thenight,whenno

sunlightis presentto powerphotosynthesis,the increasedalgaepopulationmustcontinuecellular

respirationasmusttheremainingaerobicbiotaofa freshwaterecosystem.Ultimately, thetotal

oxygendemandrequiredbytheserespiringorganismsexceedstheambientnight timere-aeration

capabilityofawaterbody. Consequently,oxygensensitivespeciesareputat stressand

populationlevelsofsuchorganismsmaysignificantlydiminish. A self-perpetuatingdownward

spiralof aquaticorganismdiversitycanthuseasilydevelopaseutrophicconditionscontinueto

persist.

TheIEPANutrient ScienceAdvisory Workgroupimmediatelyrecognizedthe

determinationofthe concentrationofphosphorusatwhich theeutrophicationcycle beginsto

causeproblematicdissolvedoxygendepletionto beoneofthefirst essentialstepsin developing

an effectiveandscientificallyderivedphosphorusstandard.Regrettably,it wasalsorecognized

thatthis critical concentrationofdissolvedoxygenwasnotknown. However,many

professionalsthroughoutIllinois agreedthat thecurrentIllinois dissolvedoxygenwaterquality
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standarddoesnotrepresentthedissolvedoxygenconcentrationwhich is critical to preventingthe

onsetof eutrophication.In fact, thereexistsgeneralagreementamongprofessionalsthatthe

ambientdissolvedoxygenconcentrationsofthewatersofIllinois frequentlynaturallyfall

beneaththeexisting dissolvedoxygenwaterqualitystandard.Mr. Mosher,asChairofthe

workgroup,wasoneofthe individualsthatinitially suggestedare-evaluationoftheIllinois

dissolvedoxygenwaterqualitystandardwasatimelyconsideration.

Although thereexistedwidespreadagreementseveralyearsagowithin theWorkgroup

that areassessmentofourstate’sdissolvedoxygenwaterqualitystandardwaswarranted,IEPA

indicatedtheAgencydid nothavetheresourcesormanpowerto undertakesuchaneffort atthat

time. Realizingthisneedandthelackof availableIEPAresources,I askedMr. Mosherif EPA

would be receptiveto andsupportiveof athirdparty investigationinto the issueofthedissolved

oxygenstandardissue. Suchactionwasnot unprecedented.TheEPAhadsupportedtheIAWA

in a previousissuebroughtbeforetheIllinois PollutionControlBoardinvolving the ammonia

nitrogenwaterquality standard.I wasadvisedthatEPA would supportsuchanundertaking,but

definitelywantedinput into thedesignoftheresearchinvestigation. I thenapproachedthe

IAWA membershipaskingif sufficient interestexistedfor IAWA to fundathird partyanalysisof

both theexisting Illinois dissolvedoxygenstandardaswell asan investigationthatwould

providea recommendationfor anappropriatedissolvedoxygenstandardfor Illinois. TheJAWA

membershipreadilyagreedto fundsuchwork anddirectedmeto investigateboth themethodsby

which sucha researchstudycouldbeundertakenaswell asthewillingnessofqualified

professionalswithin Illinois to undertakethestudy.
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I initially contactedDr. Mat WhilesoftheSouthernIllinois UniversityFisheriesResearch

Laboratoryto both inquireofhis possibleinterestin undertakingsuchwork aswell ashis

recommendationofanyotherqualified individualsofwhichhewasawarethatmightbe

interestedin theresearch.Dr. Whilesindicatedthat hewasquiteinterestedin theproject and

thathe thoughtacolleagueofhis, Dr. JamesGarvey,would bevery interestedin assistinghim

with thework. I reportedbackto theIAWA membershipthatDr. WhilesandDr. Garveyhad

expressedconsiderableinterestin undertakingtheproject. TheJAWA membershipthen

unanimouslyvotedto retainthe servicesofthetwo gentlemen.This agreementwasreachedin

thesummerof2002.

On September30, 2002,Dr. WhilesandI metwith Mr. Mosher,Mr. GregGoodeand

otherEPA staff to discussaspectsof the issuethat IEPA felt werecritical to the investigation

suchthat atechnicallyjustifiable dissolvedoxygenstandardsupportableby soundsciencecould

bedeveloped.Agreementwasreachedamongthosein attendanceon thekeyissueswhich Dr.

WhilesandDr. Garveyshouldinvestigateto satisfactorilyaddressall concerns.I hadpreviously

suggestedto theIAWA membershipthattheconclusionsoftheworkdoneby Dr. WhilesandDr.

Garveyshouldnot be releasedpublicly until boththeEPA andtheIAWA hadopportunityto

reviewthem. TheIAWA readilyagreedto this qualification. I advisedthosein attendanceatthe

EPAmeetingthat suchwasthequalificationJAWA hadplacedon thework to bedoneby Dr.

WhilesandDr. Garvey. Again, thiswastheprocedurepreviouslyagreeduponbetweenEPA

andJAWA during theammonianitrogenwaterqualitystandarddevelopment.TheEPA

representativeswereappreciativeofthis consideration.
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Dr. WhilesandDr. Garveypresentedtheirinitial draft reporton theirinvestigationto me

in earlyJanuaryof2004. I immediatelycirculatedcopiesofthereportto theJAWA Executive

Committeeandthe IAWA NutrientSubcommitteeaswell asto IEPA. It wasat thispoint in the

proceedingsthat I withdrew from a leadrolein thedevelopmentofthestandardandMr.

Streichervolunteeredto coordinatetheupcomingrule makingproposal.

Thepreviousdiscussionpresentstheneedfor asoundunderstandingof dissolvedoxygen

dynamicsin thewatersofourstatesuchthatmeaningfulandtechnicallyjustifiablenutrient

standardscanbedeveloped.Addressingeitherwaterqualityparameter,nutrientsoroxygen,

without considerationandasoundunderstandingoftheotherwill not resultin acomprehensive

andeffectiveresolutionoftheeutrophicationproblem. I personallyfind it quitesurprisingand

verysadthatweknow nomoreaboutthe interactionoftheseparametersthanwepresentlydo.

However,suchis indeedthesituation. I assureeveryonepresentthatthecostofaddressingthe

nutrientissuein Illinois will be extreme.However,I suggestthatwelook beyondtheactual

monetarycostof suchrequirements.A statisticI haveheardoftenquoted regardingthe

wastewatertreatmentindustrystatesthat for everypoundofcarbonaceouswastewecurrently

removefrom wastewater,four poundsofcarbonin theform ofcarbondioxide arereleasedto the

atmospherethroughtheenergygenerationrequiredfor removalofthatpoundofwaste. Nutrient

removalwill only add to this energyrequirement.A thoroughunderstandingofthe dynamicsand

interactionofnutrientsandoxygenis absolutelyessentialfor effectiveandefficient stewardship

which addressesthis issue. A valid andscientificallybaseddissolvedoxygenstandardis

fundamentalto this understanding.
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Thesecondmandateinvolving theneedfor acurrentreassessmentofthedissolved

oxygenstandard,to whichI earlierreferred,involvestheeffort currentlyunderwayto develop

totalmaximumdaily loadallocations(TMDLs) for watersoftheStatewhich aredeterminednot

to beachievingfull usedesignation.TheTMDL procedureevaluatesawatershedin an attempt

to determinewhat theassimilationrateofthatwatershedis for variousparameters.

Hypothetically,bothpointsourceandnon-pointsourcecontributionsofvariousparametersare

consideredin determiningthereductionin loadingnecessaryto realizeuseattainmentfor each

parameterofconcern.However,thereregrettablyexistslittle apparentregulatorycontrol other

thanvoluntarybestmanagementpracticesthat canforcenon-pointcontributionsofvarious

parametersto be reducedto levelswhich arenotdetrimentalto awatershed.Thereadily

controlledandregulatedcontributionsto awaterbodycomefrom point sources.

Theremayormaynot beeffectiveadditionalcontrolswhich canbe appliedto point

sourcesthatwill assistin achievingfull useattainment.I believethata specificsolutionfor a

specific locationwill not universallysolvetheproblemsexperiencedby all useimpairedwaters

acrossthe State. Thedynamicsandphysicalconditionsofeachwaterbodymustbeassessedand

consideredasuniqueto thatparticularlocation. However,inadequatedissolvedoxygenis listed

on theEPAdraft 3 03(d)list asafairly universalparametercontributingto nonuseattainment

andsubsequentinclusionofwaterbodieson thatlist. Thedraft2004303(d)list contains

approximately300 waterbodysegmentsin Illinois listed asimpaired,at leastin part,by

inadequatedissolvedoxygenconcentrations.Approximately800waterbodiesarelisted on the

draft 2004303(d)list. Thereforeapproximatelyonethird ofthewaterbodieslisted on thedraft
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303(d)list arelisted,at leastin part,becauseof adissolvedoxygenstandardwhichmany

professionalshaveindicatedis overlyprotectiveandnot specificto theneedsofthewatersof

Illinois.

Thisdissolvedoxygencontributionto non-attainmentis basedon thecurrentIllinois

dissolvedoxygenwaterqualitystandardwhich,aspreviouslydiscussed,haslongbeen

consideredto beofquestionablevalidity. Somepoint sourcedischargersarenowhavinga

minimumdissolvedoxygenlimit includedin theirNPDESpermits. In manysituationsI believe

thatcompliancewith an effluentdissolvedoxygenpermit limit of6.0 mg/i will havevirtuallyno

effect on improvingreceivingstreamdissolvedoxygen-concentration-swhenthenaturally

occurringambientdiurnaldissolvedoxygenminimaofthatstreammight easilybe 4.5 mg/I. One

might speculatethatover-protectionis notnecessarilyunwarrantedin its own right. However,I

againrespectfu~llyremindtheBoardthatcompliancewith astandard,overprotectiveor not,hasa

costinherentlyassociatedwith it. Increaseddissolvedoxygenconcentrationsin effluentsrequire

thatair besuppliedto thesewatersbeforedischarge.Thisair comesfrom blowerswhich are

poweredby electricity.

As I previouslymentioned,arule ofthumbin ourindustrycurrentlyestimatesthat one

poundofcarbonaceouswasteremovedfrom wastewaterresultsin fourpoundsofcarbonin the

form of carbondioxidereleasedto theatmosphere.Are weasa society,throughtheTMDL

program,goingto requirethatweaeratetreatmentplanteffluentsorprovideadditionaltreatment

within ourplantsto complywith aflaweddissolvedoxygenstandardandtherebyperhaps

contributeanotherpoundortwo ofcarbondioxide to theatmospherefortheenergyrequiredto
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do soonaperunit basis?I certainlyhopethat oursocietychoosesnot to follow thatpath.

Rather,I stronglyencouragetheBoardto adoptthedissolvedoxygenstandardbeingproposedin

this proceeding.It hasbeendevelopedby professionalaquaticbiologistsin considerationofthe

requirementsoftheaquaticbiota ofour state. Theproposedstandardis basedupon,andmore

conservativethan,theUSEPArecommendedguidancefor developmentofdissolvedoxygen

standards.Thankyou for thisopportunityto againprovidetestimonyandappearbeforethe

Illinois Pollution ControlBoard.

CHO2I22319412.1
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WRITTEN TESTIMONY OF DENNIS STREICHER

My nameis DennisStreicher,andI amDirectorof Waterand

Wastewaterwith the City of Elmhurst,Illinois. I havebeenemployedby the

City of Elmhurstatthe WastewaterTreatmentPlantsince1972. I beganmy

careerin Elmhurstasa chemistgraduatedwith abiologydegree. I worked

in the lab for approximately15 yearsandwaspromotedto plant

superintendent,thento AssistantDirectorofPublicWorks,thento Director

ofa newly createdDepartmentofWater& Wastewater.My responsibilities

include,in additionto operationof thewastewatertreatmentplant,operation

of thepublic watersupplyandof all stormwaterpumpingutilities in the

City. I holdanIllinois EnvironmentalProtectionAgencyClass1 Operators

LicenseandanIllinois EnvironmentalProtectionAgencyClass“A” Potable

WaterOperatorsLicense.A copyofmyresumehasbeensubmittedas

IAWA Exhibit 3. I comebeforeyou today,however,representingthe

Illinois AssociationofWastewaterAgencies(IAWA) asthe committeechair

for dissolvedoxygenstandardsin Illinois. I amalsothe currentvice

presidentofadministrationwith the IAWA.
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TheIAWA is aprofessionalassociationrepresentingthe major

wastewatertreatmentplantsin the stateof Illinois. We haveabout100

membersandaffiliate members,which includesapproximately55 districts

andmunicipalitiesthroughoutthe state. Theseagenciesoperatedozensof

publicly ownedtreatmentworks (POTWs). In additionto thesePOTWs,

waterreclamationdistrictsandmunicipalities,the largestIllinois private

wastewatertreatmentutility, which operates12 plants,is alsoa member.

Therepresentativesoftheseorganizationsarepublic officials, andinclude

bothelectedandappointedtrusteesof districtsandappointedofficials at

municipalitiesthroughoutthe state. Ourconstituentsarethe citizensand

taxpayersof Illinois andarethe sameconstituentsasanyotherstateor

public agency.

My goalis notto presentthe technicalaspectsof theproposedrule

change;Dr. JamesGarveyis the expertin thatarea.My hopeis to present

theIAWA perspectiveon the existingdissolvedoxygenregulationsin

Illinois andwhy we feel that it is time to updatethosestandards.

Themanagersof thePOTWsin Illinois havetwo interestsin mind:

oneis the integrity of theenvironmentin which theywork; thesecondis to

responsiblyrepresenttheir constituentsandchargereasonableratesfor

service. Ourjobs asmanagersof the states’POTWsarethereallife
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applicationof thewaterqualitystandardsaspromulgatedin Illinois to the

operationofsometimeslargebutalways-complexwatertreatmentfacilities.

ThesePOTWshaveanexcellentrecordofproducingtreatedeffluentin

conformancewith applicableNPDESpermitlimitations,due in largepartto

the investmentofpublic dollarsto constructandupgradethe facilities and

the experienceanddedicationof thosethatoperateandmaintaintheplants.

Thisproposedrulemakingis consistentwith IAWA’s purposeand

pastpractice,to ensurethat the standardsby which it operatesarebasedon

soundscienceandto takeactiontoupdatestandardswherescientific

informationsupportssucha change.IAWA hasengagedthehighest

qualifiedexpertsconsistentwith its purpose,andhasperformeda varietyof

assessmentsthathavebeenusedby Illinois EPA andtheBoardto assess

Illinois standardsgoverningthedischargesof its members.IAWA proposed

therulemakingthat resultedin revisionofcertainwaterqualitystandards

governingammonianitrogenin R02-19, andtheBoardadopteda revised

rule in 2002.

IAWA hadparticipatedin aprior rulemakingbroughtby theIllinois

EPA to revisethe ammoniaregulations.Duringthe pendencyof that

rulemaking,U.S.EPArevisedthenationalcriteria documentfor ammonia.

After discussingthis revisionwith representativesof theIllinois EPA, it
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becameapparentthat the Illinois EPA did nothavetheinterestorresources

to initiaterulemakingto againrevisetheammoniaregulations.Becauseof

the impactthatthe recentlyadoptedammoniaregulationshadon wastewater

treatmentplantsandbecausetheregulationswerein factbasedupon

outdatedscience,IAWA initiatedandsawto completiontherulemakingin

R02-19 andultimatelythe accompanyingIllinois EPA implementation

regulationsto ensurethat Illinois’ ammoniaeffluentlimitationswere

consistentwith U.S.EPA’snationalcriteriadocumentandbaseduponsound

currentscience.Themanagersandofficials who operatewastewater

treatmentplantsandwhoneededto investin upgradesfor their facilities,

wereableto makethecaseto their respectiveDistrict BoardsandCity

Councilsfor authorizationfor thenecessarydollarsto meetan appropriate

andjustifiable ammoniastandard.

IAWA is committedto following thesamecourseof actionasit didin

the ammoniaruleswheneverit is apparentthateffluentlimitationsandwater

quality standardsthathavea significantimpacton POTWsarein needof

revisionandthe Illinois EPA doesnothavetheresourcesor theinclination

to initiatethe appropriateevaluationandultimateregulatoryproceedings.

This dissolvedoxygenrulemakingis IAWA’s secondsucheffort. Various

IAWA memberswereinvolvedin a seriesofdiscussionswith
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representativesof the Illinois EPA andotherregulators,manyofwhom had

publicly statedthat the existingIllinois dissolvedoxygenwaterquality

standardfoundat 35 Iii. Admin. CodeSection203 wasnotbasedon sound

sciencewasinconsistentwith USEPA’snational criteriadocumentandwas

toostringent. At the sametime, JAWA wasawarethat manywaterbodies

throughoutIllinois werenotin compliancewith the existingdissolved

oxygenwaterqualitystandardorwould notbe foundto bein complianceif

dissolvedoxygenmeasurementswere takenearlyin themorningdue to the

naturallyoccurringdiurnaldissolvedoxygenfluctuationcycle.

IAWA decidedto undertakea scientific assessmentof the dissolved

oxygenstandardalmostthreeyearsago. In 2002,IAWA engagedDr. James

GarveyandDr. Matt Whiles, who concludedthat the Illinois standardwas

toorigid andnotconsistentwith theU.S. EPA’sNationalCriteriaDocument

(NCD) for dissolvedoxygen. Dr Jim GarveyandDr. Matt Wileshavedone

anexcellentjob in puttingtogetherareviewof datathathasbeengenerated

sincethe 1980’s,haveappliedtheirknowledgeandskills andtrainingto

theirunderstandingof all of thedatageneratedsincethat time, andhave

maderecommendationsthatthe IAWA feelsarereasonableandaccurate.

Becauserevisionof the dissolvedoxygenstandardwasnot apriority of
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Illinois EPA,the IAWA electedto itselfbring this petitionto the Illinois

Pollution ControlBoard.

The JAWA is veryconcernedthat the existingdissolvedoxygen

standardis triggeringotherlegalrequirementsthatarenotwarrantedby

scientific information. TheIllinois EPA is currentlyinsistingon imposition

of adissolvedoxygenwaterqualityeffluentlimitation in NPDESPermitsof

6 mg/L to bemetcontinuously.It is IAWA’s understandingthat this

effluentlimitation is beingplacedin NPDESPermitsto ensurethat the

existingwaterqualitystandardis notviolated. In instanceswherePOTWs

areunableto complywith this limitation, theIllinois EPAhasgranted

constructionschedulesrequiring investmentofpublic dollarsto meetit.

Illinois EPA is requiredby Section305(b)of the CleanWaterAct to

assessthewaterqualityof Illinois watersandpreparea report,commonly

knownasthe 305(b)report. Basedon this report,Illinois EPA is

additionallyrequiredby Section303(d)ofthe CleanWaterAct to developa

list of impairedwatersin Illinois, commonlyknown asthe 303(d)List.

While IAWA hasnotcountedthewaterbodysegmentsin the 305(b)report

or thestreamsegmentsin the 303(d)report for purposesofreferencethere

were 741 segmentslistedin the 1998 303(d)reportand798 segmentsin the

final 2002 303(d)report.
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TheIllinois EPA is in theprocessof finalizing the2004Section

305(b)andSection303(d)reports. IAWA hasreviewedthe.draft reports.

TheIllinois EPA listsapproximately251 waterbodysegmentsasnot

complyingwith the dissolvedoxygenstandardin the draft 305(b)report.

There-are302 segmentslistedin the 303(d)reportasimpairedfor dissolved

oxygen. The305(b)and303(d)reportsarethenusedto determinethe

watersandparametersfor which TotalMaximumDaily Loads(TMDLs)

will beestablished,establishingloadlimits for dischargersto eachlisted

waterway. All of theserequirementsadhereto the currentstandards,evenif

thosestandardsarenotscientificallybased,aswe believeto bethe casewith

the Illinois dissolvedoxygenstandard.This canonlyresultin unrealisticand

unwarrantedpermitlimits requiringexpensivecapitalimprovementsand

modificationsto wastewatertreatmentfacilities at taxpayerexpense,or

unjustifiedreasonsfor plantexpansion.

In my positionat the City ofElmhurst,I togetherwith otherIAWA

memberagencieshavewatchedandparticipatedwith greatinterestin the

Illinois EPA’seffortsto establishTMDLs for theWestBranchof the

DuPageRiver, EastBranchof the DuPageRiver andSaltCreekBasins.

ThesethreeTMDLs markthe first effort by the Illinois EPA to develop

TMDLs in urbanareaswith significantpotentialimpactfrom POTWs,
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combinedseweroverflows,stormsewerdischarges,andotherurban

impacts. In the initial draftstheTMDLs for theEastBranchof theDuPage

River andSaltCreekwouldhaverequiredlimitationson CBODand

ammoniabecausethesestreamswerelistedas impairedunderthe existing

standardfor dissolvedoxygen. Thepotentialfor the TMDLs to be finalized

with an ultimaterequirementfor morerestrictiveCBODandammonia

limitations in existingNPDESPermitscouldhavea significantimpacton

POTW discharges.Eitherexpensivecapitalinvestmentwouldberequired

with increasedoperationalexpensesor a lossin the existingtreatmentplant

capacitythathasbeenbuilt to servicefuture growthmayberequired.

