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IN THE MATTER OF: ) STATE OF ILLINOIS
) Pollution Control Board

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

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

SOUTHERN ILLINOIS UNIVERSITY, CARBONDALE, ILLINOIS

Thank you for theopportunityto testif~rbeforetheIllinois Pollution Control

Board during this secondhearingin Springfield,Illinois. As I notedin the first hearing

beforetheBoard,I aman AssistantProfessorin theFisheriesandIllinois Aquaculture

CenterandDepartmentofZoologyat SouthernIllinois University,Carbondale.My

researchinterestsrevolvearoundfish and aquaticecologyin lakesandstreams.The

Illinois AssociationofWastewaterAgenciesaskedDr. Matt Whilesandmeto assessthe

currentIllinois statedissolvedoxygenstandardwhich requiresthatatno timeshall

concentrationsdeclinebelow 5 mg/L andfor atleast16 hourseachdaytheymustremain

above6 mg/L. In ourreport,weconcludedthat this standardis unrealisticfor most

streamsin thestate,becauseoxygenconcentrationsfluctuatebothseasonallyanddaily,

oftendecliningbelow thestatestandards.Theseconclusionswerebasedlargelyon

publishedstudiessummarizingresearchconductedoutsideofIllinois in additionto my

unpublisheddatain tributariesoftheOhio River,whichwerediscussedduringthefirst

hearing.

ProposedRecommendations

To makethestategeneralusestandardmore realistic,Dr. WhilesandI

recommendedthatduringMarch 1 throughJune30 whenearlylife stagesof sensitive



speciesarepresent,aminimumidenticalto thecurrentIllinois standardof 5 rng/L anda

seven-daymeanof6 mg/L shouldbe adopted.Duringwarmer,productivemonthsand

theremainderoftheyearwhenspecieswith sensitiveearlylife stageshavelargely

completedreproduction,werecommendedaminimumof3.5 mgIL andaseven-day

meanminimumof4 mg/L. It is importantto emphasizethatwe includedrunningmeans

to avoidchronicallylow dissolvedoxygenconcentrations.Fortheproposedstandardto

be supported,minimamustnot beviolated,ensuringthat concentrationsneverapproach

critically lethallimits.

AnalysisofIllinois StreamData

In responseto questionsaboutfluctuationsofoxygenin Illinois surfacewaters,I

anulyzedtheapplicabilityofboth thecurrentstatestandardandtheproposedstandardto

eight Illinois streams,in which dissolvedoxygenandtemperaturewereintensively

monitored. My analysisis attachedasExhibit 1. I wasmadeawareofthesedataduring

ameetingwith theUSEPAon June18, 2004. It is myunderstandingthat theUnited

StatesGeologicalSurvey(USGS)andIllinois EnvironmentalProtectionAgency(IEPA)

begancollectingthesedatato addressconcernsabouttheapplicabilityofthecurrentstate

standardto streamsin thestate. I requestedthesedatafrom PaulTerrio,ahydrologist

with USGS,shortly following thefirst hearing. I alsoreviewedoxygenandtemperature

datain otherreportsfor streamsin Illinois. I havesummarizedmy analysisofthesedata

in arecentreportsubmittedto theIllinois Associationof WastewaterAgenciesand

submittedasexhibit ##. PaulTerrio (USGS),RobertMosher([EPA), andMatt Whiles

(SouthernIllinois University)haveprovidedcommentson this reportthatI have

incorporatedinto thefinal draft. Theselong-termdataareunprecedented.I amawareof
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nO othersimilarly comprehensivedatasetfor streamsoftheMidwesternUnitedStates.

Wenowhaveaccessto robustdatathatwill allow usto groundtruththeproposed

dissolvedoxygenstandards.