Additional effortswerediscussedaswell includingstreamre-aerationand

damremovalasadditionalpotentialmeansof meetingthe existingdissolved

oxygenwaterqualitystandard.TheIAWA andI believethat these

consequencesof failure to meetthe standardshouldonlyresultif thereis an

actualenvironmentalproblemapplyinga scientificallysounddissolved

oxygenwaterqualitylimitation. Let me illustratewith a descriptionofwhat

is happeningtodayin the SaltCreekbasin.Theplant I managedischargesto

SaltCreekin DuPageCounty.As I said,the Illinois EPAhasor is aboutto

submit a completedTMDL on SaltCreekto the USEPA.ThatTMDL has

foundSaltCreekto beimpairedfor dissolvedoxygenandhadrecommended
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that significantadditionaleffluentlimits on CBODandammoniabe

imposedon POTWsin thewatershed.TheTMDL estimatedcostsfor those

improvementsto beabout 18 million dollars.Theseare coststhat the

POTWswill bearalone. At this timestakeholdersin thebasin,andI amone

of them,aredeeplyinvolved in an effort to form a watershedcommittee,one

of the goalsof this committeewill beto attemptto developmoremeaningful

data,includingbiotic data,to furtherrefinethe TMDL studyandhopefully

mitigatethe futurecosts.Thereis no guaranteethatwe will besuccessful.

Thecostof this effort in timeanddollarswill certainlybesignificant.

IAWA believesthat giventhe largenumberofwaterbody andstream

segmentsthatare listedasnon-compliantwith the currentdissolvedoxygen

standardor impairedfor dissolvedoxygenreasons,Illinois shouldinsurethat

the existingdissolvedoxygenwaterqualitystandardis anappropriate

standardbaseduponsoundscienceandconsistentwith USEPA’snational

criteriadocument.Thecostsnowbeingincurredonthe SaltCreekandEast

Branchof theDuPageRiverbasincouldbe multipliedby eachof those

additionalbasinsidentifiedasimpairedfor dissolvedoxygenusingthe

existinginappropriatestandard.

JAWA believesthis proposeddissolvedoxygenrulemakingis

consistentwith Section303(c)of the CleanWaterAct, 33 U.S.C. 13 13(c),
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whichrequiresthestatesreviewandre-evaluateexistingwaterquality

standardswithin threeyearsof adoptionofrevisednationalcriteriaby

USEPA. To date,despitethe acknowledgementby manywithin the Illinois

EPA that the existingdissolvedwaterqualitystandardis outofdateand

inconsistentwith the NCD, Illinois hasnotundertakensuchareview.

Dr. Garveypointsout in “An Assessmentof National and Illinois

DissolvedOxygenWater Quality Criteria” that dissolvedoxygen

concentrationsfluctuatein naturalsystems.Dissolvedoxygenhasa diel

fluctuation, it hasa seasonalfluctuation,andconcentrationscouldbe

differentthroughthewatercolumn. Animals living in thoseconditionshave

evolveda tolerancefor thosefluctuations. Thecurrentregulationdoesnot

takeinto accountseasonalfluctuations.

My own careerbeganat thesametime asthe developmentof manyof

today’swaterqualityregulations.I havebeenableto observethat

developmentfrom the inceptionof the CleanWaterAct to today. I observed

the infant Illinois EPA andthe Illinois Pollution ControlBoardstruggling

with theproposalandadoptionofwaterqualitystandardsandwere faced

with almostinsurmountabledemandsto developthemquickly. At thattime

therewasarashofnew standardsbeingdevelopedwith the aim of quickly

attainingwaterquality goals.Manyof thosestandardsare still in effect
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today.Thedissolvedoxygenstandardusedin Illinois todaywas

promulgatedduring thatinitial periodalmostthreedecadesagoandhasnot

beenrevisedsince.

Whenthework ofDr. GarveyandDr. Whiles andtheproposed

regulationwerecompleted,I wasexcitedto volunteerto representthe

IAWA in the effort to seethis studythroughrulesmakingatthepollution

controlboardandto bea partof the processto developrealisticdissolved

oxygenstandardsin Illinois. As partof this effort I contactedandsharedthe

reportwith a numberof othergroupswithin the stateto look for their

supportand for theircommentson the study. I sentlettersto the Illinois

DepartmentofAgriculture, the Illinois FarmBureau(ILFB), theIllinois

EnvironmentalRegulatoryGroup(IERG), andthe Illinois StateWater

Survey. I personallyspoketo membersofall of thoseagenciesthat I

mentionedandaskedthemfor their thoughtsandif theyhadconcernsto let

meknow andto follow up on my letterssentto them. Thoselettersare

submittedasIAWA’s Exhibit 4. In everysingleinstancethepersonsI spoke

to expressedsupportanda hopethat theboardwould adoptthis rule.

I alsocopiedmanyof thecitizenadvocacygroupssuchastheSierra

Club,PrairieRiversNetwork,TheSaltCreekWatershedAlliance, DuPage

ConservationFoundationandtheEnvironmentalLaw andPolicyCenter.
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Ourgoalwasto offer thosefolks anopportunityto commentaswell. The

goal of IAWA wasto beasinclusiveaspossible.

In summary,it is commonlyknownthroughoutthestatethatthe

currentdissolvedoxygenregulationis notscientificallyjustifiable. Because

of its importancein theregulatoryregimein Illinois, an accurateand

realisticdissolvedoxygenstandardis critical. IAWA hasspentconsiderable

timeandincurredsignificantexpenseto ensurethat it hasthemost recent

andstrongestscientific datato supportits rulemaking. I urgetheBoard to

proceedwith the rulemakingasproposedby the IAWA. Thankyou for this

opportunityto addressthis issuebeforetheBoard.

CHO2/22319408.1
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FOREWORD

Section 304(a)(1) of the Clean Water Act of 1977 (PL 95-217) requires the-
Administrator of the Environmental Protection Agency to publish water quality
criteria that accurately reflect the latest scientific knowledge on the kind
and extent-of all identifiable effects on health and welfare that might be
expected from the presence of pollutants in any body of water, including
groundwater. - This document is a revision of proposed criteria based- upon a
consideration of comments received from other Federal agencies, State
agencies, special interest groups, and individual scientists. Criteria
cor~tained in this document replace any previously published EPA aquatic life
criteria for the same pollutant(s).

- The term “water quality criteria” is used in two sections of the Clean
Water Act, Section 304(a)(1) and Section 303(c)(2). This term has a different
program impact in each section. In Section 304, the term represents a non—
regulatory, scientific assessment of ecological effects. Criteria presented
in- this document are such scientific assessments. If water quality criteria
associated with specific stream uses are adopted by a State as water quality
standards under Section 303, they become enforceable maximum acceptable
pollutant concentrations in ambient waters within that State. Water quality
criteria adopted in State water quality standards could have the same numer-
ical values as criteria developed under Section 304. However, in many
situations States might want to adjust water quality criteria developed under
Section 304 to reflect local environmental conditions and human exposure
patterns before incorporation into water quality standards. It is not until
their adoption as part of State water quality standards that criteria become
regulatory.

Guidelines to assist States in the modification of criteria presented in
this document, in the development of water quality, standards, and in other
water-related programs of this agency, have been developed by EPA.

William A. Whittington
Director
Office of Water Regulations and Standards
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Ambient Water Quality Criteria for Dissolved Oxygen

FRESHWATERAQUATIC LIFE

I. Introduction

A sizable body of literature on the oxygen requirements of freshwater
aquatic life has been thoroughly summarized (Doudoroff and Shuinway, 1967,
1970; Warren et al., 1973; Davis, 1975a,b; and Alabaster and Lloyd, 1980).
These reviews and other documents describing the dissolved oxygen requirements
of aquatic organisms (U.S. Environmental Protection Agency, 1976; Inter-
national Joint Commission, 1975; Minnesota Pollution Control Agency, 1980) and
more recent data were considered in the preparation of this document. The
references cited below are limited to those considered to be the most defin-
itive and most representative of the preponderance of scientific evidence
concerning the dissolved oxygen requirements of freshwater organisms. The
guidelines used in deriving aquatic life criteria for toxicants (Federal
Register, 45 FR 79318, November 28, 1980) are not applicable because of the
different nature of the data bases. Chemical toxicity data bases rely on
standard 96-h LC5O tests and standard chronic tests; there are very few data
of either type on dissolved oxygen.

Over the last 10 years the dissolved oxygen criteria proposed by various
agencies and researchers have generally reflected two basic schools of
thought. One maintained that a dynamic approach should be used so that the
criteria would vary with natural ambient dissolved oxygen minima in the waters
of concern (Doudoroff and Shumway, 1970) or with dissolved oxygen requirements
of fish expressed in terms of percent saturation (Davis, 1975a,b). The other
maintained that, while not ideal, a single minimum allowable concentration
should adequately protect the diversity of aquatic life in fresh waters (U.S.
Environmental Protection Agency, 1976). Both approaches relied on a simple
minimum allowable dissolved oxygen concentration as the basis for their
criteria. A simple minimum dissolved oxygen concentration was also the most
practicable approach in waste load allocation models of the time.

Expressing the criteria in terms of the actual amount of dissolved oxygen
available to aquatic organisms in milligrams per liter (mg/i) is considered
more direct and easier to administer compared to expressing the criteria in
terms of percent saturation. Dissolved oxygen criteria expressed as percent
saturation, such as discussed by Davis (1975a,b), are more complex and could
often result in unnecessarily stringent criteria in the cold months and
potentially unprotective criteria during periods of high ambient temperature
or at high elevations. Oxygen partial pressure is subject to the same
temperature problems as percent saturation.
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The approach recommended by Doudoroff and Shumway (1970), in which the
criteria vary seasonally with the natural minimum dissolved oxygen concentra- -

tions in the waters of concern, was adopted by the National Academy of
Sciences and National Academy of Engineering (NAS/NAE, 1973). This approach
has some merit, but the lack of data (natural minimum concentrations) makes
its application difficult, and it can also produce unnecessarily stringent or
unprotective criteria during periods of extreme temperature.

The more simplistic approach to dissolved oxygen criteria has bee-n
supported by the findings of a select committee of scientists specifically
established by the Research Advisory Board of the International. Joint
Commission to review the dissolved oxygen criterion for the Great Lakes
(Magnuson et al., 1979). The committee concluded that a simple criterion (an
average criterion of 6.5 mg/i and a minimum criterion of 5.5 mg/i) was
preferable to one based on percent saturation (or oxygen partial pressure) and
was scientifically sound because the rate of oxygen transfer across fish gills
is directly dependent on the mean difference in oxygen partial pressure across
the gill. Also, the total amount of oxygen delivered to the gills is a more
specific limiting factor than is oxygen partial pressure ~ Se. The format
of this otherwise simple criterion was more sophisticated than earlier
criteria with the introduction of a two-concentration criterion comprised of
both a mean and a minimum. This two-concentration criteria structure is
similar to that currently used for toxicants (Federal Register, 45 FR 79318,
November 28, 1980). EPA agrees with the International Joint Commission’s
conclusions and will recommend a—two-number criterion for dissolved oxygen.

The national criteria presented herein represent the best estimates,
based on the data available, of dissolved oxygen concentrations necessary to
protect aquatic life and its uses. Previous water quality criteria have
either emphasized (Federal Water Pollution Control Administration, 1968) or
rejected (National Academy of Sciences and National Academy of Engineering,
1972) separate dissolved oxygen criteria for coidwater and warmwater biota. A
warmwater-coldwater dichotomy is made in this criterion. To simplify discus-
sion, however, the text of the document is split into salmonid and non-
salmonid sections. The salmonid-nonsalmonid dichotomy is predicated on the
much greater knowledge regarding the dissolved oxygen requirements of
salmonids and on the critical influence of intergravel dissolved oxygen
concentration on salmonid embryonic and larval development. Nonsalmonid fish
include many other coidwater and coolwater fish plus all warmwater fish. Some
of these species are known to be less sensitive than salmonids to low dis-
solved oxygen concentrations. Some other nonsalmonids may prove to be at
least as sensitive to low dissolved oxygen concentrations as the salmonids;
among the nonsalmonids of likely sensitivity are the herrings (Clupeidae), the
smelts (Osmeridae), the pikes (Esocidae), and the sculpins (Cottidae).
Although there is little published data regarding the dissolved oxygen
requirements of most nonsalmonid species, there is apparently enough anecdotal
information to suggest that many coolwater species are more sensitive to
dissolved oxygen depletion than are warmwater species. According to the
American Fisheries Society (1978), the term “coolwater fishes” is not vigor-
ously defined, but it refers generally to those species which are distributed
by temperature preference between the “coldwater” salmonid communities to the
north and the more diverse, often centrarchid-dominated “warmwater” assem-
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blages •to the south. Many states have more stringent dissolved oxygen
standards for colder waters, waters that contain either salmonids, nonsalmonid
coolwater fish, or the sensitive centrarchid, the smallmouth bass.

The research and sociological emphasis for dissolved oxygen has been
biased towards fish, especially the more economically important species in the
family Salmonjdae. Several authors - (Doudoroff and Shumway, 1970; Davis,
].975a,b) have discussed this bias in considerable detail and have drawn
similar conclusions regarding the effects of low dissolved oxygen on fresh-
water invertebrates. Doudoroff and Shumway (1970) stated that although some
invertebrate species are about as sensitive as the moderately susceptible
fishes, all invertebrate species need not be protected in order to protect the
food source for fisheries because many invertebrate species, inherently more
tolerant than fish, would increase in abundance. Davis (1975a,b) also
concluded that invertebrate species would probably be adequately protected if
the fish populations are protected. He stated that the composition of
invertebrate communities may shift to more tolerant forms selected from the
resident community or recruited from outside the community. In general,
stream invertebrates that are requisite riffle-dwellers probably have a higher
dissolved oxygen requirement than other aquatic invertebrates. The riffle
habitat maximizes the potential dissolved oxygen flux to organisms living in
the high water velocity by rapidly replacing the water in the immediate
vicinity of the organisms. This may be especially important for organisms
that exist clinging to submerged substrate in the riffles. In the absence of
data to the contrary, EPA will follow the assumption that a’dissolved oxygen
criterion protective of fish will be adequate.

One of the most difficult problems faced during this attempt to gather,
interpret, assimilate, and generalize the scientific data base for dissolved
oxygen effects on fish has been the variability in test conditions used by
investigators. Some toxicological methods for measuring the effects of
chemicals on aquatic life have been standardized for nearly 40 years; this has
riot been true of dissolved oxygen research. Acute lethality tests with
dissolved oxygen vary in the extreme with respect to types of exposure
(constant vs. declining), duration of exposure (a few hours vs. a week ~r
more), type of endpoint (death vs. loss of equilibrium), type of oxygen
control (nitrogen stripping vs. vacuum degassing), and type of exposure
chamber (open to the atmosphere vs. sealed). In addition there are the normal
sources of variability that influence standardized toxicity tests, including
seasonal differences in the condition of test fish, acclimation or lack of
acclimation to test conditions, type and level of feeding, test temperature,
age of test fish, and.stresses due to test conditions. Chronic toxicity tests
are typically of two types, full life cycle tests or early life stage tests.
These have come to be rather rigorously standardized and are essential to the
toxic chemical criteria established by EPA. These tests routinely are assumed
to include the most sensitive life stage, and the criteria then presume to
protect all life stages. With dissolved oxygen research, very few tests would
be considered legitimate chronic tests; either they fail to include a full
life cycle, they fail to include both embryo and larval stages, or they fail
to include an adequate period of post-larval feeding and growth.
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Instead of establishing year-round criteria to protect all life stages,
it may be possible to establish seasonal criteria based on the life stages
present. Thus, special early life stage criteria are routinely accepted for
salmonid early life stages because of their usual intergravel environment.
The same concept may be extended to any species that appear to have more
stringent dissolved oxygen requirements during one period of their life
history. The flexibility afforded by such a dichotomy in criteria carries
with it the responsibility to accurately determine the presence or absence of
the more sensitive stages prior to invocation of the less stringent criteria..
Such presence/absence data must be more site-specific than national in scope,
so that temperature, habitat, or calendar specifications are not possible in
this document. In the absence of such site-specific determinations the
default criteria would be those that would protect all life stages year-round;
this is consistent with the present format for toxic chemical criteria.

II. Salmonids

The effects of various dissolved oxygen concentrations on the well—being
of aquatic organisms have been studied more extensively for fish of the family
Salmonidae (which includes the genera Coregonus, Oncorhynchus, Prosopium,
Salmo, Salvelinus, Stenodus, and Thymallus) than for any other family of
organisms. Nearly all these studies have been conducted under laboratory
conditions, simplifying cause and effect analysis, but minimizing or eliminat-
ing potentially important environmental factors, such as physical -and chemical
stresses associated with suboptimal water quality, as well, as competition,
behavior, and other related activities. Most laboratory studies on the
effects of dissolved oxygen concentrations on salmonids have emphasized
growth, physiology, or embryonic development. Other studies have described
acute lethality or the effects of dissolved oxygen concentration on swimming
performance.

A. Physiology

Many studies have reported a wide variety of physiological responses to
low dissolved oxygen concentrations. Usually, these investigations were of
short duration, measuring cardiovascular and metabolic alterations resulting
from hypoxic exposures of relatively rapid onset. ‘ While these data provide
only minimal guidance for establishing environmentally acceptable dissolved
oxygen concentrations, they do provide considerable insight into the mechan-
isms responsible for the overall effects observed in the entire organism. For
example, a good correlation exists between oxygen dissociation curves for
rainbow trout blood (Cameron, 1971) and curves depicting the reduction in
growth of salmonids (Brett and Blackburn, 1981; Warren et al., 1973) and the
reduction in swimming ability of salmonids (Davis et al., 1963). These
correlations indicate that the blood’s reduced oxygen loading capacity at
lower dissolved oxygen concentrations limits the amount of oxygen delivered to
the tissues, restricting the ability of fish to maximize metabolic perform-
ance.

In general, the significance of metabolic and physiological studies on
the establishment of -dissolved oxygen criteria must be indirect, because their
applicability to environmentally acceptable dissolved oxygen concentrations
requires greater extrapolation and more assumptions than those required for
data on growth, swimming, and survival.
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B. Acute Lethal Concentrations

Doudoroff and Shumway (1970) summarized studies on lethal concentrations
- of dissolved oxygen for salmonids; analysis of these data indicates that the

test procedures were highly variable, differing in duration, exposure regime,
and reported endpoints. Only in a few cases could a 96-hr LC5O be calculated.
Mortality or loss of equilibrium usually occurred at concentrations between 1
and 3 mg/i.

Mortality of brook trout has occurred in less than one hour at 10°C at
dissolved oxygen concentrations below 1.2 mg/i, and no fish survived exposure
at or below 1.5 mg/i for 10 hours (Shepard, 1955). Lethal dissolved oxygen
concentrations increase at higher water temperatures and longer exposures. A
3.5 hr exposure killed all trout at 1.1 and 1.6 mg/i at 10 and 20°C, respec-
tively (Downing and Merkens, 1957). A 3.5-day exposure killed all trout at
1.3 and 2.4 mg/i at 10 and 20°C, respectively. The corresponding no-mortality
levels were 1.9 and 2.7 mg/i. The difference between dissolved oxygen
concentrations causing total mortality and those allowing complete survival
was about 0.5 mg/i when exposure duration was less than one week. If the
period of exposure to low dissolved oxygen concentrations is limited to less
than 3.5 days, concentrations of dissolved oxygen of 3 mg/i or higher should
produce no direct mortality of salmonids.

More recent studies confirm these lethal levels in chronic tests with
early life stages of salmonids (Siefert et al., 1974; Siefert’ and Spoor, 1973;
Brooke and Colby, 1980); although studies with lake trout (Carison and
Siefert, 1974) indicate that 4.5 mg/i is lethal at 10°C (perhaps a marginally
acceptable temperature for embryonic lake trout).

C. Growth

Growth of salmonids is most susceptible to the effects of low dissolved
oxygen concentrations when the metabolic demands or opportunities are great-
est. This is demonstrated by the greater sensitivity of growth to low
dissolved oxygen concentrations when temperatures are high and food most
plentiful (Warren et al., 1973). A total of more than 30 growth tests have
been reported by Herrmann et al. (1962), Fisher (1963), Warren et al. (1973),
Brett and Blackburn (1981), and Spoor (1981). Results of these tests are not
easily compared because the tests encompass a wide range of species, tempera-
tures, food types, and fish sizes. These factors produced a variety of
control growth rates which, when combined with a wide range of test durations
and fish numbers, resulted in an array of statistically diverse test results.

The results from most of these 30-plus tests were converted to growth
rate data for fish exposed to low dissolved oxygen concentrations and were
compared to control growth rates by curve-fitting procedures (JRB Associates,
1984). Estimates of growth rate reductions were similar regardless of the
type of curve employed, but the quadratic model was judged to be superior and
was used in the growth rate analyses contained in this document. The apparent
relative sensitivity of each species to dissolved oxygen depletion may be
influenced by fish size, test duration, temperature, and diet. Growth rate
data (Table 1) from these tests with salmon and trout fed unrestricted rations
indicated median growth rate reductions of 7, 14, and 25 percent for fish held
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at 6, 5., and 4 mg/i, respectively (JRB Associates, 1984). However, median
growth rate reductions for the various species ranged from 4 to 9 percent at 6
mg/i, 11 to 17 percent at 5 mg/i, and 2]. to 29 percent at 4 mg/i.

Table 1. Percent reduction in growth rate of salmonids at various dissolved
oxygen concentrations expressed as the median value from n tests
with each species (calculated from JRB Associates, 1984).

Dissolved
Species (number of tests)

-

Oxygen Chinook Coho Sockeye Rainbow Brown Lake
(mg/i) Salmon (6) Salmon (12) Salmon (1) Trout (2) Trout (1) Trout (2)

9 0 0 0 0 0 0
8 0 0 0 1 0 0
7 1 1 2 5 1 2
6 7 4 6 9 6 7
5 16 11 12 17 13 16
4 29 2]. 22 25 23 29’
3 47 - 37 33 37 ‘36 47

Median
Temp. (°C) 15 18 15 12 12 12

Considering the variability inherent in growth studies, the apparent
reductions -in growth rate sometimes seen above 6 mg/i are not usually statist-
ically significant. The reductions in growth rate occurring at dissolved
oxygen concentrations below about 4 mg/i should be considered severe; between
4 mg/i and the threshold -of effect, which variably appears to be between 6 and
10 mg/i in individual tests, the effect on growth rate is moderate to slight
if the exposures are sufficiently long.

Within, the growth data presented by Warren et al. (1973), the greatest
effects and highest thresholds of effect occurred at high temperatures (17.8
to 21.7°C). In two tests conducted at about 8.5°C, the growth rate reduction
at 4 mg/i of dissolved oxygen averaged 12 percent. Thus, even at the maximum
feeding levels in these tests, dissolved oxygen levels down to 5 mg/i probably
have little effect on growth rate at temperatures below 10°C.

Growth data from Warren et al. (1973) included chinook salmon tests
conducted at various temperatures. These data (Table 2) indicated that growth
tests conducted at 10-15°C would underestimate the effects of low dissolved
oxygen concentrations at higher temperatures by a significant margin. For
example, at 5 mg/i growth was not affected at 13°C but was reduced by 34
percent if temperatures were as high as 20°C. Examination of the test
temperatures associated with the growth rate reductions listed in Table 1
shows that most data represent temperatures between 12 and 15°C. At the
higher temperatures often associated with low dissolved oxygen concentrations,
the growth rate reductions would have been greater if the generalizations of
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the chinook salmon data are applicable to salmonids in general. Coho salmon
growth studies (Warren et al., 1973) showed a similar result over a range of
temperatures from 9 to 18°C, but the trend was reversed in two tests near 22°C
(Table 3). Except for the 22°C coho tests, the coho and chinook salmon
results support the idea that effects of low dissolved oxygen become more
severe at higher temperatures. This conclusion is supported by data on
iargemouth bass (to be discussed later) and by the increase in metabolic rate
produced by high temperatures. - . -

Table 2. Influence of temperature on growth rate of chinook salmon held at
various dissolved oxygen concentrations (calculated from Warren et
al., 1973; JRB Associates, 1984).

Dissolved Percent Reduction in Growth Rate at
Oxygen
(mg/i)

-

8.4°C 13.0°C 13.2°C ‘ 17.8°C 18.6°C 21.7°C

9 0 0 0 0 0 0
8 0 0 0 0 2 0
7 -0 0 4 0 8 2
6 0 0 8 5 19 14
5 0 0 16 16 34 34
4 7 4 - 25 33 ‘53 65
3 26 22 36 57 77 100

Table 3. Influence of temperature
various dissolved oxygen
al., 1973; JRB Associates,

on growth rate of coho salmon
concentrations (calculated from
1984).

held at
Warren et

Dissolved
Oxygen
(mg/l) -

Percent Reduction in Growth Rate at
-

8.6°C 12.9°C 13.0°C 18.0°C 21.6°C 21.8°C

10 0 0 0 0 0 0
9 0 0 0 5 0 0
8 0 1 2 10 0 0
7 1 4 6 17 0 6
6 4 10 13 27 0 1
5 9 18 23 38 0 7
4 17 29 36 51 4 19
3 28 42 51 67 6 37

Effects of dissolved oxygen concentration on the growth rate of salmonids
fed restricted rations have been less intensively investigated. Thatcher
(1974) conducted a series of tests with coho salmon at 15°C over a wide range
of food consumption rates at 3, 5, and 8 mg/l of dissolved oxygen. The only
significant reduction in growth rate was observed at 3 mg/i and food consump-

7



tion rates greater than about 70 percent of maximum, in these studies,
Thatcher noted that fish at 5 mg/i appeared to expend less energy in swimming
activity than those at 8 mg/i. In natural conditions, where fish may be
rewarded for energy expended - defending preferred territory or searching for
food, a dissolved oxygen concentration of 5 mg/i may restrict these activ—
i ties.

The effect of forced activity and dissolved oxygen concentration on the
growth of coho salmon was studied by Hutchins (1974). The growth rates of
salmon fed to repletion at a dissolved oxygen concentration of 3 mg/i and held
at current velocities of 8.5 and 20 cm/sec were reduced by 20 and 65 percent,
respectively. At 5 mg/i, no reduction of growth rate was seen at the slower
velocity, but a 15 percent decrease occurred at the higher velocity.

The effects of various dissolved oxygen concentrations on the growth rate
of coho salmon (“~ 5 cm long) in laboratory streams with an average current
velocity of 12 cm/sec have been reported by Warren et al. (1973). In this
series of nine tests, salmon consumed aquatic invertebrates living in the
streams. Results at temperatures from 9.5° to 15.5°C supported the res~1ts of
earlier laboratory studies; at higher growth rates (40 to 50 mg/g/day),
dissolved oxygen levels below 5 mg/i reduced growth rate, but at lower growth
rates (0 to 20 mg/g/day), rio effects were seen at concentrations down to 3
mg/i.

The applicability of these growth data from laboratory tests depends on
the available food and required activity in natural situations. Obviously,
these factors will be highly variable depending on duration of exposure,
growth rate, species, habitat, season, and size of fish. However, unless
effects of these variables are examined for the site in question, the labora-
tory results should be used. The attainment of critical size is vital to the
smolting of anadromous salmonids and may be important for all salmonids if
size-related transition to feeding on larger or more diverse food organisms is
an advantage. In the absence of more definitive site—specific, species—
specific growth data, the data summary in Tables 1, 2, and 3 represent the
best estimates of the effects of dissolved oxygen concentration on the
potential growth of salmon-id fish.

D. Reproduction

No studies were found that described the effects of low dissolved oxygen

on the reproduction, fertility, or fecundity of salmonid fish.

E. Early Life Stages

Determining the dissolved oxygen requirements for salmonids, many of
which have embryonic and larval stages that develop while buried in the gravel
of streams and lakes, is complicated by complex relationships between the
dissolved oxygen supplies in the gravel and the overlying water. The dis-
solved oxygen supply of embryos and larvae can be depleted even when the
dissolved oxygen concentration in the overlying body of water is otherwise
acceptable. Intergravel dissolved oxygen is dependent upon the balance
between the combined respiration of gravel-dwelling organisms, from bacteria
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to fish embryos, and the rate of dissolved oxygen supply, which is dependent
upon rates of water percolation and convection, and dissolved oxygen dif-
fusion.

Water flow past salmonid eggs influences the dissolved oxygen supply to
the microenvironment surrounding each egg. Regardless of dissolved oxygen
concentration in the gravel, flow rates below 100 cm/hr directly influence the
oxygen supply in the microenvironment and hence the size at hatch of salmonid
fish. At dissolved oxygen levels below 6 mg/i the time from fertilization to
hatch is longer as water flow decreases (Silver et al., 1963; Shumway et a].,
1964). -

The dissolved oxygen requirements for growth of salmonid embryos and
larvae have not been shown to differ appreciably from those of older sal-
monids. Under conditions of adequate water flow (~100 cm/hr), the weight
attained by salmon and trout larvae prior to feeding (swimup) is decreased
less than 10 percent by continuous exposure to concentrations down to 3 mg/i
(Brannon, 1965; Chapman and Shumway, 1978). The considerable developmental
delay which occurs at low dissolved oxygen conditions could have survival and
growth implications if the time of emergence from gravel, or first feeding, is
critically related to the presence of specific food organisms, stream flow, or
other factors (Carlson and Siefert, 1974; Siefert and Spoor, 1974). Effects
of low dissolved oxygen on early life stages are probably most significant
during later embryonic development when critical dissolved.oxygen concentra-
tions are highest (Alderdice et a]., 1958) and during the first few months
post-hatch when growth rates are usually highest. The latter authors studied
the effects of 7-day exposure of embryos to low dissolved oxygen at various
stages during incubation at otherwise high dissolved oxygen concentrations.
They found no effect of 7-day exposure at concentrations above 2 mg/i (at a
water flow of 85 cm/hr).

Embryos of mountain whitefish suffered severe mortality at a mean
dissolved oxygen concentration of 3.3 mg/i (2.8 mg/l minimum) and some
reduction in survival was noted at 4.6 mg/i (3.8 mg/i minimum); at 4.6 mg/i,
hatching was delayed by 1 to 2 weeks (Sieffert et al., 1974). Delayed
hatching resulted in poorer growth at the end of the test, even at dissolved
oxygen concentrations of 6 mg/i.

Evaluating intergravel dissolved oxygen concentrations is difficult
because of the great spatial and temporal variability produced by differences
in stream flow, bottom topography, and gravel composition. Even within the
same redd, dissolved oxygen concentrations can vary by 5 or 6 mg/i at a given
time (Koski, 1965). Over several months, Koski repeatedly measured the
dissolved oxygen concentrations in over 30 coho salmon redds and the overlying
stream water in three small, forested (unlogged) watersheds. The results of
these measurements indicated that the average intraredd dissolved oxygen
concentration was about 2 mg/i below that of the overlying water. The minimum
concentrations measured in the redds averaged about 3 mg/i below those of the
overlying water and probably occurred during the latter period of intergravel
development when water temperatures were warmer, larvae larger, and overlying
dissolved oxygen concentrations lower.
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Coble (1961) buried steelhead trout eggs in streambed gravel, monitored
nearby intergravel dissolved oxygen and water velocity, and noted embryo
survival. There was a positive correlation between dissolved oxygen concen-
tration, water velocity, and embryo survival. Survival ranged from 16 to 26
percent whenever mean intergravel dissolved oxygen concentrations were below 6
mg/i or velocities were below 20 cm/hr; at dissolved oxygen concentrations
above 6 mg/l and velocities over 20 cm/hr, survival ranged from 36 to 62
percent. Mean reductions in dissolved oxygen concentration between stream and
intergravel waters averaged about 5 mg/i as compared to the 2 mg/i average
reduction observed by Koski (1965) in the same stream. One explanation for
the different results is that the intergravel water flow may have been higher
in the natural redds studied by Koski (not determined) than in the artificial
redds of Coble’s investigation. Also, the density of eggs near the sampling
point may have been greater in Coble’s simulated redds.

A study of dissolved oxygen concentrations in brook trout redds was
conducted in Pennsylvania (Hoilander, 1981). Brook trout generally prefer
areas of groundwater upwelling for spawning sites (Witzel and MacCrimmon,
1983). Dissolved oxygen and temperature data offer no indication of ground-
water flow in Holiender’s study areas, however, so that differences between
water column and intergravel dissolved oxygen concentrations probably repre-
sent intergravel dissolved oxygen depletion. Mean dissolved oxygen concentra-
tions in redds averaged 2.1, 2.8, and 3.7 mg/liter less than the surface water
in the three portions of the study. Considerable variation of intergravel
dissolved oxygen concentration was observed between redds and within a single
redd. Variation from one year to another suggested that dissolved oxygen
concentrations will show greater intergravei depletion during years of low
water flow.

Until more data are available, the dissolved oxygen concentration in the
intergravel environment should be considered to be at least 3 mg/i lower than
the oxygen concentration in the overlying water. The 3 mg/i differential is
assumed in the criteria, since it reasonably represents the only two available
studies based on observations in natural redds (Koski, 1965; Holiender, 1981).
When siltation loads are high, such as in logged or agricultural watersheds,
lower water velocity within the gravel could additionally reduce dissolved
oxygen concentrations around the eggs. If either greater or lesser differen-
tials are known or expected, the criteria should be altered accordingly.

F. Behavior

Ability of chinook and coho salmon to detect and avoid abrupt differences
in dissolved oxygen concentrations was demonstrated by Whitmore et al. (1960).
In laboratory troughs, both species showed strong preference for oxygen levels
of 9 mg/i or higher over those near 1.5 mg/i; moderate selection against 3.0
mg/i was common and selection against 4.5 and 6.0 mg/i was sometimes detected.

The response of young Atlantic salmon and brown trout to low dissolved
oxygen depended on their age; larvae were apparently unable to detect and
avoid water of low dissolved oxygen concentration, but fry 6-16 weeks of age
showed a marked avoidance of concentrations up to 4 mg/i (Bishai, 1962).
Older fry (26 weeks of age) showed avoidance of concentrations up to 3 mg/i.
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In a recent study of the rainbow trout sport fishery of Lake Taneycomo,
Missouri, Weithman and Haas (1984) have reported that reductions in minimum
daily dissolved oxygen concentrations below 6 mg/i are related to a decrease
in the harvest rate of rainbow trout from the lake. Their data suggest that
lowering the daily minimum from 6 mg/i to 5, 4, and 3 mg/i reduces the harvest
rate by 20, 40, and 60 percent, respectively. The authors hypothesized that
the reduced catch was a result of reduction in feeding activity. This mechan-
ism of action is consistent with Thatcher’s (1974) observation of lower
activity of coho salmon at 5 mg/i in laboratory growth studies and the finding
of Warren et al. (1973) that growth impairment produced by low dissolved
oxygen appears to be primarily a function of lower food intake.

A three-year study of a fishery on planted rainbow trout was published by
Heimer (1984). This study found that the catch of planted trout increased
during periods of low dissolved oxygen in American Falls reservoir, on the
Snake River in Idaho. The author concluded that the fish avoided areas of low
dissolved oxygen and high temperature and the increased catch rate was a
result of the fish concentrating in areas of more suitable oxygen supply and
temperature.

G. - Swimming

Effects of dissolved oxygen ‘concentrations on swimming have been demon-
strated by Davis et a]. (1963). In their studies, the maximum sustained
swimming speeds (in the range of 30 to 45 cm/sec) of juvenile coho salmon were
reduced by 8.4, 12.7, and 19.9 percent at dissolved oxygen concentrations of
6, 5, and 4 mg/i, respectively. Over a temperature range from 10 to 20°C,
effects were slightly more severe at cooler temperatures. Jones (1971)
reported 30 and 43 percent reductions of maximal swimming speed of rainbow
trout at dissolved oxygen concentrations of 5.1 (14°C) and 3.8 (22°C) mg/i,
respectively. At lower swimming speeds (2 to 4 cm/sec), coho and chinook
salmon at 20°Cwere generally able to swim for 24 hours at dissolved oxygen
concentrations of 3 mg/i and above (Katz et al., 1958). Thus, the signif-
icance of lower dissolved oxygen concentrations on swimming depends on the
level of swimming performance required for the survival, growth, and reproduc-
tion of salmonids. Failure to escape from predation or to negotiate a swift
portion of a spawning migration route may be considered an indirect lethal
effect and, in this regard, reductions of maximum swimming performance can be
very important. With these exceptions, moderate levels of swimming activity
required by saimonids are apparently little affected by concentrations of
dissolved oxygen that are otherwise acceptable for growth and reproduction.

H. Field Studies

Field studies of salmonid populations are almost non-existent with
respect to effects of dissolved oxygen concentrations. ,Some of the systems
studied by Ellis (1937) contained trout, but of those river systems in which
trout or other salmonids were most likely (Columbia River and Upper Missouri
River) no stations were reported with dissolved oxygen concentrations below 5
mg/i, and 90 percent of the values exceeded 7 mg/i.
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III. Non-Salmonids

The amount of data describing effects of low dissolved oxygen on non-
saimonid fish is more limited than that for salmonids, yet must cover a group
of fish with much greater taxonomic and physiological variability. Salmonid
criteria must provide for the protection and propagation of 38 species in 7
closely related genera; the non-salmon-id criteria must provide for the protec-
tion and propagation of some 600 freshwater species in over 40 diverse
taxonomic families. Consequently, the need for subjective technical judgment
is greater for the non-salmonids.

Many of the recent, most pertinent data have been obtained for ‘several
species of Centrarchidae (sunfish), northern pike, channel catfish, and the
fathead minnow. These data demonstrate that the larval stage is generally the
most sensitive life stage. Lethal effects on larvae have been observed at
dissolved oxygen concentrations that may only slightly affect growth of
juveniles of the same species.

A. Physiology

Several studies of the relationship between low dissolved oxygen concen-
trations and resting oxygen consumption rate constitute the bulk of the
physiological data relating to the effect of hypoxia on nonsalmonid fish. A
reduction in the resting metabolic rate of fish ,is generally believed to
represent a marked decrease in the scope for growth and• activity, a net
decrease in the supply of oxygen to the tissues, and perhaps a partial shift
to anaerobic energy sources. The dissolved oxygen concentration at which
reduction in resting metabolic rate first appears is termed the critical
oxygen concentration.

Studies with brown bullhead (Grigg, 1969), largemouth bass (Cech et al.
1979), and goldfish and carp (Beamish, 1964), produced estimates of critical
dissolved oxygen concentrations for these species. For largemouth bass, the
critical dissolved oxygen concentrations were 2.8 mg/i at 30°C, < 2.6 mg/i at
25°C, and < 2.3 mg/i at 20°C. For brown bullheads the critical concentration
was about 4 mg/i. Carp displayed critical oxygen concentrations near 3.4 and
2.9 mg/i -at 10 and 20°C, respectively, and goldfish critical concentrations of
dissolved oxygen were about 1.8 and 3.5 mg/i at 10 and 20°C, respectively. A
general summary of these data suggest critical dissolved oxygen concentrations
between 2 and 4 mg/l, with higher temperatures usually causing higher critical
concentrations. -

Critical evaluation of the data of Beamish (1964) suggest that the first
sign of t-iypoxic stress is not the decrease in oxygen consumption, but rather
an increase, perhaps as a result of metabolic cost of passing an increased
ventilation volume over the gills. These increases were seen in carp at 5.8
mg/i at 20°C and at 4.2 mg/i at 10°C.

B. Acute Lethal Concentrations

Based on the sparse data base describing acute effects of low dissolved
oxygen concentrations on nonsalmonids, many non—salmonids appear to be
considerably less sensitive than salmonids. Except for larval forms, no
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non-salmonids appear to be more sensitive than saimonids. ‘Spoor (1977)
observed lethality of largemouth bass larvae at a dissolved oxygen concentra-
tion of 2.5 mg/i after only a 3-hr exposure. Generally, adults and juveniles
of all species studied survive for at least a few hours at concentrations of
dissolved oxygen as low as 3 mg/I. In most cases, no mortality results from
acute exposures to 3 mg/i for the 24- to 96-h duration of the acute tests.
Some non-salmonid fish appear to be able to survive a several-day exposure to
concentrations below 1 mg/i (Moss and Scott, 1961; Downing and Merkens, 1957),
but so little is known about the latent effects of such exposure that short—
term survival cannot now be used as an indication of acceptable dissolved
oxygen concentrations. In addition to the unknown latent effects of exposure
to very low dissolved oxygen concentrations, there are no data on the effects
of repeated short-term exposures. Most importantly, data on the tolerance to
low dissolved oxygen concentrations are available for only a few of the
numerous species of non-salmonid fish.

C. Growth

Stewart et al. (1967) conducted several growth studies with juvenile
iargemouth bass and observed reduced growth at 5.9 mg/i and lower concentra-
tions. Five of six experiments included dissolved oxygen concentrations
between 5 and 6 mg/i; dissolved oxygen concentrations of 5.1 and 5.4 mg/i
produced reductions in growth rate of 20 and 14 percent, respectively, but
concentrations of 5.8 and 5.9 mg/i had essentially no effect on growth. The
efficiency of food conversion was not reduced until dissolved oxygen concen-
trations were much lower, indicating that decreased food consumption was the
primary cause of reduced growth.