Theeight, intensivelystudiedstreamreacheswereNorthForkVermilion River

nearBiSmarck,Middle Fork VermilionRivernearOakwood,Vermilion Rivernear

Danville, LuskCreeknearEddyville,MazonRivernearCoalCity, RayseCreeknear

Waltonville,SaltCreeknearWesternSprings,andIllinois RivernearValleyCity.

Duringlate summer2001throughfall 2003,semi-continuousdissolvedoxygenand

temperaturedatawerecollectedby IEPAandUSGS. Thestreamsegmentsvariedwidely

in physicalcharacteristics,surroundinglanduse,and latitude. Five oftheeight stream

segmentsarecurrentlyconsideredimpairedandincludedon themostrecent303-d list

compiledby [EPA. Thenatureofimpairmentvariesfrom nutrientenrichmentin Rayse

Creekto mercuryandPCB contaminationin theIllinois River.

DissolvedOxygenPatternsin Illinois Streams

Theresultsfrom thisanalysisupholdtheconclusionsoftheGarveyandWhiles

report. As expected,dissolvedoxygenconcentrationsdeclinedin all streamsduring

summer,withdiurnalfluctuationsvaryingamongthem. All eight streamsviolatedthe

Illinois statestandard,althoughviolations occurredasinfrequentlyas1% of daysandas

frequentlyas65%of days. Amongtheunlisted,unimpairedstreamsegments,oxygen

dynamicsvariedwidely, with Lusk Creek,a functioningstreamin aforestedwatershed,

regularlyviolating theIllinois standardof 5 mg/L during22%ofdays. In two ofthe

impaired,303-dlisted streams,theIllinois standardwasviolatedfrequently,’with

concentrationsoftendecliningbelow 2 mg/L, which is regardedto belethal for many
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aquaticorganisms.However,in otherlisted streams,dissolvedoxygenconcentrations

weretypically greaterthanthe5 mg/L minimum.

Wemight expectthatnutrientenrichmentis theprimaryfactor affectingdissolved

oxygendynamics Streamswith greaternutnentloadingshouldhavelower oxygen

However,SaltCreek,an impairedstreamwith low biotic integrityandhighnutrient

enrichment,hadhigheraveragedissolvedoxygenconcentrationsthantheMazonRiver,,

‘which wasonly listed for PCBandpathogencontamination.Nutrientenrichmentmust

interactwith otherfactorssuchasstreamphysicalhabitatto affectoxygendynamics.

ApplicationoftheProposedStandard

Adoptionoftheproposedstandardgreatlyreducedthenumberofviolationsin

unimpairedstreamssuchasLusk Creekwhile still capturingviolationsin impaired

str..~ams.In fact, theproposedstandardincreasedthefrequencyofviolationsin two of

theseverelyoxygen-impairedstreamsandidentifiedthetimeperiodwhenoxygen

problemsoccurred.It maybe temptingto regardLuskCreekasan intermediatebetween

a functioningandan impairedsystemandsuggestthatits frequentviolationsofthe

currentstatestandardareawarningsignal. However,this is quitefar from thetruth.

This streamsegmentis in theLusk CreekWildernessareaoftheShawneeNational

Forestandis consideredto bein apristinestate,with ahighly regarded,intact,and

diversefish andmacroinvertebrateassemblage.A concernof theBoardduring thefirst

hearingwasthatminimumoxygenconcentrationsof3.5 mgIL which occurredduring

summerin LuskCreekwould negativelyaffect summer-spawned,earlylife stagesof

residentspecies.It is quite clear,giventherobustassemblagein this systemthatnatural,

summerdeclinesin dissolvedoxygenconcentrationbelowthestatemandated5 mg/L and
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occasionallyreaching3.5 mg/L did notnegativelyaffect fishesreproducingduring this

time. Lusk Creekdemonstratesthattheseasonallyappropriateproposedstandard

protectsbothspringandsummerreproducingspecies.