When channel catfish fingerlings held at 8, 5, and 3 mg/i were fed as
much as they could eat in three daily feedings, there were significant
reductions in feeding arid weight gain (22 percent) after a 6 week exposure to
5 mg/i (Andrews et al., 1973). At a lower feeding rate, growth after 14 weeks
was reduced only at 3 mg/i. Fish exposed to 3 mg/i swam lethargically, fed
poorly and had reduced response to loud noises. Raible (1975) exposed channel
catfish to several dissolved oxygen concentrations for up to 177 days and
observed a graded reduction in growth at each concentration below 6 mg/i.
However, the growth pattern for 6.8 mg/i was comparable to that at 5.4 mg/i.
He concluded that each mg/i increase in dissolved oxygen concentrations
between 3 and 6 mg/i increased growth by 10 to 13 percent.

Carlson et al. (1980) studied the effect of dissolved oxygen concentra-
tion on the growth of juvenile channel catfish and yellow perch. Over periods
of about 10 weeks, weight gain of channel catfish was lower than that of
control fish by 14, 39, and 54 percent at dissolved oxygen concentrations of
5.0, 3.4, and 2.1 mg/i, respectively. These differences were produced by
decreases , in growth rate of 5, 18, and 23 percent (JRB Associates, 1984),
pointing out the importance of differentiating between effects on weight gain
and effects~ on growth rate. When of sufficient duration, small reductions in
growth rate can have large effects on relative weight gain. Conversely, large
effects on growth rate may have little effect on annual weight gain if they
occur only over a small proportion of the annual growth period. Yellow perch
appeared to be more tolerant to low dissolved oxygen concentrations, with
reductions in weight gain of 2, 4, and 30 percent at dissolved oxygen concen-
trations of 4.9, 3.5, and 2.1 mg/i, respectively.
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Figure 1. Effect of continuous exposure to various mean dissolved oxygen
concentrations on survival of embryonic and larval stages of eight
species of nonsalmonid fish. Minima recorded in these tests
averaged about 0.3 mg/i below the mean concentrations.
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- The data of Stewart et al. (1967), Carison et a]. (1980), and Adelman and
Smith (1972) were analyzed -to determine the relationship between growth rate
and dissolved oxygen concentration (JRB Associates, 1984). Yellow perch
appeared to be very resistant to influences of low dissolved oxygen concentra-
tions, northern pike may be about as sensitive as salmonids, while largemouth
bass and channel catfish are intermediate in their response (Table 4). The
growth rate relations modeled from Adelman and Smith are based on only four
data points, with none in the critical dissolved oxygen region from 3 to.5
rng/l. Nevertheless, these growth data for northern pike are the best avail-
able for nonsalmonid coidwater fish. Adelman and Smith observed about a 65
percent reduction in growth of juvenile northern pike after 6-7 weeks at
dissolved oxygen concentrations of 1.7 and 2.6 mg/i. At the next higher
concentration (5.4 mg/i), growth was reduced 5 percent.

Table 4. Percent reduction in growth rate of some nonsaimonid fish held at
various dissolved oxygen concentrations expressed as the median
value from n tests with each species (calculated from JRB
Associates, 1984).

Dissolved
Oxygen
(mg/i)

Species (number of tests)

Northern
Pike (1)

, Largemouth
Bass (6)

Channel
Catfish (1),

Yellow
Perch (1)

9 0 0 0 0
8 1 0 0 0
7 4 0 1 0
6 9 0 3 0
5 16 1 7 0
4 25 9 13 0
3 35 17 20 7
2 -- 51 29 22

Median
Temp (°C) 19 26 25 20

Brake (1972) conducted a series of studies on juvenile largemouth bass in
two artificial ponds to determine the effect of reduced dissolved oxygen
concentration on consumption of mosquitofish and growth during 10 2-week
exposures. The dissolved oxygen in the control pond was maintained near
air-saturation (8.3 to 10.4 mg/i) and the other pond contained mean dissolved
oxygen concentrations from 4.0 to 6.0 mg/i depending upon the individual test.
The temperature, held near the same level in both ponds for each test, ranged
from 13 to 27°C. Food consumption and growth rates of the juvenile bass,
maintained ‘on moderate densities of forage fish, increased with temperature
and decreased at the reduced dissolved oxygen concentrations except at 13°C.
Exposure to that temperature probably slowed metabolic processes of the bass
so much that their total metabolic rates were not limited by dissolved oxygen
except at very low concentrations. These largemouth bass studies clearly
support the idea that higher temperatures exacerbate the adverse effects of
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low dissolved oxygen on the growth rate of fish (Table 5). Comparisons of
Brake’s pond studies with the laboratory growth studies of Stewart et a].
(1967) suggest that laboratory growth studies may significantly underestimate
the adverse effect of low dissolved oxygen on fish growth. Stewart’s six
studies with largemouth bass are summarized in Table 4 and Brake’s data are
presented in Table 5. All of Stewart’s tests were conducted at 26°C, about
the highest temperature in Brake’s studies, but comparison of the data show
convincingly that at dissolved oxygen concentrations between 4 and 6 mg/i the
growth rate of bass in ponds was reduced 17 to 34 percent rather than the 1 to
9 percent seen in the laboratory studies. These results suggest that the ease
of food capture in laboratory studies may result in underestimating effects of
low dissolved oxygen on growth rates in nature.

Table 5. Effect of temperature on the percent reduction in growth rate of
largemouth bass exposed to various dissolved oxygen concentrations
in ponds (after Brake, 1972; JRB Associates, 1984).

Temperature
(°C)

Percent Reduction in Growth Rate at

4.2 ±0.2 mg/i 4.9 ±0.2 mg/i 5.8 ±0.2 mg/i

13.3 0 --

13.6 -- -- ‘

,

7
16.3 -- 18 --

16.7 -- -- 15
18.1 -- 19 --

18.6 -- 34 --

18.7 18 -- —-

23.3 26 -- --

26.7 -- -- 17
27.4 31 -- ‘

Brett and Blackburn (1981) reanalyzed the growth data previously pub-
lished by other authors for largemouth bass, carp, and coho salmon in addition
to their own results for young coho and sockeye salmon. They concluded for
all species that above a critical level ranging from 4.0 to 4.5 mg/l,
decreases in growth rate and food conversion efficiency were not statistically
significant in these tests of relatively short duration (6 to 8 weeks) under
the pristine conditions of laboratory testing. EPA believes that a more
accurate estimate of the dissolved oxygen concentrations that have no effect
on growth and a better estimate of concent~ation:effect relationships can be
obtained by curve-fitting procedures (JCB Associates, 1984) and by examining
these results from a large number of studies. Brett and Blackburn added an
additional qualifying statement that it was not the purpose of their study to
seek evidence on the acceptable level of dissolved oxygen in nature because of
the problems of environmental complexity involving all life stages and
functions, the necessary levels of activity to survive in a competitive world,
and the interaction of water quality (or lack of it) with varying dissolved
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oxygen concentrations. Their cautious concern regarding the extrapolation to
the real world of results obtained under laboratory conditions is consistent
with that of numerous investigators.

D. Reproduction -

A life-cycle exposure of the fathead minnow beginning with 1- to 2-month
old juveniles was conducted and effects of continuous low dissolved oxygen
concentrations on various life stages indicated that the most sensitive stage
was the larval stage (Brungs, 1971). No spawning occurred at 1 mg/i, and the
number of eggs produced per female was reduced at 2 mg/i but not at higher
concentrations. Where spawning occurred, the percentage hatch of embryos
(81-89 percent) was not affected when the embryos were exposed to the same
concentrations as their parents. Hatching time varied with temperature, which
was not controlled, but with decreasing dissolved oxygen concentration the
average incubation time increased gradually from the normal 5 to nearly 8
days. Mean larval survival was 6 percent at 3 mg/i and 25 percent at 4 mg/i.
Mean survival of larvae at 5 mg/l was 66 percent as compared to 50 percent at
control dissolved oxygen concentrations. However, mean growth of surviving
larvae at 5 mg/l was about 20 percent lower than control larval growth.
Siefert and Herman (1977) exposed mature black crappies to constant dissolved
oxygen concentrations from 2.5 mg/i to saturation and temperatures of 13-20°C.
Number of spawnings, embryo viability, hatching success, and survival through
swim-up were similar at all exposures.

E. Early Life Stages

Larval and juvenile non-saimonids are frequently more sensitive to
exposures to low dissolved oxygen than are other life stages. Peterka and
Kent (1976) conducted semi-controlled experiments at natural spawning sites of
northern pike, bluegill, pumpkinseed, and smallmouth bass in Minnesota.
Dissolved oxygen concentrations were measured 1 and 10 cm from the bottom,
with observations being made on hatching success and survival of embryos, sac
larvae, and, in some instances, larvae. Controlled exposure for up to 8 hours
was performed in situ in small chambers with the dissolved oxygen controlled
by nitrogen stripping. For all species tested, tolerance to short-term
exposure •to low concentrations decreased from embryonic to larval stages.
Eight-hour exposure of embryos and larvae’of northern pike to dissolved oxygen
concentrations caused no mortality of embryos at 0.6 mg/i but was 100 percent
lethal to sac-larvae and larvae. The most sensitive stage, the larval stage,
suffered complete mortality following 8 hours at 1.6 mg/i; the next higher
concentration, 4 mg/i, produced no mortality. Smailmouth bass were at least
as sensitive, with nearly complete mortality of sac-larvae resulting from
6-hour exposure to 2.2 mg/i, but no mortality occurred after exposure to 4.2
mg/i. Early life stages of bluegill were more hardy, with embryos tolerating
4-hour exposure to 0.5 mg/i, a concentration lethal to sac—larvae; sac-larvae
survived similar exposure to 1.8 mg/i, however. Because the most sensitive
stage of northern pike was the later larval stage, and because the younger
sac-larval stages of smallmouth bass and bluegill were the oldest stages
tested, the tests with these latter species may not have included the most
sensitive stage. Based on these tests, 4 mg/i is tolerated, at least briefly,
by northern pike and may be tolerated by smallmouth bass, but concentrations
as high as 2.2 mg/i are lethal.
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Several studies have provided evidence of mortality or other significant
damage to young non-salmonids as a result of a few weeks exposure to dissolved
oxygen concentrations in the 3 to 6 mg/i range. Siefert et ai. (1973) exposed

- larval northern pike to various dissolved oxygen concentrations at 15 and 19°C
and observed reduced survival at concentrations as high as 2.9 and 3.4 mg/l.
Most of the mortality at these concentrations occurred at the time the larvae

- initiated feeding. Apparently the added stress of activity at that time or a
greater oxygen requirement for that life stage was the determining factor.
There was a marked decrease in growth at concentrations below 3 mg/i. In-a
similar study lasting 20 days, survival of walieye embryos and larvae was
reduced at 3.4 mg/i (Siefert and Spoor, 1974), and none survived at lower
concentrations. A 20 percent reduction in the survival of srnalimouth bass
embryos and larvae occurred at a concentration of 4.4 mg/i (Siefert et al.,
1974) and at 2.5 mg/i all larvae died in the first 5 days after hatching. At
4.4 mg/i hatching occurred earlier than in the controls and growth among
survivors was reduced. Carlson and Siefert (1974) concluded that concentra-
tions from 1.7 to 6.3 mg/i reduced the growth of early stages of the large-
mouth bass by 10 to 20 percent. At concentrations as high as 4.5 mg/i,
hatching was premature and feeding was delayed; both factors could indirectly
influence survival, especially if other stresses were to occur simultaneously.
Carlson et a]. (1974) also observed that embryos and larvae of channel catfish
are sensitive to low dissolved oxygen during 2— or 3-week exposures. Survival
at 25°C was slightly reduced at 5 mg/i and significantly reduced at 4.2 mg/l.
At 28°C survival was slightly reduced at 3.8, 4.6, and 5.4 mg/i; total
mortality occurred at 2.3 mg/l. At all reduced dissolved oxygen concentra-
tions at both temperatures, embryo pigmentation was lighter, incubation period
was extended, feeding was delayed, and growth was reduced. No effect of
dissolved oxygen concentrations as low as 2.5 mg/i was seen on survival of
embryonic and larval black crappie (Sieffert and Herman, 1977). Other
tolerant species are the white bass and the white sucker, both of which
evidenced adverse effect to embryo larva] exposure only at dissolved oxygen
concentrations of 1.8 and 1.2 mg/i, respectively (Sieffert et al., 1974;
Sieffert and Spoor, 1974).

Data (Figure 1) on the effects of dissolved oxygen on the survival of
embryonic and larval •nonsalmonid fish show some species to be tolerant
(largemouth bass, white sucker, black crappie, and white bass) and others
nontoierant (channel catfish, waiieye, northern pike, smailmouth bass). The
latter three species are often included with salmonids in a grouping of
sensitive coidwater fish; these data tend to support that placement.

F. Behavior

Largemouth bass in laboratory studies (Whitmore et al., 1960) showed a
slight tendency to avoid concentrations of dissolved oxygen of 3.0 and 4.6
mg/l and a definite avoidance of 1.5 mg/i. Bluegills avoided a concentration
of 1.5 mg/i but not higher concentrations. The environmental significance of
such a response is unknown, but if large areas are deficient in dissolved
oxygen this avoidance would probably not greatly enhance survival. Spoor
(1977) exposed largemouth bass embryos and larvae to low dissolved oxygen for
brief exposures of afew hours. At 23 to 24°C and 4 to 5 mg/i, the normally
quiescent, bottom-dwelling yolk-sac larvae became very active and swam
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vertically to a few inches above the substrate. Such behavior in natural
systems would probably cause significant losses due to predation and simple
displacement from the nesting area.

G. Swimming

Effects of low dissolved oxygen on the swimming performance of largemouth
bass were studied by Katz et al. (1959) and Dahlberg et a]. (1968). The
results in the former study were highly dependent upon season and temperature,
with summer tests at 25°C finding no effect on continuous swimming for 24 hrs
at 0.8 ft/sec unless dissolved oxygen concentrations fell below 2 mg/i. In
the fall, at 20°C, no fish were able to swim for a day at 2.8 mg/i, and in the
winter and 16° no fish swam for 24 hours at 5 mg/i. These results are
consistent with those seen in saimonids in that swimming performance appears
to be more sensitive to low dissolved oxygen at lower temperatures.

Dahlberg et ai. (1968) looked at the effect of dissolved oxygen on
maximum swimming speed at temperatures near 25°C. They reported slight
effects (less than 10% reduction in maximum swimming speed) at concentrations
between 3 and 4.5 mg/i, moderate reduction (16-20%) between 2 and 3 mg/i and
severe reduction (30-50%) at 1 to 1.5 mg/i.

H. Field Studies

Ellis (1937) reported results of field studies conducted at 982 stations
on freshwater streams and rivers during the months of June through September,
1930-1935. During this time, numerous determinations of dissolved oxygen
concentrations were made. He concluded that 5 mg/i appeared to be the lowest
concentration which may reasonably be expected to maintain varied warmwater
fish species in good condition in inland streams. Ellis (1944) restated his
earlier conclusion and also added that his study had included the measurement
of dissolved oxygen concentrations at night and various seasons. He did not
specify the frequency or proportion of diurnal or seasonal sampling, but the
mean number of samples over the 5-year study was about seven samples per
stati on.

Brinley (1944) discussed a 2-year biological’ survey of the Ohio River
Basin. He concluded that in the zone where dissolved oxygen is between 3 and
5 mg/i the fish are more abundant than at lower concentrations, but show a
tendency to sickness, deformity, and parasitization. The field results show
that the concentration of 5 mg/i seems to represent a general dividing line
between good and bad conditions for fish.

A three—year study of fish populations in the Wisconsin River indicated
that sport fish (percids and centrarchids) constituted a significantly greater
proportion of the fish population at sites Shaving mean summer dissolved oxygen
concentrations greater than 5 mg/i than at sites averaging below 5 mg/i
(Coble, 1982). The differences could not be related to any observed habitat
variables other than dissolved oxygen concentration.

These three field studies all indicate that increases in dissolved oxygen
concentrations above 5 mg/i do not produce noteworthy improvements in the
composition, abundance, or condition of non-saimonid fish populations, but
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that sites with dissolved oxygen concentrations below 5 mg/i have fish
assemblages with increasingly poorer population characteristics as the
dissolved oxygen concentrations become lower. It cannot be stressed too
strongly that these field studies lack definition with respect to the actual
exposure conditions experienced by the resident populations and the lack of
good estimates for mean and minimum exposure concentrations Over various
periods precludes the establishment of numerical criteria based on these
studies. The results of these semi—quantitative field studies are consistent
with the criteria derived later in this document.

IV. Invertebrates

As stated earlier, there is a general paucity of information on the
tolerance of the many forms of freshwater invertebrates to low dissolved
oxygen. Most available data describe the relationship between oxygen concen-
tration and oxygen consumption or short-term survival of aquatic larvae of
insects. These data are further restricted by their emphasis on species
representative of relatively fast-fl-owing mountain streams.

One rather startling feature of these data is the apparently -high
dissolved oxygen requirement for the survival of some species. Before
extrapolating from these data one should be cautious in evaluating the
respiratory mode(s) of the species, its natural environment, and the test
environment. Thus, many nongilled species respire over their. entire body
surface while many other species are gilled. Either form is dependent upon
the gradient of oxygen across the respiratory surface, a gradient at least
partially dependent upon the rate of replacement of the water immediately
surrounding the organism. Some insects, such as some members of the mayfly
genus, Baetis, are found on rocks in extremely swift currents; testing their
tolerance to low dissolved oxygen in iaboratory apparatus at slower flow rats
may contribute to their inability to survive at high dissolved oxygen concen-
trations. In addition, species of insects that utilize gaseous oxygen, either
from bubbles or surface atmosphere, may not be reasonably tested for tolerance
of hypoxia if their source of gaseous oxygen is deprived in the laboratory
tests.

In Spite of, these potential problems, the dissolved oxygen requirements
for the survival of many species of aquatic insects are almost certainly
greater than those of most fish species. Early indication of the high
dissolved oxygen requirements of some aquatic insects appeared in the research
of Fox et a]. (1937) who reported critical dissolved oxygen concentrations for
mayfiy nymphs in a static test system. Critical concentrations for six
species ranged from 2.2 mg/i to 17 mg/l; three of the species had critical
concentrations in excess of air saturation. These data suggest possible
extreme sensitivity of some species and also the probability of unrealistic
conditions of water flow. More recent studies in water flowing at 10 cm/sec
indicate critical dissolved oxygen concentrations for four species of stonefly
are between 7.3 and 4.8 mg/i (Benedetto, 1970).

In a recent study of 22 species of aquatic insects, Jacob et al. (1984)
reported 2-5 hour LC5O values at unspecified “low to moderate” flows in a
stirred exposure chamber, but apparently with no flow of replacement water.
Tests were run at one or more of five temperatures from 12 to 30°C; some
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species were tested at only one temperature, others at as many as four. The
median of the 22 species mean LC5Os was about 3 mg/l, with eight species
having an average LC5O below 1 mg/i and four in excess of 7 mg/i. The four
most sensitive species were two mayfly species and two caddisfly species. The
studies of Fox et a]. (1937), Benedetto (1970), and Jacob et al. (1984) were
all conducted with European species, but probably have general relevance -to
North American habitats. A similar oxygen consumption study of a North
American stonefly (Kapoor and Griffiths, 1975) indicated a possible critical
dissolved oxygen concentration of about 7 mg/i at a flow rate of 0.32 cm/sec
and a temperature of 20°C.

One type of behavioral observation provides evidence of hypoxic stress in -

aquatic insects. As dissolved oxygen concentrations decrease, many species of
aquatic insects can be seen to increase their respiratory movements, movements
that provide for increased water flow over the respiratory surfaces. Fox and
Sidney (1953) reported caddisfiy respiratory movements over a range of
dissolved oxygen from 9 to 1 mg/i. A dissolved oxygen decrease to 5 mg/i
doubled the number of movements and at 1 to 2 mg/i the increase was 3- to
4-fold.

- Similar data were published by Knight and Gaufin (1963) who studied a
stonefly common in the western United States. Significant increases occurred -

below 5 mg/i at 16°C and below 2 mg/i at 10°C. Increases in movements
occurred at higher dissolved oxygen concentrations when water flow was 1.5
cm/sec than 7.6 cm/sec, again indicating the importance o’f water flow rate on
the respiration of aquatic insects. A subsequent paper by Knight and Gaufin
(1965) indicated that species of stonefly lacking gills are more sensitive to
low dissolved oxygen than are gilled forms.

Two studies that provide the preponderance of the current data on the
acute effects of low dissolved oxygen concentrations on aquatic insects are
those of Gaufin (1973) and Nebeker (1972) which together provide reasonable
96-hr LC5O dissolved oxygen concentrations for 26 species of aquatic insects
(Table 6). The two studies contain variables that make them difficult to
compare or evaluate fully. Test temperatures~ were 6.4°C in Gauf in’s study and
18.5°C in Nebeker’s. Gaufin used a vacuum degasser while Nebeker used a
30-foot stripping column that probably produced an unknown degree of super-
saturation with nitrogen. The water velocity is not given in either paper,
although flow rates are given but test chamber dimensions are not clearly
specified. The overall similarity of the test results suggests that potential
supersaturation and iower flow volume in Nebeker’s tests did not have a
significant effect on the results.