TemperatureEffects

Dissolvedoxygenconcentrationswerequantifiedin apooledareaof LuskCreek

asrecommendedin theimplementationguidelinesoftheGarveyandWhilesreport. It is

in this areathatwewouldexpectto encounterthemostconservativedissolvedoxygen

concentrations.In contrast,theMiddle Fork oftheVermilion River, in which oxygen

concentrationswereconsistentlythehighest,hadaloggerlocatedabout100 m belowa

riffle area,wherewewouldexpectoxygenatedwaterto beabundant.Although it maybe

arguedthat LuskCreekis asouthernIllinois streamandwarmtemperaturesmaybe

responsiblefor declinesin oxygenduringsummer,dissolvedoxygenconcentrationswere

lowestatintermediatesummertemperatures,indicatingthatit is not theseasonalmaxima

ofstreamsthatreduceoxygenconcentrations.Further,I foundno substantivedifferences

in temperatureamongstreamsacrossthenorth-southgradientin the state.Thesedata

effectivelyshowthattheproposedstandardeffectivelycapturesoxygendynamicsthat

occurin natural,fully functioningIllinois streamssuchasLusk Creek. A revisedgeneral

usedissolvedoxygenstandardin Illinois suchasthatproposedby GarveyandWhilesis

needed.

HabitatModification

Someinvestigatorshavearguedthat artificially poolingstreamsorriversby

building damswill reduceoxygenandthereforenegativelyaffect residentspecies.

Recentreportsin theFox andDuPageRivershaveshownthatpooledareasofstreams•
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violatethecurrentstandardmorethanopenreachesandthat fish compositiondiffers

betweenthem. Theproblemwith implicatingviolationsofthecurrentdissolvedoxygen

standardasresponsiblefor alteringordegradingspeciescompositionin pooledreachesis

that thehabitatof theriver changesaswell astheoxygendynamics. In short, flow

declines,sedimentationincreases,andmore fishthatrelyon accumulationoforganic

matterandopenwaterwill prosper.Oxygendeclinesbecauseofthe increased

biochemicaloxygendemandofthesedimentandincreasedretentiontimeofthewater.

As long asoxygenconcentrationsremainabovetheproposedstandardinpoois, species

adaptedto pooiconditionswill beabundantwhile flow-dwellingspecieswill be rareor

absent.Ofcourse,if oxygenconcentrationsdeclinebelowtheproposedstandards,even

speciesadaptedto pooledconditionswill ceaseto persist. Garveyand Whiles

recommendmonitoringpooledareasofnaturalstreams,becauseoftheir lower expected

oxygenconcentration.

Theeight intensivelymonitoredstreamsprovide,moreinsightinto theproblemof

teasingapartchangesamonghabitat,oxygen,andotherwaterqualityparameters.Across

thestreams,no relationshipexistedbetweenbiotic integrityscoresandoxygenminimaas

estimatedby frequencyofviolationsofeitherthe currentorproposedstandards.

Typically, integrityscoresarecloselyrelatedto measuresofhabitatquality, which

includefactorssuchasastream’ssubstrate,habitatdiversity, andriparianvegetation.

Habitatquality fostersthediversityoforganismsbyprovidingfood,shelter,and

reproductiveareas.As such,it appearsthathabitatratherthanoxygenprimarily

influences’speciescomposition.Reducedoxygenconcentrationsandincreaseddiurnal

fluctuationsareasecondaryeffectofhabitatdegradationormodification.
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ComparisonbetweenOxygenandAmmoniaStandards

Themostconservativeammoniastandardsfor the statearedesignedto protect

earlylife stagesofall fish speciesfor thedurationofspawning,whichmayextend

throughOctober. In thefirst hearing,I wasaskedwhy themostconservativeproposed

oxygenstandardextendedonlythroughJune,while theconservativeammoniastandardis

extendedthroughthe entirereproductivecycleof fishes. Dynamicsof total ammoniaand

oxygendiffer in streams.Thetotalconcentrationofammoniain streamstypically

dependsondischargeanddoesnotvarynaturallyonaseasonalbasis. Further,the

toxicity oftotal ammoniaincreaseswith increasingtemperatureduringsummer,

necessitatingstringentstandardsfor all earlylife stagesof fish, particularlythosethatare

producedduringsummer.Conversely,thedatasummarizedin my reportclearlyshow

that oxygenconcentrationsin thepooledareaof anatural,functioningstreamdo decline

well belowthecurrentstandardduringsummerbutnot below theproposed,seasonally

appropriateone. As I notedearlier,becausethecommunityin ‘suchastreamis intact,

summer-spawningfish speciesmustreproducesuccessfullyduring this time,

demonstratingthattheproposedstandardbetterreflectsnaturalfluctuationsin this system

whileprotectingresidentfishes.

Reviewby GaryChapman,AuthoroftheNationalCriteriaDocument

To determinewhethertheseasonalstandardwasconsistentwith theUnitedStates

EnvironmentalProtectionAgency’s l98~lNationalCriteriaDocument,I soliciteda

reviewfrom its author,GaryChapman,following thefirst hearing.Hehadprovideda

reviewto theWaterQuality SectionoftheIllinois ChapteroftheAmericanFisheries

SocietyonJune28, 2004andforwardedthisreviewto me. To summarize,he felt that
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thetiming of seasonalstandardsdependedonaworkingknowledgeofthefish

communityin the stateandshouldbe“left to theexperts”. His largestconcernwasthe

omissionofa30-dayrunningaverageof5.5 mg!L in theproposedstandards.AlthoughI

still think thatsucha standardis generatedoversuchalargetime scalethat it is generally

biologicallymeaningless,it maybeworthconsideringaspartoftheproposedstandards

givenhisexpertopinion. His othercommentswererelativelyminor, revolvingaround

theinterpretationofrecentfindings in dissolvedoxygenresearch.HesupportedOur

implementationrecommendationsandthoughtthattheyshouldbeadopted.Regarding

protectionoffish duringsummer,he commented:“I haveseennodataoverthepast20

yearsthatwould indicatethatthe3 mg!L minimumwouldnot beadequatelyprotective

againstlethaleffects”.

ChemicalInteractionswith Oxygen

In thefirst hearing,I wasaskedaboutthepotentialeffectsof low dissolved

oxygenconcentrationsonwaterchemistryin streamsandlakes. To thebestof my

knowledge,reduction—oxidationchemicalreactionsareunaffectedby oxygen

concentrationsuntil theydeclinefarbelow theproposed3.5 mgIL minimum.

Conclusions

In summary,muchmore is knownaboutfluctuationsin oxygenandtemperature

in streamsin the stateofIllinois thanduring thefirst hearing.Resultsofthenewanalysis

confirmtheconclusionsoftheGarveyandWhilesreportfor otheraquaticsystems.

Semi-continuousmeasurementsin pristine,forestedLusk Creekwerequantifiedin the

appropriatelocationandprovideausefulbaselineby which generalexpectationsfor

dissolvedoxygenconcentrationscanbe generated.Although theproposedstandardsmay
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begenerallyappliedacrossthestate,eitherregionalstandardsor astreamclassification

systemshouldbeadoptedto betterreflectuseexpectations.Sucha systemwill needto

incorporatebiotic integrity, habitatquality, andwaterqualitygoalsratherthanfocusing

solelyondissolvedoxygenexpectations.Given thedatafrom the eightIllinois streams

andothersystemsin the state,the likelihoodthat thecurrentdissolvedoxygenstandard

will not applyto manyofthesesystemsandproducefalseviolationsis confirmed.