Because half of the insect species tested had 96-h LCSO dissolved oxygen
concentrations between 3 and 4 mg/i it,appears that these species (collected
in Montana and Minnesota) would require at least 4 mg/i dissolved oxygen to
ensure their survival. The two most sensitive species represent surprisingly
diverse habitats, Ephemerelia doddsi is found in swift rocky streams and has
an LC5O of 5.2 mg/i while the pond mayfly, Callibaetis montanus, has an LC5O
of 4.4 mg/i. It is possible that the test conditions represented too slow a
flow for E. doddsi and too stressful flow conditions for C. montanus.
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Table 6. Acutely lethal concentrations of dissolved oxygen to aquatic
insects. -

- Species
96-h LC5O

(mg/i) Source*

Stonef~y
Acroneuria pacifica 1.6 (H)** - G

-

Acroneuria lycorias 3.6 N
Acrynopté~yx aurea 3.3 (H) G
Arcynopteryx parallela
Diura knowitoni

< 2 (H)
3.6 (1)

‘

~
G
G

Nemoura cinctipes 3.3 (H) G
Pteronarcys californica 3.9 (L) G
Pteronarcys caiifornica 3.2 (H) G
Pteronarcys dorsata 2.2 N
Pteronarcelia badia

Mayfly

2.4 (H)

.

G

Baetisca laurentina 3.5 N
Caliibaetjs mo~tanus 4.4 (L) G
Ephemerelia doddsi 5.2 (L) G
Ephemerella grandis 3.0 (H) G
~phemereila subvaria 3.9 . N
Hexagenia limbata 1.8 (H) G
Hexagenia limbata 1.4 N
LeptophTébia nebulosa 2.2 N

Caddi sfly
Brachycentrus occidentalis < 2 (L)

1.8 (H)
G
GDrusinus sp.

f~ydropsyche sp. 3.6 (L) G
~!ydropsychebetteri 2.9 (21°C) N
Hydropsyche betteri 2.6 (18.5°C) N
Hydropsyche betteri 2.3 (17°C) N
f~ydropsyche betteri 1.0 (10°C) N •

Lepidostoma sp. < 3 (H) G
Limnophilus ornatus 3.4 (L) G
Neophylax sp. 3.8 (L) G
Neothremma alicia 1.7 (L) G

~jp~era
Simulium vittatum 3.2 (1) G
Tanytarsus dissimilis < 0.6 N

* G = Gaufin (1973) —- all tests at 6.4°C.
N = Nebeker (1972) -- all tests at 18.5°C except as noted/flow 125 mi/mm.

~ H = high flow (1000 mi/mm); L = low flow (500 mi/mm).
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Other freshwater invertebrates have been subjected to acute hypoxic
stress and their LC5O values determined. Gaufin (1973) reported a 96—h LC5O
for the amphipod Gamnmnarus iimnaeus of < 3 mg/i. Four other crustaceans were
studied by Sprague (1963) who reported the following 24-h LC5Os: 0.03 mg/i,
Aseilus intermedius 0.7 mg/i, fjyaleila azteca 2.2 mg/i, Gammarus ~eudo-
iimnaeus and 4.3 mg/i, Gammarus fasciatus. The range of acute sensitivitTés
of these species appears similar to that reported for aquatic insects.

There are few long-term studies of freshwater invertebrate tolerance to
low dissolved oxygen concentrations. Both Gaufin (1973) and Nebeker (1972)
conducted long-term survival studies with insects, but both are -questioned
because of -starvation and potential nitrogen supersaturation, respectively.
Gaufin’s data for eight Montana species and 17 Utah species suggest- that 4.9
mg/i and 3.3 mg/l, respectively, would provide for 50 percent survival for
from 10 to 92 days. Nebeker lists 30-d LC5O values for five species, four
between 4.4 and 5.0 mg/l and one < 0.5 mg/i. Overall, these data indicate
that prolonged exposure to dissolved oxygen concentrations below 5 mg/i would
have deterimentai effects on a large proportion of the aquatic insects common
in areas like Minnesota, Montana, and Utah. Information from other habitat
types and geographic locations would provide a broader picture of invertebrate
dissolved oxygen requirements.

A more classic toxicological protocol was used by Homer and Wailer (1983)
in a study of the effects of low dissolved oxygen on Daphna magna. In a 26-d
chronic exposure test, they reported that 1.8 mg/i significantly reduced
fecundity and 2.7 mg/i caused a 17 percent reduction in final weight of
adults. No effect was seen at 3.7 mg/i.

In summarizing the state of knowledge regarding the relative sensitivity
of fish and invertebrates to low dissolved oxygen, it seems that some species
of insects and other crustaceans are killed at concentrations survived by all
species of fish tested. Thus, while most fish will survive exposure to 3
mg/i, many species of invertebrates are killed by concentrations as high as 4
mg/i. The extreme sensitivity of a few species of aquatic inects may be an
artifact of the testing environment. Those sensitive species common to swift
flowing, coidwater streams may require very high concentrations of dissolved
oxygen. -On the other hand, those stream habitats’are probably among the least
likely to suffer significant dissolved oxygen depletion.

Long-term impacts of hypoxia are less well known for invertebrates than
for fish. Concentrations adequate to avoid impairment of fish production
probably will provide reasonable protection for invertebrates as long as
lethal concentrations are avoided.

V. Other Considerations

A. Effects of Fluctuations

Natural dissolved oxygen concentrations fluctuate on a seasonal and daily
basis, while in most laboratory studies the oxygen levels are held essentially
constant. In two studies on the effects of daily oxygen cycles the authors
concluded that growth of fish fed unrestricted rations was markedly less than
would be estimated from the daily mean dissolved oxygen concentrations
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(Fisher, 1963; Whitworth, 1968). The growth of these fish was only slightly
above that attainable during constant exposure to the minimum concentrations
of the daily cycles. A diurnal dissolved oxygen pulse to 3 mg/i for 8 hours
per day for 9 days, with a concentration of 8.3 mg/i for the remainder of the
time, produced a significant stress pattern in the serum protein fractions of
bluegill and iargemouth bass but not yellow bullhead (Bouck and Bail, 1965).
During periods of low dissolved oxygen the fish lost their natural color,
increased their ventilation rate, and remained very quiet. At these times
food was ignored. Several times, during the low dissolved oxygen concentra-
tion part of the cycle, the fish vomited food which they had eaten as much as
12 hours earlier. After comparable exposure of the rock bass, Bouck (1972)
observed similar results on electrophoretic patterns and feeding behavior.

Stewart et al. (1967) exposed juvenile largemnouth bass to patterns of
diurnally—variable dissolved oxygen concentrations with daily minima near 2
mg/i and daiiy maxima from 4 to 17 mg/i. Growth under any fluctuation pattern
was almost always less than the growth that presumably would have occurred had
the fish been held at a constant concentration equal to the mean concentra-
tion.

• Carison et al. (1980) conducted constant and diurnally fluctuating
exposures with juvenile channel catfish and yellow perch. At mean constant
concentrations of 3.5 mg/i or less, channel catfish consumed less food and
growth was significantly reduced. Growth of this species was not reduced at
fluctuations from about 6.2 to- 3.6 and 4.9 to 2 mg/i, b-ut was significantly
impaired at a fluctuation from about 3.1 to 1 mg/i. Similarly, at mean
constant concentrations near 3.5 mg/i, yellow perch consumed less food but
growth was not impaired until concentrations were near 2 mg/i. Growth was not
affected by fluctuations from about 3.8 to 1.4 mg/i. No dissolved oxygen-
related mortalities were observed. In both the channel catfish and the yellow
perch experiments, growth rates during the tests with fluctuating dissolved
oxygen were considerably below the rate attained in the constant exposure
tests. As a result, the fluctuating and constant exposures could not be
compared. Growth would presumably have been more sensitive in the fluctuating
tests if there had been higher rates of control growth.

MatUre black crappies were exposed to constant and fluctuating dissolved
oxygen concentrations (Carison and Herman, 1978). Constant concentrations
were near 2.5, 4, 5.5, and 7 mg/i and fluctuating concentrations ranged from
0.8 to 1.9 mg/i above and below these original concentrations. Successful
spawning occurred at all exposures except the fluctuation between 1.8 and 4.1
mg/i.

In considering daily or longer-term cyclic exposures to low dissolved
oxygen concentrations, the minimum values may be more important than the mean
levels. The importance of the daily minimum as a determinant of growth rate
is common to the results of Fisher (1963), Stewart (1967), and Whitworth
(1968). S’ince annual low dissolved oxygen concentrations normally occur
during warmer months, the significance of reduced growth rates during the
period in question must be considered. If growth rates are normally low, then
the effects of low dissolved oxygen concentration on growth could be minimal;
if normal growth rates are high, the effects could be significant, especially
if the majority of the annual growth occurs during the period in question.
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B. Temperature and Chemical Stress

When fish were exposed to lethal temperatures, their survival times were
reduced when the dissolved oxygen concentration was lowered from 7.4 to 3.8
mg/i (Alabaster and Welcomme, 1962). Since high temperature and low dissolved
oxygen commonly occur together in natural environments, this likelihood of
additive or synergistic effects of these two potential stresses is a most
important consideration. -

High temperatures almost certainly increase the adverse effects of low
dissolved oxygen concentrations. However, the spotty, irregular acute
lethality data base provides little basis for quantitative, predictive
analysis. Probably the most complete study is that on rainbow trout, perch,
and roach conducted by Downing and Merkens (1957). Because their study was
spread over an 18-month period, seasonal effects could have influenced the
effects at the various test temperatures. Over a range from approximately 10
to 20°C, the lethal dissolved oxygen concentrations increased by an average
factor of about 2.6, ranging from 1.4 to 4.1 depending on fish species tested
and test duration. The influence of temperature on chronic effects, of low
dissolved oxygen concentrations are not well known, but requirements for
dissolved oxygen probably increase to some degree with increasing temperature.

-This generalization -is supported by analysis of saimon studies reported by
Warren et al. (1973) and the largemouth bass studies of Brake (1972).

Because most laboratory tests are conducted at temperatures near the
mid-range of a species temperature tolerance, criteria based on these test-data will tend to be under-protective at higher temperatures and over-
protective at lower temperatures. Concern for this temperature effect was a
consideration in establishing these criteria, especially in the establishing
of those criteria intended to prevent short-term lethal effects.

A detailed discussion and model for evaluating interactions among
temperature, dissolved oxygen, ammonia, fish size, and ration on the resulting
growth of individual fish (Cuenco et al., 1985a,b,c) provides an excellent,
in-depth evaluation of potential effects of dissolved oxygen on fish growth.

Several laboratory studies evaluated the effect of reduced dissolved
oxygen concentrations on the toxicity of various chemicals, some of which
occur commonly in oxygen-demanding wastes. Lloyd (1961) observed that the
toxicity of zinc, lead, copper, and monohydric phenols was increased at
dissolved oxygen concentrations as high as approximately 6.2 mg/i as compared
to 9.1 mg/i. At 3.8 mg/l, the toxic effect of these chemicals was even
greater. The toxicity of ammonia was enhanced by low dissolved oxygen more
than that of other toxicants. Lloyd theorized that the increases in toxicity
of the chemicals were due to increased ventilation at low, dissolved oxygen
concentrations; as a consequence of increased ventilation, more water, and
therefore more toxicant, passes the fish’s gills. Downing and Merkens (1955)
reported that survival times of rainbow trout at lethal ammonia concentrations
increased markedly over a range of dissolved oxygen concentrations from 1.5 to
8.5 mg/i. Ninety-six-hr LC5O values for rainbow trout indicate that ammonia
became more toxic with decreasing dissolved oxygen concentrations from 8.6 to
2.6 mg/i (Thurston et al., 1981). The maximum increase in toxicity was by
about a factor of 2. They also compared ammonia LC5O values at reduced
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dissolved oxygen concentrations after’12, 24, 48, and 72 hrs. The shorter the
time period, the more pronounced the positive relationship between the LC5O
and dissolved oxygen concentration. The authors recommended that dissolved
oxygen standards for the protection of salmonids should reflect background
concentrations of ammonia which may be present and the likelihood of temporary
increases in those concentrations. Adelman and Smith (1972) observed that
decreasing dissolved oxygen concentrations increased the toxicity of hydrogen
sulfide to goldfish. When the goldfish were acclimated to the reduced-
dissolved oxygen concentration before the exposure to hydrogen sulfide began,
mean 96-hr LC5O values were 0.062 and 0.048 mg/i at dissolved oxygen concen-
trations of 6 and 1.5 mg/i, respectively. When there was no prior acclima-
tion, the LC5O values were 0.071 and 0.053 mg/i at the same dissolved oxygen
concentrations. These results demonstrated a less than doubling in -toxicity
of hydrogen sulfide and little difference with regard to prior acclimation to
reduced dissolved oxygen concentrations. Cairns and Scheier (1957) observed
that bluegiiis were less tolerant to zinc, naphthenic acid, and potassium
cyanide at periodic low dissolved oxygen concentrations. Pickering (1968)
reported that an increased mortality of bluegilis exposed to zinc resulted
from the added stress of low dissolved oxygen concentrations. The difference
in mean LC5O vaiues between low (1.8 mg/i) and high (5.6 mg/i) dissolved
oxygen concentrations was a factor of 1.5.

Interactions between other stresses and low dissolved oxygen concentra-
tions can greatly increase mortality of trout larvae. For example, sublethal
concentrations of pentachlorophenol and oxygen combined to produce 100 percent
mortality of trout larvae held at an oxygen concentration of 3 mg/i (Chapman
and Shumway, 1978). The survival of chinook salmon embryos and larvae reared
at marginally high temperatures was reduced by any reduction in dissolved
oxygen, especially at concentrations below 7 mg/i (Eddy, 1972).

In general, the occurrence of toxicants in the water mass, in combination
with low dissolved oxygen concentration, may lead to a potentiation of stress
responses on the part of aquatic organisms (Davis, 1975a,b). Doudoroff and
Shumway (1970) recommended that the disposal of toxic pollutants must be
controlled so that their concentrations would not be -unduly harmful at
prescribed, acceptable concentrations of dissolved oxygen, and these accept-
able dissolved oxygen concentrations should be ‘independent of existing or
highest permitted concentrations of toxic wastes. -

C. Disease Stress

In a study of 5 years of case records at fish farms, Meyer (1970)
observed that incidence of infection with Aeromonas iiquefasciens (a common
bacterial pathogen of fish) was most prevalent during June, July, and August.
He considered low oxygen stress to be a major factor in outbreaks of Aeromonas
disease during summer months. Haley et al. (1967) concluded that a kill of
American and threadfin shad in the San Joaquin River occurred as a result of
Aeromonas infection the day after the dissolved oxygen was between 1.2 and 2.6
mg/i. In this kill the lethal agent was Aeromonas but the additional stress
of the low dissolved oxygen may have been a significant factor.
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Wedemeyer (1974) reviewed the role of stress as a predisposing factor in
fish diseases and concluded that facultative fish pathogens are continuously
present in most- waters. Disease problems seldom occur, however, unless
environmental quality and the host defense systems of the fish also deter-
iorate. He listed furunculosis, Aeromonad and Pseudomonad hemorrhagic
septicemia, and vibriosis as diseases for which low dissolved oxygen is one
environmental factor predisposing fish to epizootics. He stated that to
optimize fish health, dissolved oxygen concentrations should be 6.9 mg/l or
higher. Snieszko (1974) also stated that outbreaks of diseases are probably
more likely if the occurrence of stress coincides with the presence of
pathogenic microorganisms.

VI. Conclusions -

-The primary determinant for the criteria is laboratory data describing
effect on growth, with developmental rate and survival included in embryo and
larva] production levels. For the purpose of deriving criteria, growth in the
laboratory and production in nature are considered equally sensitive to-low
dissolved oxygen. Fish production in natural communities actually may be
significantly more, or less, sensitive than growth in the laboratory-, which
represents only one simplified facet of production.

The dissolved oxygen criteria are based primarily on data developed in
the laboratory under conditions which are usually artificial in several
important respects. First, they routinely preclude or minimize most environ-
mental stresses and biological interactions that under natural conditions are
iikely to increase, to a variable and unknown extent, the effect of low
dissolved oxygen concentrations. Second, organisms are usually given no L
opportunity to acclimate to low dissolved oxygen concentrations prior to tests
nor can they avoid the test exposure. Third, food availability is unnatural
because the fish have easy, often unlimited, access to food without signif-
icant energy expenditure for search and capture. Fourth, dissolved oxygen
concentrations are kept nearly constant so that each exposure represents both
a minimum and an average concentration. This circumstance complicates
application of the data to natural systems with fluctuating dissolved oxygen
concentrations.

Considering the latter problem only, if the laboratory data are applied H-

directly as minimum allowable criteria, the criteria will presumably be higher
than necessary because the mean dissolved oxygen concentration will often be
significantly higher than the criteria. If applied as a mean, the criteria
could allow complete anoxia and total mortality during brief periods of very
low dissolved oxygen or could allow too many consecutive daily minima near the
lethal threshold. If only a minimum or a mean can be given as a general
criterion, the minimum must be chosen because averages are too independent of
the extremes.

Obviously, biological effects of low dissolved oxygen concentrations
depend upon means, minima, the duration and frequency of the minima, and the
period of averaging. In many respects, the effects appear to be independent
of the maxima; for example, including supersaturated dissolved oxygen values
in the average may produce mean dissolved oxygen concentrations that are
misleadingly high and-unrepresentative of the true biological stress of the
dissolved oxygen minima. -
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Because most experimental exposures have been constant, data on the
effect of exposure to fluctuating dissolved oxygen concentrations is sketchy.
The few fluctuating exposure studies have used regular, repeating daily cycles
of an on-off nature with 8 to 16 hours at low dissolved oxygen and the
remainder of the 24 hr period at intermediate or high dissolved oxygen. This
is an uncharacteristic exposure pattern, since most daiiy dissolved oxygen
cycles are of a sinusoidal curve shape and not a square-wave variety.

The existing data allow a tentative theoretical dosing model for fluctu-
ating dissolved oxygen only as applied to fish growth. The EPA believes that
the data of Stewart et a]. (1967) suggest that effects on growth are reason-
ably represented by calculating the mean of the daily cycle using as’ a maximum
value the dissolved oxygen concentration which represents the threshold effect
concentration during continuous exposure tests. For example, with an effect
threshold of 6 mg/i, all values in excess of 6 mg/i should be averaged as
though they were 6 mg/i. Using this procedure, the growth effects appear to
be a reasonable function of the mean, as long as the minimum is not lethal.

-Lethal thresholds are highly dependent upon exposure duration, species, age,
- life stage, temperature, and a wide variety of other factors. Generally the

threshold is between 1 and 3 mg/i.

A most critical-and poorly documented aspect of a dissolved oxygen cri-
terion is the question of acceptable and unacceptable minima during dissolved
oxygen cycles of varying periodicity. Current ability to predict effects of
exposure to a constant dissolved oxygen level is only fair; the effects of
regular, daily dissolved oxygen cycies can only be poorly estimated; and
predicting the effects of more stochastic patterns of dissolved oxygen
fluctuations requires an ability to integrate constant and cycling effects.

Several general conclusions result from the synthesis of available field
and iaboratory data. Some of these conclusions differ from earlier ones in
the literature, but the recent data discussed in this document have provided
additional detail and perspective.

° Naturally-occurring dissolved oxygen concentrations may occasionally fall
beiow target criteria levels due to a combination of low flow, high
temperature, and natural oxygen demand. These naturally-occurring’
conditions represent a normal situation in which the productivity of fish
or other aquatic organisms may not be the maximum possible under ideal
circumstances, but which represent the maximum productivity under the
particular set of natural conditions. Under these circumstances the
numerical criteria should be considered unattainable, but naturally—
occurring conditions which fail to meet criteria should not be inter-
preted as violations of criteria. Although further reductions in dis-
solved oxygen may be inadvisable, effects of any reductions should be
compared to natural ambient conditions and not to ideal conditions.

o Situations during which attainment of appropriate criteria is most
critical include periods when attainment of high fish growth rates is a
priority, when temperatures approach upper-lethal levels, when pollutants
are present in near-toxic quantities, or when other significant stresses
are suspected. -
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Reductions in growth rate produced by a given low dissolved oxygen
concentration are probably more severe as temperature increases. Even
during periods when growth rates are normally low, high temperature
stress increases the sensitivity of aquatic organisms to disease and
toxic pollutants, making the attainment of proper dissolved oxygen
criteria particularly important. For these reasons, periods of highest
temperature represent a critical portion of the year with respect to
dissolved oxygen requirements.

o In salmonid spawning habitats, intergravei dissolved oxygen concentra-
tions are significantly reduced by respiration of fish embryos -and other
organisms. Higher water column concentrations of dissolved oxygen are
required to provide protection of fish embryos and larvae which develop
in the intergravel environment. A 3 mg/i difference is used in the
criteria to account for this factor.