Adopting theproposedstandardandstandardizedmonitoringoutlinedin the Garveyand

Whilesreportwill not onlyreducetheprobabilityofdetectingafalseviolation in

functioningstreamsbut it will providerobust, long-termwaterqualitydataSetsfor

improvifig managementofsurfacewatersin thestate.
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Introduction

GarveyandWhiles(2004)concludedthatthecurrent Illinois dissolvedoxygenstandard

is unrealistic,becausenaturallyfluctuating dissolvedoxygenconcentrationsin surface

watersofthe stateshould occasionallyor frequently declinebelow thecritical minimum.

Specifically,the illinois generalusestandardrequires thatdissolvedoxygen

concentrationswithin surface waters ofthestateneverdeclinebelow 5 mg/L andremain

above6nig(L at least16 hourseachday. Although theGarveyandWhiles (2004)report

cited published studiesshowing thatdissolvedoxygenis heterogeneouswithin aquatic

systemsandthatconcentrationsin natural systemsoftendeclinebelow 5 mgfL during

summer,little streamdata within illinois wereavailable to support thisconclusion. Since

‘that reportwascompleted,a continuous monitoring data sethasbecomeavailable (Paul

Terrio, United StatesGeologicalSurvey andRobert Mosher, Illinois Environmental

Protection Agency,unpublisheddata) in whichdissolvedoxygenconcentrationsand

temperatureswerequantified semi-continuouslyin eight streamreachesduring a two-

yearperiod. These streamsweredistributed both along a north-south gradient anda

gradient of land-use(i.e., urban,agriculture, andforest). Qualityofstreamswasalso

consideredin theselectionofmonitoringsites,with thestreamsvarying from fully

functioningto impaired, with someincluded on the2004,IL-EPA 303d list.

I obtainedthesedata andanalyzedthemrelative to the current IL dissolvedoxygen

standardandthestandardsproposedin GarveyandWhiles (2004). Following the

National Criteria Document(Chapman 1986),GarveyandWhiles (2004)recommended:
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• A minimum of5.0 mgfL spring throughearly summer(i.e., March 1 throughJune

30)

• A 7-dmeanof6.0 mgfL spring throughearly summer(i.e., March 1 throughJune

30)

• A minimum of3.5 mg/L theremainder oftheyear (i.e.,July 1 throughFebruary

28 or 29)

• A 7-dmeanminimum of4.0 mg/L the remainderoftheyear (i.e.,July 1 through

February28 or 29)

In thisreport,I evaluatehowthecurrent andproposedstandardscharacterizestreamsin

the staterelative to season,streamqualityandgeographiclocation. Oxygen and

temperaturedynamicsareinterpreted in light oftheextantbiotic communitiesandthe

location ofthe loggerwithin eachstream.

Study Sites

North Fork Vermilion River nearBismarck, IL This east-centrallilmois streamreach

(IL-EPA, BPG-09) averages20-rnwide at baseflow andis0.3- to 1-rn deepatthe

locationofthe logger. Total surfacewater for this streamis 1.14km2. The drainage for

this streamreach isprimarily agricultural. Substrateis gravel riffle with vegetation

occurring in thechannel during summer. Annual meanstreamflow is 8.8 m3/s. This

streamwas303-dlisted asa highpriority for impairment by pathogens.
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Middle Fork Vermilion River nearOalcwood, IL. This east-central,“wild and scenic

river” streamsite (IL-EPA, BPK-07) is about 30-rn wide, with 5.4 km2 surfaceareaat

normal flows. The loggerwasplacedat anarea 1-rn deepnear a rock riffle ontheoutside

ofa gradual bend. Somegrowth ofaquaticvegetationoccursin the riffl~during late

summer. Land-usein theareaisprimarily agricultural. Annual meanstreamflow is 11.4

m3Is.

Vermilion River nearDanville. IL. Thisstreamsite (IL-EPA, BP-08) in east-central

illinois is locatedin an areawith about 91% agriculturaland4% urbanland-use. This

streamhasa gravel and sandsubstrate and is about 50-rn wide at baseflow. Surfacearea

of thisstreamis 24.3km2. Depth at loggerlocation was2-3 meters at baseflow. Annual

meanstreamflow is 28.9m3/s.

Lusk Creeknear Eddyville. IL. Locatedin thesoutheastern- illinois ShawneeNational

ForestanddrainingtheLusk Creek Wilderness area,this 0.22-km2.meanderingstream

(IL-EPA, AK-02) hasa bedcomposedofsand,gravel, cobble,andbedrock. The site was

locatedin a pool ofabout 2-rn deepand10-rn across. Landuseis 76% forested and

about 18% agricultural. Woody debris andvegetationoccur in thechannel; surfaceflow

betweenthepool andthe channelcanbecomedisconnected. Annual meanstreamflow is

1.7 m3/s.
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MazonRivernearCoalCity. IL. This17-km2north-centralIllinois river (IL-EPA, DV-

04) is listed asimpairedfor PCBsandpathogens.Agriculturedominatesthe land-use

(94%), with urbanbeingthenextmostabundantclass(4%). Stream width averagesat

50 in, with vegetationgrowing in thechannel andon the rock andgravel riffle at the site.

Annual meanstreamflow is 9.9m3/s.

RayseCreeknearWaltonville. IL. Although thissouthern-illinois stream(IL-EPA, NK-

01)residesin a predominantly agriculturalwatershed,about 17% ofthesurroundingland

is forested. The streamsite is a slowmoving andturbid pooi, with a flashyhydrograph

andmuch debris. The streamwill dry during periods oflow precipitation. The reachis

about 6-rn wide and<1 m deep,although thesemeasurementsvary widely with stream

flow. This 0.62-km2streamis a tributaryofthe Big Muddy whichis impounded

downstreamto fonn RendLake. Annualmeanstreamflow is 2.5 m3/s. It is 303-d listed

with nutrients, low pH, enrichment,pathogens,andsuspendedsolidsascausesof

impairment.

SaltCreek near WesternSprings. IL. Thisis the northernmost stream(IL-EPA, GL-09)

locatedprirnarilyin the urban(80% ofland use)Chicagoarea. Surfaceareaisabout 7

km2 andwidth averages23 meters. The site hasapartialriffle with heavyaquatic growth

occurring during summer. Annual meanstreamflow is 3.8 m3/s. This streamsegment

also is303-d impaired,with nutrients, salinity,andpathogensascauses.
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Illinois River near Valley City. IL. l’his largesegment(1,003km2 surfacearea;IL-EPA,

D-32)in east-centralillinois averagesat 200-rnwide. Location ofloggerwasabout 8-in

deep. Annual meanstreamflow is 643.5m3/s. Surroundingland useis about 77%

agriculturewith theremainder being approximately halfforested andhalfurban. This

segmentisalso 303-dlisted for metalandPCB contamination.

Data CollectionandAnalysis

Datacollectionwasa joint effort betweentheUSGSandLEPA. At eachstreamsite,

temperature anddissolvedoxygenconcentration (mgfL) were quantified every30-

minutes during late summer2001 throughfall 2003. Monitors weretypically mounted in

areaswhere they remained continually submerged,including bridge piers. Depth of

loggersensuredthat theywere3-5 centimetersbelow thepointofzero flow in the

streams. At routine or high flow, probeswerelikely at> 50%depth.

For eachstream, I calculateddaily averagesanddaily minima. For the Illinois standard,I

determined thehours within eachday that dissolvedoxygen concentrationwaslessthan5

mg/L and6 mg(L.

For theproposedstandard(GarveyandWhiles2004),a minimum dissolvedoxygen

concentrationwasdefined asthe lowestallowableconcentrationduring anygivenday. A

7-daymeanwasderivedby generatingdailyaveragesandthendetermining a running
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averageacross7 days.Maximumwater concentrationsthatexceededair saturationwere

corrected (i.e.,decreased)to air saturationvalues. Seven-daymeanminimawere

calculatedby generatinga runningmeanofdaily minima across7 days.