The early life stages, especialiy the larval stage, of non-saimonid fish
are usually most sensitive to reduced dissolved oxygen stress. Delayed
development, reduced larval survival, and reduced larval and post—larval
growth are the observed effects. A separate early life stage criterion

for non-salmonids is established to protect these more sensitive stages
and is to apply from spawning through 30 days after hatching.

Other life stages of- salmonids appear to be somewhat more sensitive than
other life stages of the non-salmonids, but this difference, resulting in,
a 1.0 mg/i difference in the criteria for other life stages, may be due
to a more complete and precise data base for saimonids. Also, this
difference is at least partially due to the colder water temperatures at
which salmonid tests are conducted and the resultant higher dissolved
oxygen concentration in oxygen-saturated control water.

Few appropriate data are available on the effects of reduced dissolved
oxygen on freshwater invertebrates. However, historical concensus states
that, if all life stages of fish are protected, the invertebrate commu-
nities, although not necessarily unchanged, should be adequately pro-
tected. This is a generalization to which there may be exceptions of
environmental significance. Acutely lethal concentrations of dissolved
oxygen appear to be higher for many aquatic insects than for fish.

Any dissolved oxygen criteria should include absolute minima to prevent
mortality due to the direct effects of hypoxia, but such minima alone may
not be sufficient protection for the long-term persistence of sensitive
populations under natural conditions. Therefore, the criteria minimum
must also provide reasonable assurance that regularly repeated or
prolonged exposure for days or weeks at the allowable minimum will avoid
significant physiological stress of sensitive organisms.

Several earlier dissolved oxygen criteria were presented in the form of a
family of curves (Doudoroff and Shumway, 1970) or equations (NAS/NAE, 1973)
which yielded various dissolved oxygen requirements depending on the quali-
tative degree of fishery protection or risk deemed suitable at a given site.
Although dissolved oxygen concentrations that risk significant loss of fishery
production are not consistent with the intent of water quality criteria, a
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qualitative protection/risk assessment for a range of dissolved oxygen
concentrations has considerable value to resource managers. Using qualitative
descriptions similar to those presented in earlier criteria of Doudoroff and
Shumway (1970) and Water Quality Criteria 1972 (NAS/NAE, 1973), four levels of
risk are listed below:

No Production Impairment. Representing nearly maximal protection of fishery
resources.

Slight Production Impairment. Representing a high level of protection of
important fishery resources, risking only slight impairment of production
in most cases. -

Moderate Production Impairment. Protecting the persistence of existing fish
populations but causing considerable loss of production.

Severe Production Impairment. For low level protection of fisheries of some
value but whose protection in comparison with other water uses cannot be
a major objective of pollution control.

• Selection of dissolved oxygen concentrations equivalent to each of these
levels of effect requires some degree of judgment based largely upon examina-

tion of growth and survival data, generalization of response curve shape, and
assumed applicability of laboratory responses to natural populations. Because
nearly all data on the effects of low dissolved oxygen on aquatic organisms
relate to continuous exposure for relatively short duration (hours to weeks),
the resultant dissolved oxygen concentration-biological effect estimates are
most applicable to essentially constant exposure levels, although they may
adequately represent mean concentrations as well.

The production impairment values are necessarily subjective, and the
definitions taken from Doudoroff and Shumway (1970) are more descriptive than
the accompanying terms “slight,” “moderate,” and “severe.” The impairment
values for other life stages are derived predominantly from the growth data
summarized in the text and tables in Sections II and III. In general, slight,

- moderate, and severe impairment are equivalent to 10, 20, and 40 percent
growth impairment, respectively. Growth impairment of 50 percent or greater
is often accompanied by mortality, and conditions allowing a combination of
severe growth impairment and mortality are considered as no protection.

Production impairment levels for early life stages are quite subjective
and should be viewed as convenient divisions of the range of dissolved oxygen
concentrations between the acute mortality ‘limit and the no production
impairment concentrations.

Production impairment values for invertebrates are based on survival in
both long-term and short-term studies. There are no studies of warmwater
species and few of lacustrine species.

The following is a summary of the dissolved oxygen concentrations (mg/i)
judged to be equivalent to the various qualitative levels of effect described

earlier; the value cited as the acute mortality limit is the minimum dissolved
oxygen concentration deemed not to risk direct mortality of sensitive
organisms: -
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1. Salmonid Waters -

a. Embryo and Larval Stage5

o No Production Impairment = 11* (8)
° Siight Production Impairment 9* (6)
o Moderate Production Impairment B~(5)
o Severe Production Impairment = 7* (4)
o Limit to Avoid Acute Mortality = 6* (3)

- (* Note: These are water column concentrations recommended to achieve the
required intergravel dissolved oxygen concentrations shown in
parentheses. The 3 mg/i difference is discussed in the criteria
document.)

b. Other Life Stages

o No Production Impairment = 8
° Slight Production Impairment 6
° Moderate Production Impairment 5
° Severe Production Impairment = 4
° Limit to Avoid Acute Mortality = 3

2. Nonsalmonid Waters

a. Early Life Stages

° No Production Impairment = 6.5
o Slight Production Impairment = 5.5
o Moderate Production Impairment = 5
° Severe Production Impairment = 4.5
o Limit to •Avoid Acute Mortality = 4

b. Other Life Stages

° No Production Impairment 6
0 Slight Production Impairment = 5

o Moderate Production Impairment 4
° Severe Production Impairment = 3.5
° Limit to Avoid Acute Mortality = 3

3. Invertebrates

o No Production Impairment = 8
° Some Production Impairment = 5
° Acute Mortality Limit = 4

Added Note

Just prior to final publication of this criteria document, a paper
appeared (Sowden and Power, 1985) that provided an interesting field valida-
tion of the salmonid early life stage criterion and production impairment
estimates. A total of 19 rainbow trout redds were observed for a number of
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parameters including percent survival of embryos, dissolved oxygen concentra-
tion, and calculated intergravel water velocity. The results cannot be
considered a rigorous’ evaluation of the criteria because of the paucity of
dissolved oxygen determinations per redd (2-5) and possible inaccuracies in
determining percent survival and velocity. Nevertheless, the qualitative
validation is striking.

The generalization drawn from Coble’s (1961) study that good survival
occurred when mean intergravel dissolved oxygen concentrations exceeded 6.0
mg/i and velocity exceeded 20 cm/hr was confirmed; 3 of the 19 redds met this
criterion and averaged 29 percent embryo survival. The survival in the other
16 redds averaged only 3.6 percent. The data from the study are summarized in
Table 7. The critical intergravel water velocity from this study appears to
be about 15 cm/hr. Below this velocity even apparently good dissolved oxygen

Table 7. Survival of rainbow trout embryos as a function of intergravel
dissolved oxygen concentration and water velocity (Sowden and Power,
1985) as compared to dissolved oxygen concentrations established as
criteria or estimated as producing various levels of production

- impairment. -

Dissolved Oxygen
Concentration

mg/i
Percent

Water
Velocity,

Mean
Survival

(Flow
Criteria Estimates Mean Minimum Survival cm/hr > 15 cm/hr)

Exceeded Criteria 8.9 8.0 22.]. 53.7
- 7.7 7.0

7.0 6.4
6.9 5.4

43.5
1.1

21.3

83.2
9.8

20.6

29.0

Sli~ht Production 7.4 4.1 0.5 7.2
Impairment 7.1 4.3 21.5 16.3

. 6.7 4.5
6.4 4.2
6.0 4.2

4.3
0.3 -

9.6

5.4
7.9

17.4

15.6

Moderate Production 5.8 3.1 13.4 21.6
Impairment 5.3 3.6

5.2 3.9
5.6
0.4

16.8
71.0

6.5

Severe Production 4.6 4.1 0.9 18.3 0.9
Impairment 4.2 3.3 0.0 0.4

Acute Mortality

-

3.9 2.9
3.6 2.1
2.7 1.2
2.4 0.8
2.0 0.8

0.0
0.0
0.0
0.0
0.0

111.4
2.6
4.2
1.1

192.0

- 0.0
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characteristics do not produce reasonable survival. At water velocities in
excess of 15 cm/hr the average percent survival in the redds that had
dissolved oxygen concentrations that met the criteria was 29.0 percent. There
was no survival in redds that had dissolved oxygen minima below the acute
mortality limit. Percent survival in redds with greater than 15 cm/hr flow
averaged 15.6, 6.5, and 0.9 percent for redds meeting slight, moderate, and
severe production impairment levels, respectively.

Based on an average redd of 1000 eggs, these mean percent survivals woUld
be equivalent to 290, 156, 65, 9, and 0 viable larvae entering the environment
to produce food for other fish, catch for fishermen, and eventually a new
generation of spawners to replace the parents of the embryos in the redd.
Whether or not these survival numbers ultimately represent the impairment
definitions is moot in the light of further survival and growth uncertainties,
but the quantitative field results and the qualitative and quantitative
impairment and criteria values are surprisingly similar.

VII. National Criterion

The natioñál criteria for ambient dissolved oxygen concentrations for the
protection of freshwater aquatic life are presented in Table 8. The criteria
are derived from the production impairment estimates on the preceding page
which are in turn based primarily upon growth data and information on tempera-
ture, disease, and pollutant stresses. The average dissolved oxygen concen-
trations selected are values 0.5 mg/i above the slight production impairment
values and represent values between no production impairment and slight
production impairment. Each criterion may thus be viewed as an estimate of
the threshold concentration below which detrimental effects are expected.

Criteria for coldwater fish are intended to apply to waters containing a
population of one or more species in the family Salmonidae (Bailey et a]., -

1970) or to waters containing other coidwater or coolwater fish deemed by the
user to be closer to salmonids in sensitivity than to most warmwater species.
Although the acute lethal -limit for salmonids is at or below 3 mg/i, the
coldwater minimum has been established at 4 mg/i because a significant
proportion of the insect species common to salmonid habitats are less tolerant
of acute exposures to low dissolved oxygen than are salmonids. Some coolwater
species may require more protection than that afforded by the other life stage
criteria for warmwater fish and it may be desirable to protect sensitive
coolwater species with the coidwater criteria. Many states have more
stringent dissolved oxygen standards for cooler waters, waters that contain
either salmonids, nonsalmonid coolwater fish, or the sensitive centrarchid,
the smalimouth bass. The warmwater criteria are necessary to protect early
life stages of warmwater fish as sensitive as channel catfish and to protect
other life stages of fish as sensitive as largemouth bass. Criteria for early
life stages are intended to apply only where and when these stages occur.
These criteria represent dissolved oxygen concentrations which EPA believes
provide a reasonable and adequate degree of protection for freshwater aquatic
ii fe.

The criteria do not represent assured no-effect levels. However, because
the criteria represent worst case conditions (i.e., for wasteload allocation
and waste treatment plan design), conditions will be better than the criteria
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Tabie 8. Water quality criteria for ambient dissolved oxygen concentration.

Coldwater Criteria Warmwater Criteria

Early Life
Stages1’2

Other Life
Stages

Early Life
Stages2 Other Life

Stages

30 Day Mean NA3 6.5 NA 5.5

7 Day Mean 9.5 (6.5) NA 6.0 NA

7 Day Mean
Minimum

NA 5.0 NA 4.0
-

1 Day Minimum4’5 8.0 (5.0) 4.0 5.0 3.0

1 These are water column concentrations recommended to achieve the required

intergravel dissolved oxygen concentrations shown in parentheses. The 3
mg/i differential is discussed in the criteria document. For species-that
have early life stages exposed directly to the -water column, the figures in
parentheses apply.

2 Includes all embryonic and larval stages and all juvenile forms to 30-days
following hatching.

~ NA (not applicable).

~ For highly manipulatable discharges, further restrictions apply (see page
37)

~ All minima should be considered as instantaneous concentrations to be
achieved at all times.

nearly all the time at most sites. In situations where criteria conditions
are just maintained for considerable periods, the criteria represent some risk
of production impairment. This impairment would probably be slight, but would
depend on innumerable other factors. If slight production impairment or a
small but undefinable risk of moderate production impairment is unacceptable,
then continuous exposure conditions should use the no production impairment
values as means and the slight production impairment values as minima.

The criteria represent annual worst case dissolved oxygen concentrations
believed to protect the more sensitive populations of organisms against
potentially damaging production impairment. The dissolved oxygen concentra-
tions in the criteria are intended to be protective at typically high seasonal
environmental temperatures for the appropriate taxonomic and life stage
classifications, temperatures which are often higher than those used. in the
research from which the criteria were generated, especially for other than
early life stages. -
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Where natural conditions alone create dissolved oxygen concentrations
less than 110 percent of the applicable criteria means or minima or both, the
minimum acceptable concentration is 90 percent of the natural concentration.
These values are similar to those presented graphically by Doudoroff and
Shumway (1970) and those calculated from Water Quality Criteria 1972 (NAS/NAE,
1973). Absolutely no anthropogenic dissolved oxygen depression in the
potentially lethal area below the 1-day minima should be allowed unless
special care is taken to ascertain the tolerance of resident species to low
dissolved oxygen. -

- If daily cycles of dissolved oxygen are essentially sinusoidal, a
reasonable daily average is calculated from the day’s high and low dissolved
oxygen values. A time—weighted average may be required if the dissolved
oxygen cycles are decidedly non-sinusoidal. Determining the magnitude of
daily dissolved oxygen cycles requires at least two appropriately timed
measurements daily, and characterizing the shape of the cycle requires several
more appropriately spaced measurements.

Once a series -of daily mean dissolved oxygen concentrations are calcu-
lated, an average of these daily means can be calculated (Table 9). - For
embryonic, larval, and early life stages, the averaging period should not
exceed 7 days. This short time is needed to adequately protect these often

Table 9. Sample calculations for determining daily means, and 7—day mean
dissolved oxygen concentrations (30-day averages are calculated in a
similar fashion using 30 days data).

Dissol ved Oxygen (mg/1)

Day Daily Max. Daily Mm. Daily Mean

1 - 9.02 10.0

3 11.0
4 12~0a
5 10.0
6 11.07 120a

7.0
7.0
8.0
8.0
8.0
9.010.0

‘

8.0
8.5
9.5
9.5

- 9.0
10.0
lO.5c

X 57.0 65.0

1-day Minimum 7.0

7-day Mean Minimum 8.1

7—day Mean - 9.3

a Above air saturation concentration

b example).(11.0 + 8.0) ÷2. -
C (110 +10.0) ÷ 2.

(assumed

.

to be 11.0 mg/i--for this
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short duration, most sensitive life stages. Other life stages can probably be
adequately protected by 30-day averages. Regardless of the averaging period,
the average should be considered a moving average rather than a calendar-week
or calendar-month average.

The criteria have been established on the basis that the maximum dis-
solved oxygen value actually used in calculating any daily mean should not
exceed the air saturation value. This consideration is based primarily on
analysis of studies of cycling dissolved oxygen and the growth of largernouth
bass (Stewart et al., 1967), which indicated that high dissolved oxygen levels
(> 6 mg/i) had no beneficial effect on growth.

During periodic cycles of dissolved oxygen concentrations, minima lower
than acceptable constant exposure levels are tolerable so long as:

1. the average concentration attained meets or exceeds the criterion;

2. the average dissolved oxygen concentration is calculated as recommended
in Table 9; and

3. - the minima are not unduly stressful and clearly are not lethal.

A daily minimum has been included to make certain that no acute mortality
of sensitive species occurs as a result of lack of oxygen. Because repeated
exposure to dissolved oxygen concentrations at or near the acute lethal
threshold will be stressful and because stress can indirectly produce mortal-
ity or other adverse effects (e.g., through disease), the criteria are
designed to prevent significant episodes of continuous or regularly recurring
exposures to dissolved oxygen concentrations at or near the lethal threshold.
This protection has been achieved by setting the daily minimum for early life
stages at the subacute lethality threshold, by the use of a 7-day averaging
period for early life stages, by stipulating a 7-day mean minimum value for
other life stages, and by recommending additional limits for manipulatable
di scharges.

The previous EPA criterion for dissolved oxygen published in Quality
Criteria for Water (USEPA, 1976) was a minimum of 5 mg/i (usually applied as a
7Q10) which is similar to the current criterion minimum except for other life
stages of warinwater fish which now allows a 7-day mean minimum of 4 mg/i. The
new criteria are similar to those contained in the 1968 “Green Book” of the
Federal Water Pollution Control Federation (FWPCA, 1968).,

A. The Criteria and Monitoring and Design Conditions

The acceptable mean concentrations should be attained most of the time,
but some deviation below these values would probably not cause significant
harm. Deviations below the mean wiil probably be serially correlated and
hence apt to occur on consecutive days. The significance of deviations below
the mean will depend on whether they occur continuously or in daily cycles,
the former being more adverse than the latter. Current knowledge”regarding
such deviation-s is limited primarily to laboratory growth experiments and by
extrapolation to other activity-related phenomena. r
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Under conditions where large daily cycles of dissolved oxygen occur, it
is possible to meet the criteria mean values and consistently violate the mean
minimum criteria. Under these conditions the mean minimum criteria will
clearly be the limiting regulation unless alternatives such as nutrient
control can dampen the daily cycles.

The significance of conditions which fail to meet the recommended
dissolved oxygen criteria depend largely upon five factors: (1) the duration
of the event; (2) the magnitude of the dissolved oxygen depression; (3) the
frequency of recurrence; (4) the proportional area of the site failing to meet
the criteria; and (5) the biological significance of the site where the event
occurs. Evaluation of an event’s significance must be largely case- and
site—specific. Common sense would dictate that the magnitude of the depres-
sion would be the single most important factor in general, especially if the
acute value is violated. A logical extension of these considerations is that
the event must be considered in the context of the level of resolution of the
monitoring or ‘modeling effort. Evaluating the extent, duration, and magnitude
of an event must be a function of the spatial and temporal frequency of the
data. Thus, a single deviation below the criterion takes on considerably less
significance where continuous monitoring occurs than where sampling is
comprised of once-a-week grab samples. This is so because based on continuous
monitoring the, event is provably small, but with the much less frequent
sampling the event is not provably small and can be considerably worse than
indicated by the sample.

The frequency of recurrence is of considerable interest to those modeling
dissolved oxygen concentratiàns because the return period, or period between
recurrences, is a primary modeling consideration contingent upon probabilities
of receiving water volumes, waste loads, temperatures, etc. It should be
apparent that return period cannot be isolated from the other four factors

discussed above. Ultimately, the question of return period may be decided on -

a site-specific basis taking into account the other factors (duration,
magnitude, areal extent, and biological significance) mentioned above. Future
studies of temporal patterns of dissolved oxygen concentrations, both within
and between years, must be conducted to provide a better basis for selection
of the appropriate return period.

In conducting waste load allocation and treatment plant design computa-
tions, the choice of temperature in the models will be important. Probably
the best option would be to use temperatures consistent with those expected in
the receiving water over the critical dissolved oxygen period for the biota.

B. The Criteria and Manipulatable Discharges

If daily minimum dissolved oxygen concentrations are perfectly serially
correlated, i.e., if the annual lowest daily minimum dissolved oxygen concen-
tration is adjacent in time to the next lower daily minimum dissolved oxygen
concentration and one of these two minima is adjacent to the third lowest
daily minimum dissolved oxygen concentration, etc., then in order to meet the
7-day mean minimum criterion it is unlikely that there will be more”thah three
or four consecutive daily minimum values below the acceptable 7-day mean
minimum. Unless the dissolved oxygen pattern is extremely erratic, it is also
unlikely that the lowest dissolved oxygen concentration will be appreciably
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below the acceptable 7-day mean minimum or that daily minimum values below the
7-day mean minimum will occur in more than one or two weeks each year. For
some discharges, the distribution of dissolved oxygen concentrations can be
manipulated to varying degrees. Applying the daily minimum to manipulatable

- discharges would allow repeated weekly cycles of minimum acutely acceptable
dissolved oxygen values, a condition of probable stress and possible adverse
biological effect. If risk of protection impairment is to be minimized, the
application of the one day minimum criterion to manipulatable discharges
should either limit the frequency of occurrence of values below the acceptable
7-day mean minimum or impose further limits on the extent of excursions below
the 7-day mean minimum. For such controlled discharges, it is recommended
that the occurrence of daily minima below the acceptable 7-day mean minimum be
limited to 3 weeks per year or that the acceptable one-day minimum be
increased to 4.5 mg/i for coidwater fish and 3.5 mg/l for warmwater fish.
Such decisions could be site-specific based upon the extent of control, serial
correlation, and the resource at risk. -
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April 2, 2004

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

Re: Illinois AssociationofWastewaterAgenciesDissolvedOxygenStudy

DearDennis,

As a follow up onourconversationofApril 1, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(IAWA) dissolvedoxygenstudy.
As you areawareIAWA is very interestedin implementingthis studyandmodifying the
Illinois waterquality standardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterquality standardswill be enhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feel thestudyhasfollowed closelytheUSEPA
protocolsandbuildsuponthepreviouswaterquality standard.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 basedon naturalfluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
daynilming averagesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof6.0mg/L whenmostearlylife stagesof fish arepresentanda7-dmean
minimumof4.0 mgIL whenmostearlylife stagesoffish areabsent.This featurealone
addssignificantlyto thestandardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

I havetransmittedacopyofthereportto you; we would appreciateyourthoughtson the
study. Also,pleasedon’t hesitateto sharethestudywith othersin the agricultural
communitiesto elicit theirresponsesaswell. ThegoalofTAWA is to includecomments



ofall interestedstakeholders.Furtherwewish to surethattheconcernsof theagricultural
communityareansweredbeforetheIAWA makesthemoveto askthepollution control
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith you andif you haveanyquestionsdon’t
hesitateto give meacall at (630)530-3046.

Sincerely,

DennisStreicher
DirectorofWater& Wastewater
630.530.3046office
630.834.0298fax

Cc: JAWA 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 ourconversationofMay25, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(JAWA) dissolvedoxygenstudy.
Earlierin April of2004I hadtransmitteda copyofthestudy to you for comments.

As you areawareIAWA is very interestedin implementingthisstudyandmodifying the
Illinois waterqualitystandardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterqualitystandardswill be enhancedby a scientificallywell founded
dissolvedoxygenstandardin Illinois. We feel thestudyhasfollowedcloselytheUSEPA
protocolsandbuilds uponthepreviouswaterqualitystandard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Notethatthestudyspecifically
excludesLakeMichigan andwetlandsfrom considerationforDO limits changes.

TheIAWA commissionedthisstudywith the goalofincorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathat hasbeendevelopedsincethattime. The
final draft will thenmakerecommendationsto modify Illinois waterquality standardsfor
DO basedon naturalfluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
dayrunningaveragesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof6.0 mg!L whenmostearlylife stagesoffish arepresentanda 7-dmean
minimumof4.0 mg!L whenmostearlylife stagesof fish areabsent.This featurealone
addssignificantlyto thestandardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.



At this timetheIAWA hasfiled apetitionwith theIllinois Pollution ControlBoard
(IPCB) to incorporatethestudiesresultsinto Illinois generalusewaterstandards.The
IPCB hasagreedto hearthepetitionandhassetdatesin JuneandAugustto receive
testimonyfrom interestedstakeholders.We would appreciateyourthoughtsonthestudy.
Also,pleasedon’t hesitateto sharethestudywith othersin the agriculturalcommunities
to elicit theirresponsesaswell. ThegoalofIAWA is to includecommentsofall
interestedstakeholders.

Onceagainit wasenjoyablespeakingwith you and if youhaveany questionsdon’t
hesitateto givemeacall at (630)530-3046.

Sincerely,

DennisStreicher
DirectorofWater& 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
interest in theIllinois AssociationWastewaterAgencies(IAWA) dissolvedoxygenstudy.
As you areawareIAWA is very interestedin implementingthis studyandmodifying the
Illinois waterquality standardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterquality standardswill be enhancedby a scientificallywell founded
dissolvedoxygenstandardin Illinois. We feelthestudyhasfollowed closelytheUSEPA
protocolsandbuildsuponthepreviouswaterqualitystandard.In additionit incorporates
thespecialfeaturesof theIllinois warmwaterchemistry.Note thatthestudyspecifically
excludesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheIAWA commissionedthis studywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986;thenaddingnewdatathathasbeendevelopedsincethat time. The
final draftwill thenmakerecommendationsto modify Illinois waterquzditystandardsfor
DO basedon natural fluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
day runningaveragesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof6.0 mg/L whenmost earlylife stagesof fish arepresentanda7-dmean
minimumof4.0mg/L whenmostearlylife stagesoffish are absent.This featurealone
addssignificantly to thestandardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

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



stakeholders.Furtherwewishto surethat theconcernsofthe industrialdischarger
communityareansweredbeforetheIAWA makesthemoveto askthepollution control
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith you and if youhaveanyquestionsdon’t
hesitateto givemea call at (630) 530-3046.

Sincerely,

DennisStreicher
Directorof Water& 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 Associationof WastewaterAgenciesDissolvedOxygenStudy

DearDr. Krug,

As afollow up on ourconversationofApril 12, 2004,I’d like to thankyou for your
interestin theIllinois AssociationWastewaterAgencies(JAWA) dissolvedoxygenstudy.
As you areawareIAWA is very interestedin implementingthis studyandmodifying the
Illinois waterquality standardsasregardsto dissolvedoxygen. It is ouropinionthat
manyotherwaterquality standardswill be enhancedby ascientificallywell founded
dissolvedoxygenstandardin Illinois. We feel thestudyhasfollowed closelytheUSEPA
protocolsandbuildsuponthepreviouswaterquality standard.In additionit incorporates
thespecialfeaturesoftheIllinois warmwaterchemistry.Note that thestudyspecifically
excludesLakeMichiganandwetlandsfrom considerationfor DO limits changes.

TheIAWA commissionedthis studywith thegoalof incorporatingapreviousstudyby
Chapmanin 1986; thenaddingnewdatathathasbeendevelopedsincethattime. The
final draftwill thenmakerecommendationsto modify Illinois waterquality standardsfor
DO basedonnaturalfluctuationsin aquaticsystemsandphysiologicaltolerancesof
nativeaquaticlife. Themostsignificantrecommendationsaretheincorporationofseven
day runningaveragesfor themeanandminimumDO concentrations.Themeanwouldbe
7-dmeanof6.0mg/L whenmostearlylife stagesoffish arepresentanda7-dmean
minimumof 4.0 mg!L whenmostearlylife stagesoffish areabsent.This featurealone
addssignificantlyto thestandardsasit recognizestheseasonalityofthenaturalaquatic
systemsin Illinois. Therecommendedstandardsareeitherequivalentto ormore
conservativethanthepreviouslyestablishednationaldissolvedoxygenstandards.

I havetransmitteda copyofthereportto you; wewould appreciateyour thoughtson the
study.Also, pleasedon’t hesitateto sharethestudywith othersthat you representto elicit
theirresponsesaswell. ThegoalofIAWA is to includecommentsofall interested
stakeholders.Furtherwewishto surethattheconcernsofthe industrial discharger



communityareansweredbeforethe IAWA makesthemoveto askthepollution control
boardto modify thestandardsin Illinois.

Onceagainit wasenjoyablespeakingwith you andif youhaveanyquestionsdon’t
hesitateto givemeacall 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,TheOhio 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,DepartmentofZoology,TheOhio State

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

StateUniversity
1990-1996 GraduateTeachingAssociate,DepartmentofZoology,TheOhio

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

Islands

FieldsofResearchCompetence

Aquatic ecology,fish ecology,basicand appliedfish biology, limnology,iood
webdynamics,bioenergetics,life historymodeling

HonorsandAwards

2001 BestOral Presentation,AnnualMeetingoftheIllinois Chapterof the
AmericanFisheriesSociety,February2001

2000 BestOral Presentation,2000Annual MeetingoftheKansasChapterofthe
AmericanFisheriesSociety,Manhattan,Kansas

1999 Article titledACompetitionbetweenlarval fishesin reservoirs:theroleof
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relativetiming of appearance@(co-author,R.A. Stein)wasamong5
nominatedby aselectioncommitteefor BestPaperin Transactionsof the

AmericanFisheriesSociety(out of —100 articles)
1999 AmericanSocietyofLimnologyand Oceanography=sDIALOG III

Symposium,Bermuda,October1999
1998 GraduateFacultyStatus,KansasStateUniversity, November1998
1996 BestPoster,AnnualMeetingoftheAmericanFisheriesSociety,Dearborn,

Michigan,August1996
1996 UniversityPresidentialFellowship,July 1996
1995 HonorableMention,BestOralPresentation,AnnualMeetingof the

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
(RUI proposal)

2004 Member,SkinnerAward Committee,AmericanFisheriesSociety
(secondterm)

2004 NorthCentralRepresentative,EarlyLife HistorySection,
AmericanFisheriesSociety.

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

2003 Moderator,RiverSession,Illinois Chapterofthe American
FisheriesSociety,RendLake,IL, February2003

2002 Reviewer,NationalScienceFoundationproposal,EcologyPanel,
August 2002

2002 Chair,StudentJudgingof OralPresentations,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,StudentPaperPresentations,AmericanFisheriesSociety
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NationalMeeting,August2000
1994-presentPeerReviewer,Behaviour,Biological Invasions,Canadian

JournalofZoologyTransactionsoftheAmericanFisheries
Society,North AmericanJournalofFisheriesManagement,
Ecology,EcologicalApplications,GreatBasinNaturalist,
AmericanMidlandNaturalist,PrairieNaturalist,Journalof
PlanktonResearch,AnimalBehaviour,JournaloftheNorth
AmericanBenthologicalSociety,NorthwestScience,North
AmericanJournalofAquaculture,ProceedingsoftheRoyal
AcademyofScience—GreatBritain

CurrentSocietyMemberships

2003-present HonoraryMember,AmericanInstituteof Biological
Sciences
1 990-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 SamParrBiological Station,Illinois NaturalHistorySurvey,June2000
2000 NortheastDivision Meetingof theAmericanFisheriesSociety,April 2000
2000 Departmentof Zoology,Universityof Wisconsin - Madison,February

2000
1999 DepartmentofBiology, William JewellCollege,Missouri,September

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

1998
1997 Apple ValleyFishingClub, AppleValley, Ohio, October1997
1996 DepartmentofBiological Sciences,UniversityofPittsburgh,December

1996.

TechnicalReports

Garvey,J.E.,andM.R Whiles. 2003. An assessmentofnationalandIllinois dissolved
oxygenwaterqualitycriteria. Illinois Associationof WastewaterAgencies. 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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Sheehan.2003. Responsesoffish, waterbirds,invertebrates,vegetation,and
waterquality to environmentalpool management:MississippiRiverPool25.
U.S.Army CorpsofEngineers.181 pages.

Garvey,J.E. 2002. Winterhabitatusedby fishesin SmithlandPool, Ohio River. U.S.
FishandWildlife ServiceandU.S.Army CorpsofEngineers,90 pages.

Garvey,J.E.,andR.J. Sheehan.2001.Winter habitatassociationsofriverine fishes:
predictionsfor the Ohio River, U.S. FishandWildlife 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.
Assessingtheinfluenceofsizeonoverwintersurvivalof largemouthbassin Ohio
on-streamimpoundments.Ohio Division of Wildlife 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. Brown andC.S.Guy, editors. AnalysisandInterpretationof Freshwater
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 theGulfof
Maine” by SpencerApollonio. ColumbiaUniversityPress,NewYork. 2002.
229 pp. Appearedin BioScience53(10):1004-1006.(Invited)

Peer-ReviewedPublications(SelectedAbstractsat
http://www.science.siu.edu/zoology/garvey/pubs.htmi)

Garvey,J.E., K.G. Ostrand,and D.H. Wahl, In press. Interactionsamongallometric
scaling,predationandrationaffect size-dependentgrowth andmortality offish
duringwinter.Ecology. Aug. 2003.

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

Colombo,R.E.,P.S.Wills, andJ.E. Garvey. 2004. Useofultrasoundimagingto
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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
Fisheriesand AquaticSciences60(8):938-948.

Micucci, S.M., J.E. Garvey, R.A. Wright, andR.A. Stein. 2003. Individual growthand
foragingresponsesofage-0largemouthbassto mixedpreyassemblagesduring
winter. EnvironmentalBiologyof Fishes67(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
nativeandexoticcrayfishes.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
recruitmentin NorthAmerica:quantifyingunderlyingecologicalmechanisms
alongenvironmentalgradientsBlackbass:ecology,conservationand
management.Editedby D. Philipp andM. Ridgway. AmericanFisheriesSociety
Symposium31:7-23.

Garvey,J.E.,D.R. DeVries,R.A. Wright, andJ.G.Miner. 2003. Energeticadaptations
alonga broadlatitudinalgradient:implicationsfor widelydistributed
communities.BioScience53(2):141-150.

Garvey,J.E., T.P. Herra,and W.C. Leggett. 2002. Protractedreproductionin sunfish:
the temporaldimensionin fish recruitmentrevisited. EcologicalApplications
12:194-205.

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

Fullerton,A.H., J.E. Garvey,R.A. Wright, andR.A. Stein. 2000. Overwintergrowth
and survivaloflargemouthbass:interactionsamongsize, food,origin, andwinter
duration.TransactionsoftheAmericanFisheriesSociety 129:1-12.

Wright, R.A., J.E. Garvey, A.H. Fullerton, andR.A. Stein. 1999. Usingbioenergetics
to explorehow winterconditionsaffect growthandconsumptionof age-U
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: revisiting therole ofbody 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
growthof age-0largemouthbassin reservoirs.TransactionsoftheAmerican
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,andR.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 thedetritivorousgizzardshad
(Dorosomacepedianum)in areservoirecosystem.LimnologyandOceanography
42(6):1386-1397.

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

Garvey,J.E.,andR.A. Stein. 1993. Evaluatinghow chelasizeinfluencestheinvasion
potentialofan introducedcrayfish,Orconectesrusticus. AmericanMidland
Naturalist 129:172-181.

Garvey, J.E., H.A. Owen,andR.W. Winner. 1991. Toxicity ofcopperto thegreenalga,
Chiamydomonasreinhardtii (Chiorophycea),asaffectedby humicsubstancesof
terrestrialand freshwaterorigin. AquaticToxicology 19:89-96.

OralPresentationsandPosters(LastFive Years)

Williamson, C.J.,andJ.E. Garvey. Growthandmortalityof silver carp:implicationsfor
its rise to dominancein theMiddle MississippiRiver. Illinois Chapterof the
AmericanFisheriesSociety,Champaign,IL, March2004.(Oralpresentationby
Williamson)

Koch,B.T., J.E.Garvey, andM. Lydy. Theeffectsof landuseon organochiorine
accumulationin middleMississippiRiver shovelnosesturgeon:intersexuality
andreproductiveconsequences.Illinois Chapterof theAmericanFisheries
Society,Champaign,IL, March 2004. (Oralpresentationby Koch)

Csoboth,L.A., D.W. Schultz,K. DeGrandChamp,J.E. Garvey, andR.M. Neumann.
Fishresponseat abackwater-riverinterchange:theSwanLakerehabilitationand
enhancementproject. Illinois Chapterof theAmericanFisheriesSociety,
Champaign,IL, March2004. (Posterpresentation)

Colombo,R.E.,J.E.Garvey,andR.C. Heidinger. Comparingdemographicsof channel
catfishin fishedandun-fishedreachesof theWabashRiver. 64~Meetingofthe
Midwest FishandWildlife 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. 64th Meetingof theMidwestFish and
Wildlife Conference.KansasCity, December2003 (Oral presentationby Spier)

Marschall,E.A., andJ.E. Garvey. Understandinglatitudinal trendsin fish body size
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throughmodelsOfoptimalseasonalenergyallocation.
88

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

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

Garvey, J.E. Importanceofflood-plainconnectivityto fish assemblagesin the
MississippiRiver. Middle MississippiRiverWorkgroupMeeting,Carbondale,
IL, June2003. (Oralpresentationby Garvey)

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

Spier,T., J. Garvey, R. Heidinger,R. Sheehan,P.Wills, andK. Hurley. Demographics
and habitat usage of pallid sturgeon in theMiddleMississippiRiver. Meetingof
the Illinois ChapterofAmericanFisheriesSociety,RendLake,IL, February2003
(Oralpresentation by Spier)

Jackson,N.D., J.E.Garvey,R.C. Heidinger,andR.J.Sheehan.Ageandmortality of
shovelnosesturgeon,Scaphirhynchusplatorynchus,in theMiddleMississippi
Riverand LowerWabashRivers,Illinois. MeetingoftheIllinois Chapterof
AmericanFisheriesSociety,RendLake,IL, February2003(Oralpresentationby
Jackson)

Flmnn, M.B., S. R. Adams,M.R. Whiles,J.E.Garvey,B.M. Burr, andR.J.Sheehan.Fish
andmacroinvertebrateresponsesto environmentalpooi managementin
MississippiRiverPool25. MeetingoftheIllinois ChapterofAmericanFisheries
Society,RendLake,IL, February2003 (Oralpresentationby Flmnn)

Colombo,R.E.,J.E. Garvey,R.C. HeidingerandR.J.Sheehan.Population
demographicsof channelcatfishIctaluruspunctatusin theWabashRiver.
MeetingoftheIllinois ChapterofAmericanFisheriesSociety,RendLake,IL,
February2003 (Oral presentationby Colombo)

Garvey,J.E. Earlygrowthofcentrarchidsalongaproductivitygradient:settingthe
stagefor futureinteractions.AmericanFisheriesSocietyMeeting,Baltimore,
MD, August2002(Oralpresentation)

Ostrand,K.G., S.J.Cooke,J.E.Garvey,D.H. Wahl. Age-0largernouthbass:the
overwintereffectsofpreytypeon growthand springswimmingperformance.
AmericanFisheriesSocietyMeeting,Baltimore, MD, August2002(Oral
presentationby Ostrand)

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

Garvey,i.E. Usingoptimalallocationmodelsto explainlatitudinal trendsin recruitment
of largemouthbass. Illinois RenewableNaturalResourcesConference,Peoria,
IL, February2001 (Oral presentation;receivedBestOral 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 atallgrassprairiestream.NorthAmericanBenthologicalSociety
Meeting,Colorado,May 2000(Oral presentationby Dodds).

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

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

Garvey,J.E., T.P. Herra, andW.C. Leggett.Mechanismsunderlyingthe spatial
distribution oflarvalsunfish(Lepomisspp.)in LakeOpinicon,Ontario.
AmericanFisheriesSocietyMeeting- Charlotte,NorthCarolina,August1999
(Oral presentation).

Garvey,i.E. Interactionsbetweenecosystemsandlife histories:predictingfish
communitystructurein lakes.KansasEPSCoRConference,Topeka,KS, April
1999(Posterpresentation).
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MATT ROWLAND WHILES

Departmentof Zoology
Southern Illinois University

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

PERSONAL INFORMATION

Born December4, 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,andbiologicalassessmentoffreshwaterhabitats.

PROFESSIONALEXPERIENCE

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

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

2000- Adjunct AssistantProfessorof Entomology,KansasStateUniversity
Servingasa graduatecommitteememberfor studentspursuingstudiesin the
areaofaquaticinvertebrateecology
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PROFESSIONALEXPERIENCE(continued)

1997-00 AssistantProfessorofEntomology’ (non-tenuretrack),KansasStateUniversity
TaughtInsectEcology,InsectsandPeople,EconomicEntomology,
and an interdisciplinaryEnvironmentalConcernscourse. Advisedgraduate
researchin invertebrateecology.

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

1996- Adjunct Graduate Faculty, UniversityofMemphis
Graduatecommitteememberfor studentsworkingin aquaticecology.

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

1994 Laboratory Coordinator,UniversityofGeorgia
Instructed,scheduled,andsupervisedgraduateteachingassistantsfor the
GeneralBiology program.

1988-94 ResearchAssistant,UniversityofGeorgia
Investigatedtherole ofaquaticinvertebratesin streamecosystemfunction.
Participatedin all aspectsof a long-termstudy includingsamplingand
processingofinvertebratecommunities,organicmatter,andwaterchemistry.

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

1987-87 UndergraduateResearchAssistant,KansasStateUniversity
Investigatedsmall mammalbehavioron islandsin theSeaofCortezwith and
withoutreptilianpredators.

1985-87 Undergraduate ResearchAssistant,KansasStateUniversity
Examinedmacroinvertebratecommunitydynamicsin streams with contrasting

hydrologicregimes on theKonzaPrairieResearchNaturalArea.

HONORSAND AWARDS

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

Dodds,W. K., and M. R. Whiles. Inpress. Factorsrelatedto qualityand quantityofsuspended
particlesin rivers:generalcontinent-scalepatternsin theUnitedStates.Environmental
Management:

Whiles, M. R., J. B. Jensen,J. G. Palis,andW. G. Dyer. Inpress. Dietsoflarval flatwoods
salamanders,Ambystomacingulatum,from FloridaandSouthCarolina. Journalof
Herpetology.

Whiles,M. R., andJ. E. Garvey. Inpress. Freshwaterresourceswithin the Shawnee-Hoosier
EcologicalAssessmentRegion. SpecialPublicationof theUSDAForestService:

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. Neotropical
tadpolesinfluencestreambenthos:evidencefor ecologicalconsequencesof amphibian
declines. FreshwaterBiology49: 274-285.

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

waterquality. Pages114-120In: VanSambeek,J.W.; J.O.Dawson;F. Ponder,Jr.; E.F.
Loewenstein;andJ.S.Fralish, eds.Proceedings,13thCentralHardwoodForest
Conference;Urbana,IL. Gen.Tech.Rep.NC-234. St. Paul,MN: USDA ForestService,
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.
MacroinvertebratesinNorthAmericantallgrassprairie soils: Effectsoffire, mowing,and
fertilizationon densityandbiomass.Soil BiologyandBiochemistry35:1079-1093.

Whiles,M. R., andW. K. Dodds. 2002. Relationshipsbetweenstreamsize,suspended
particles,andfilter-feedingmacroinvertebratesin a GreatPlainsdrainagenetwork.
JournalofEnvironmentalQuality 31: 1589-1600.

Jonas,J.,M. R. Whiles,andR. E. Charlton. 2002. Abovegroundinvertebrateresponsesto land
managementdifferencesin acentralKansasgrassland.EnvironmentalEntomology31:
1142-1152.

Stagliano,D. M., andM. R. Whiles. 2002. Macroinvertebrateproductionandtrophic structure
in a taligrass prairie headwater stream. JournaloftheNorthAmericanBenthological
Society2l:97-113.

Callaham,M. A., M. R. Whiles,andJ. M. Blair. 2002. Annual fire, mowing, andfertilization
effectson two annualcicadas(Homoptera:Cicadidae)in taligrassprairie. American
MidlandNaturalist 148: 90-101.

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

Whiles,M. R., andB. S. Goldowitz. 2001. Hydrologic influenceson insectemergence
production from central PlatteRiverwetlands.EcologicalApplications11: 1829-1842.

Whiles,M. R. M. A. Callaham,C. K. Meyer, B. L. Brock, andR. E. Charlton. 2001.
Emergenceofperiodicalcicadasfrom aKansasriparianforest: densities,biomass,and
nitrogenflux. AmericanMidlandNaturalist 145: 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. Wollheim. 2001.
Quantificationofthenitrogencycle in aprairie stream.Ecosystems:3: 574-589.

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

Jensen,J. B., andM. R. Whiles. 2000. DietsofsympatricPlethodonpetraeusandPlethodon
giutinosus.JournaloftheElishaMitchellScientificSociety116: 245-250.

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

Alexander,K. A., andM. R. Whiles. 2000. A newspeciesof IronoquiaBanks(Trichoptera:
Limnephilidae)from thecentralPlatteRiver,Nebraska.EntomologicalNews: 111: 1-7.

Whiles,M. R., B. S. Goldowitz,andR.Chariton. 1999. Life historyandproductionof asemi-
terrestriallimnephilid caddisilyin aPlatteRiver wetland.JournaloftheNorth American
BenthologicalSociety18: 533-544.

Goldowitz, B. S.,andM. R. Whiles. 1999. Investigationsoffish, amphibians,and aquatic
invertebrateswithin themiddlePlatteRiver system.Publishedfinal Report,Platte
WatershedProgram,CooperativeAgreementX99708101,USEPA.

Whiles,M. R., andB. S. Goldowitz. 1998. Biological responsesto hydrologicfluctuationin
wetlandsloughsof thecentralPlatteRiver. In Lingle, G. (ed.)ProceedingsoftheNinth
PlatteRiverBasinEcosystemSymposium.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 SatelliteBranchat CoweetaHydrologicLaboratory,North
Carolina,USA. JournaloftheNorth AmericanBenthologicalSociety16: 67-74.

Whiles,M. R. and J. B. Wallace. 1996.Macroinvertebrateproductionin aheadwaterstream
duringrecoveryfrom anthropogenicdisturbanceandhydrologicextremes.C’anadian
Journal ofFisheriesandAquaticSciences52: 2402-2422.

Wallace,J.B., J. W. Grubaugh,andM. R. Whiles.1996. The influenceof coarsewoodydebris
on streamhabitatsandinvertebratebiodiversity.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 anexperimentalstudy. EcologicalApplications6: 140-151

Whiles,M. R. andJ.W. Grubaugh.1996. Coarsewoodydebrisand amphibianandreptile
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. Cuffriey, G. J.Lugthart,andK. Chung. 1995.
Long-termdynamicsofcoarseparticulateorganicmatterin threeAppalachianMountain
streams.JournaloftheNorth AmericanBenthologicalSociety14: 217-232.

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

Wallace,J. B., M. R. Whiles,J. R. Webster,T. F. Cuffney,G. J.Lugthart, andK. Chung.1993.
Dynamicsofparticulateinorganicmatterin headwaterstreams:linkageswith
invertebrates.Journalofthe’North AmericanBenthologicalSociety12: 112-125.

Whiles,M. R. andJ. B. Wallace.1992. First-yearbenthicrecoveryof asouthernAppalachian
streamfollowing threeyearsof insecticidetreatment.FreshwaterBiology28: 81-91.

Hooker,K. L. andM. R. Whiles. 1988. A techniquefor collectionandstudyofsubterranean
invertebrates.SouthwesternNaturalist33: 375-376.

ORAL PRESENTATIONS

Meyer,C. K., M. R. Whiles,S. G. Baer,andB. S. Goldowitz. 2004.Macroinvertebrate
communitiesandecosytemfunctionin backwatersloughsofthecentralPlatteRiver:
influenceof hydrologicgradientsandrestorationactivities. Invitedsymposia:
Entomologyin PrairieEcosystems.AnnualmeetingsoftheNorthCentralBranchof the
EntomologicalSocietyofAmerica,KansasCity, MO.

Regester,K.J., K. R. Lips, and M. R. Whiles. 2004. Thesignificanceofpond-breeding
salamandersto energyflow andsubsidiesin anIllinois forestecosystem.Midwest
EcologyandEvolutionConference,UniversityofNotreDame,March5-7.

Walther,D. A., M. R. Whiles,D. W. Butler, andM. B. Flmnn. 2004. Communitylevel
estimationofnon-predatorychironomidproductionin asouthernIllinois stream.Annual
meetingsoftheNorthCentralBranchoftheEntomologicalSocietyofAmerica,Kansas
City, MO.

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

Whiles, M. R. 2003. Freshwatermacroinvertebratecommunitiesanddisturbance:tools for
basicandappliedinvestigationsin freshwaterecosystems.Invitedseminarspeaker,
PurdueUniversityDepartmentofForestry,Fisheries,andWildlife.



6

Callaham,M.A., Jr., M.R. Whiles, P.F. Hendrix, andJ.M. Blair. 2003. Usingnatural
abundancestableisotopesto examinethefeedingecologyofcicadasin tallgrassprairie.
Invitedsymposiumpresentation,EntomologicalSocietyofAmericaAnnual Meetings,
CincinnatiOH.

Whiles,M. R. 2003. Biological responsesto hydrologicvariability andrestorationactivitiesin
centralPlatteRiverbackwaterwetlands. Invitedseminarspeaker,EasternIllinois
UniversityDept. of Biology.

Callaham,M.A., Jr.,P.F.Hendrix, J.M. Blair, andM.R. Whiles. 2003. Naturalabundanceand
tracerapplicationsof stableisotopesfor examinationofsoil invertebratefeedingecology.
Invitedsymposiumpresentationat Soil ScienceSocietyofAmericaAnnualMeetings,
Denver,CO.

Whiles,M. R. 2003. Biological responsesto hydrologicvariability in PlatteRiverbackwater
wetlands. Invitedseminarspeaker,UniversityofIllinois Dept.ofNaturalResourcesand
EnvironmentalSciences.

Flmnn, M. B., M. R. Whiles,andS. R. Adams. 2003. Responseofaquaticmacroinvertebratesto
environmentalpooi managementandvegetationin MississippiRiver backwaterwetlands.
AnnualMeetingsoftheNorthAmericanBenthologicalSociety,Athens,GA.

Stone,M. L., M. R. Whiles,J.A. Webber,andK. J.Williard. 2003. Influenceofriparian
vegetationon waterquality, in-streamhabitat,andmacroinvertebratesin southernIllinois
agriculturalstreams.AnnualMeetingsoftheNorthAmericanBenthologicalSociety,
Athens,GA.

Oneill, B. J.,S. E. Garvey,M. R. Whiles,and K. A. Lips. 2003. Scale-dependent
interrelationshipsamongfish, landscapecharacteristics,andambystomatidsalamanders
in forestponds. Jointmeetingof ichthyologistsandherpetologists,Manaus,Brazil.

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

Adams,S. R. M. B. Flinn, B. M. Burr, R. S. Sheehan,andM. R. Whiles. 2002. Larvalecology
ofbluesucker(Cycleptuselongatus)in theMississippiRiver. AmericanSocietyof
IchthyologistsandHerpetologistsmeetings,KansasCity, MO.

Whiles, M. R. 2002. Ecologyandecosystemsignificanceofcicadasin atallgrassprairie
landscape.Invitedseminarspeaker,Dept. ofBiology, UniversityofMemphis.

Whiles, M. R., andB. S. Goldowitz. 2002. Influenceofhydrologyandfish on
macroinvertebratecommunitiesin backwatersloughsofthecentralPlatteRiver,
Nebraska. AnnualMeetingsof theNorthAmericanBenthologicalSociety,Pittsburgh.

Whiles,M. R., M. L. Stone,S. Webber,andK. Williard. 2001. The influenceofforested
riparianbufferson waterqualityandstreaminvertebratesin SugarCreekdrainage,
Illinois. Governor’sConferenceon ManagementoftheIllinois river system,Peoria,Ii.

Webber,J.A., K. W. Williard, M. R. Whiles,andM. L. Stone. 2001. Watershed-scale
assessmentofthe impactof forestedriparianbuffer stripson streamwaterqualityand
biotic integrity. EcologicalSocietyof America2’~InternationalNitrogenConference,
Potomac,MD.

Evans-White,M. A., W. K. Dodds,andM. R. Whiles. 2001. Trophicbasisofproductionof
crayfishandcentralstonerollersin aprairiestream. 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. andM. L. Stone. 2001. Relationshipsbetweenriparianzonevegetation,water
quality, andstreaminvertebratecommunities. MidwesternRenewableNaturalResources
Conference,Peoria,Illinois.

Jensen,J.B., C. Camp,S.L. Marshall,andM. R. Whiles. 2001. Recentadvancesin the
knowledgeofdistributionandnaturalhistoryofthePigeonMountainsalamander
(Plethodonpetraeus). JointannualmeetingoftheHerpetologistsLeagueandthe Society
fortheStudyof AmphibiansandReptiles,Indianapolis,Indiana.

Stagliano,D. M. andM. R. Whiles.2000. Aquatic invertebratetrophicstructureand secondary
productionin a tallgrassprairie stream. AnnualMeetingsof theNorthAmerican
BenthologicalSociety,Keystone,Colorado.

Meyer,C. K., Whiles,M. R., andR. E. Chariton. 2000. Secondaryproductionandenergeticsof
grass-feedingacrididsin tallgrassprairie. Annualmeetingsof theSouthwesternBranch
oftheEntomologicalSocietyofAmerica,Dallas,TX.

Jonas,J. L., M. R. Whiles,and R. E. Charlton. 2000. Landusepatternsandinsectdiversityin a
centralKansasgrassland.AnnualmeetingsoftheSouthwesternBranchofthe
EntomologicalSocietyofAmerica,Dallas,TX.

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

Whiles,M. R., andB. S. Goldowitz. 1999. Influenceofhydrologyon aquaticinsectemergence
productionfrom backwatersloughsofthecentralPlatteRiver,Nebraska.Annual
meetingsoftheNorthAmericanBenthologicalSociety,Duluth, MN.

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

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

Whiles,M. R. 1999. NaturalHistory andemergenceproductionpatternsof cicadas
(Hornoptera:Cicadidae)on theKonzaPrairieResearchNaturalArea,Kansas.Invited
seminarspeaker,Universityof Kansas,November4, 1999.

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

26
th meetingsoftheKS Herp.Society,Pratt.

Whiles,M. R. 1999. Ecologyandsignificanceofcicadasin atallgrassprairie ecosystem.
Invited seminarspeaker,Universityof Maine,October21, 1999.

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

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

Whiles,M. R. 1999. Aquaticinvertebratecommunitiesanddisturbance:tools for basicand
appliedinvestigations.Invitedseminarspeaker,SouthernIllinois University.

Whiles,M. R., A. Franzen,S. Dinsmore,andB. L. Brock. 1998. Useofinvertebraterapid
bioassessmentfor identificationof streamreachescontributingto waterquality
degradationin anortheastNebraskareservoir. Joint meetingsof theAssociationof
LimnologistsandOceanographersandtheEcologicalSocietyofAmerica,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 hydrologicfluctuationin
wetlandsloughsofthecentralPlatteRiver. The9th PlatteRiverBasinEcosystem
Symposium,Kearney,NE.

Whiles,M. R. 1997. Invertebratebioassessment:advantages,techniques,andapplications.
Invited speaker,ann. meetingsoftheNebraskaNaturalResourceDistricts,Kearney,NE.

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

Whiles,M. R. 1996. Disturbance,invertebratecon~imunities,andstreamecosystemprocessesin
southernAppalachianstreams.Invitedseminarspeaker,TexasTechUniversity,
Lubbock.

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

Whiles,M. R., andS. Bruce Wallace. 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.Invited seminar,BerryCollege,
Mount Berry, Georgia.

Whiles,M. R. andJ. B. Wallace.1994.Long-termmeasurementsofcoarseparticulateorganic
matterexportfrom headwaterstreams.AnnualmeetingoftheNorthAmerican
BenthologicalSociety,Orlando,Florida.

Grubaugh,S. W., Wallace,S. B., and M. R. Whiles.1994. 1956-57versus1991-92:A
comparisonofmacroinvertebratecommunitiesandpotentialeffectsof changingland
usagein a Georgiapiedmontriver. AnnualmeetingoftheNorthAmericanBenthological
Society,Orlando,Florida.
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Whiles, M. R. 1993.Coarsewoodydebrisandamphibianandreptilediversityin southern
forests. Conferenceon coarsewoodydebrisin southernforests:effectsonbiodiversity,
UniversityofGeorgia,InstituteofEcology.

Whiles,M. R., andG. S. Lugthart. 1993.Secondaryproductionin aheadwaterstreamduring
recorddry andwet years. AnnualmeetingoftheNorthAmericanBenthologicalSociety,
Calgary,Alberta,Canada.

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

Whiles,M. R., andS.B. Wallace1991. First-yearmacroinvertebratecommunityrecoveryin a
southernAppalachianstreamfollowing an insecticideinduceddisturbance.Annual
meetingoftheNorthAmericanBenthologicalSociety,SantaFe, New Mexico.

Whiles,M. R., Tate, C. M., andK. L. Hooker1988. Theinfluenceofnutrientenrichmentsand
grazers on periphyton growth in Konza Prairie streams. AnnualDivision of Biology
GraduateStudentForum,KansasStateUniversity.

Tate,C.M., Whiles,M.R., andK. L. Hooker1988. Influenceof nutrientsandgrazerson
periphyton biomass in prairie streams. Annual meeting oftheNorthAmerican
BenthologicalSociety,Tuscaloosa,Alabama.

Tate, C.M., Hooker,K.L., andM. R. Whiles 1987. Seasonalresponseofperiphytonto nutrient
enrichmentin prairie streams.AnnualmeetingoftheNorthAmericanBenthological
Society,Orono,Maine.

POSTERPRESENTATIONS

Rowlett, S.H., D. A. Walther,andM. R. Whiles. 2004. A comparisonofmacroinvertebrate
communitystructureon artificial rockriffles to snagandexposedstreambedhabitatsin
CacheRiver, Illinios. Annualmeetingsof theNorthCentralBranchoftheEntomological
SocietyofAmerica,KansasCity, MO.

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

Stone,M. L., M. R. Whiles,S.A. Webber,andK. Williard. 2002. Relationshipsbetween
riparianvegetation,waterchemistry,andstreaminvertebratesin asouthernIllinois
agriculturallandscape.Annualmeetingof theNorthAmericanBenthologicalSociety,
Pittsburgh.

Flinn, M. B., R. Adams,M. R. Whiles, B. Burr, andR. Sheehan.2002. Feedingecologyof
larval bluesuckers(cycleptuselongatus):adirectbenefitof riverinebackwater
invertebratesto amain channelfish. Annual meetingoftheNorthAmerican
BenthologicalSociety,Pittsburgh.

Flinn, M. B., R. Adams,M. R. Whiles, B. Burr, andR. Sheehan.2002. Feedingecologyof
larval bluesuckersin MississippiRiver backwaters.MississippiRiverResearch
Consortiummeetings,LaCrosse,WI.

Meyer,C. K., M. R. Whiles,andR.E. Charlton. 2001. Secondaryproductionandenergeticsof
grasshoppersasaffectedby annualburningin taligrassprairie. Annualmeetingsof the
NorthCentralBranchof theEntomologicalSocietyofAmerica,FortCollins, CO.
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Callaham,M. A., J.M. Blair, T. C. Todd,D. J.Kitchen,andM. R. Whiles. 2001. Fire,
mowing,andfertilizationeffectson macroinvertbrateassemblagesin tallgrassprairie
soils. Soil EcologySocietyConference,Atlanta, Georgia.

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

Corum,R. A., W. K. Dodds,andM. R. Whiles. 2000. Distribution offilter-feeding
invertebratesin centralKansasrivers andstreams.Midwest LimnologicalSociety
Meetings,Lawrence,KS.

Whiles,M. R., D. M. Stagliano,andR. B. Charlton.2000. Bioassessmentofdisturbedprairie
streams:problemswith traditionalfish andaquaticinvertebratemetrics. Annual
MeetingsoftheNorthAmericanBenthologicalSociety,Keystone,Colorado.

Callaham,M. A., M. R. Whiles, C. K. Meyer,B. L. Brock, andR. E. Charlton. 1999.
Emergenceproductionandecologyofannualcicadas(Homoptera:Cicadidae)in taligrass
prairie. AnnualmeetingsoftheEntomologicalSocietyofAmerica, Atlanta,GA.

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

Jonas,S.L., M. R. Whiles,andR. E. Charlton. 1999. Influenceoflandusepatternson insect
diversityin acentralKansasgrassland.AnnualmeetingsoftheEntomologicalSocietyof
America,Atlanta, GA.

Whiles,M. R., M. A. Callaham,C. K. Meyer,B. L. Brock, andR. E. Charlton. 1998. Periodical
cicadaemergenceproductionin a northeastKansasriparianforest. Annualmeetingsof
theEntomologicalSocietyof America,Las Vegas,NV.

Stagliano,D., R. E. Chariton,andM. R. Whiles, 1998. Assessingenvironmentalimpactson
ColbertHills using fish andaquaticinsectcommunities.KansasStateResearchand
ExtensionAnnual Conference,Manhattan,KS.

Alexander,K. A. andM. R. Whiles. 1998. A new speciesof IronoquiaBanks(Trichoptera:
Limnephilidae)from backwatersofthecentralPlatteRiver,Nebraska.NorthAmerican
PrairieConference,Kearney,NE.

Dinsmore,S.,M. R. Whiles,andR. Roberts. 1997. Useofbioassessmentfor identificationof
streamreachescontributingto eutrophicationofanortheastNebraskareservoir. Annual
meetingsofthe SouthwesternAssociationofNaturalists,Fayetteville,Arkansas.

Dinsmore,S.,M. R. Whiles,andR. Roberts. 1996. Biological andchemicalanalysisof
agriculturallyimpactedstreamsin northeastNebraska.31st regionalmeetingsofthe
AmericanChemicalSociety,Sioux Falls,SD.

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

Whiles,M. R. andK. L. Hooker 1987. Subterraneaninvertebratesfrom an artesianspringon
KonzaPrairie. Annualmeetingof theNA BenthologicalSoc.,Orono,Maine.

GRANT REVIEWER

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

Fundamentalsof Ecology,
5

th ed., E. P. Odumand G. Barrett
Ecology,ConceptsandApplications,2’~ed.,M. C. Molles
FreshwaterEcology,W. K. Dodds

MANUSCRIPTREVIEWER

BioScience,Ecology,EcologicalApplications,LimnologyandOceanography
Archiv furHydrobiologie,Journalof theNorthAmericanBenthologicalSociety
EnvironmentalManagement,PrairieNaturalist,AmericanEntomologist
EnvironmentalEntomology,JournalofInsectScience,JournalofEcology
JournaloftheKansasEntomologicalSociety,Bulletin of MarineScience
JournalofCaveandKarstStudies,Wetlands,EnvironmentalToxicologyandChemistry,
New ZealandJournalofMarine andFreshwaterResearch,RestorationEcology

PROFESSIONALSERVICEandMEMBERSHIPS

2002-03 ProgramCommittee,NorthAmericanBenthologicalSociety
2002-03 MembershipDirector,AmericanWaterResourcesAssoc.,Illinois chapter
2000- EntomologicalSocietyofAmerica
1997- SigmaXi
1986- NorthAmericanBenthologicalSociety