Within theproposedstandard, seasonsreflect timeswhenmostearlylife stagesof

wannwater fishes(i.e., eggs,embryos,andlarvae,typically 3O-dpostspawning)are

either present(MarchthroughJune)or absent(July throughFebruary) in illinois waters.

We hypothesizedthat warmwater speciesthatspawnlater during summershould have

adaptations for naturallyoccurring reductions in dissolvedoxygenconcentrations

expectedto occurduring warmmonths. Hence,in systemsin which dissolvedoxygen

concentrationsdeclinedduring summerneartheproposedminimum,weshould still

expectthe streamto be unimpaired (i.e.,unlisted) with a robust biota. Thosethat

frequently declinedbelowtheminimawould likely show impairmentand be 303-dlisted

byIL-EPA.

Results

As expected,dissolvedoxygenconcentrationsdeclinedin all streamsduring summer,

with eachsegmentviolating the current Illinois standardasinfrequently as2% andas

frequently as65% ofthedaysacrossthe two-yearperiod. Thesepatterns werenot clearly

delineatedby latitude, streamquality, or streamsize.
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North Fork Vermilion River near Bismarck.. IL. Although 303-dlisted,this stream

segmentdeclinedbelow 5 mg/L only 1% ofdays (Figure1; Table 1). This streamonly

violatedthe ruleofdecliningbelow 6 mgfL no morethan 8-h eachdayonly 2% ofdays

as well (Figure 1; Table 1,2). With the proposedstandard, theviolations ofthespring

andsummercritical minimaand7-dmeansdeclinedto nearzero(Table 1).

Middle Fork Vermilion River nearOakwood.IL. This full attainment streamsitebelow a

riffle areahadtheconsistentlyhighestdissolvedoxygenconcentrationsoftheeight

segments(Figure2). It still violatedthe illinois standards on greater than 1% ofdays

(Table 1,2). With theproposedstandard, no violations occurred during either season

(Table 1).

Vermilion River near Danville, IL. Although unlisted, thisstreamsiteviolatedthe

Illinois standard on 6% and7% ofdays for the 5 and6mgfL rules,respectively(Figure3;

Table 1,2). Adoption oftheproposedstandardreducedthefrequency ofviolations

(Table 1). However,violations still occurred during the summermonths — particularly

the7-d meanminimumof4 mgJLwhen thisrule wasviolated9% ofthe time (Table 1).

This suggcststhat dissolvedoxygenconcentrations in thisreachmaybe chronicallylow

during summer, requiring somerestoration efforts.

Lusk Creek near Eddyville. IL. This heterogeneousstreamresidingin a predominantly

forested watershedvery frequently (22% and32% ofdays) violatedthe current state

standard(Figure4; Table 1,2). Adoption oftheproposedstandardgreatlyreduced the
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frequencyofviolationsduringspringmonths;however,the7-dmeanminimumof4

mg/L wasviolated3%ofdays(Table1). Thecritical minimumduringsummerof3.5

mg/L wasviolated1%ofdates(Table1). However,theminimumdissolvedoxygen

concentrationtypically declinedby <0.5mgfL belowthisthreshold(Figure4).

MazonRivernearCoalCity. IL. This 303-dlistedstreamfrequentlyexperiencedvery

low dissolvedoxygenconcentrationsduringsummer(Figure5),violatingboththe

Illinois standardandtheproposedstandard(Table1,2). Thehigherfrequencyof

violationsoftheproposedsummerstandardssuggeststhatsummereutrophicationisa

problemin thisstream(Table1).

RayseCreeknearWaltonville. IL. This impairedstreamviolatedtheIllinois standard

andtheproposedstandardmostfrequently(Figure6; Table1,2). Theproposed7-d

meanminimumof4 mg/L wasin factmoresensitivethantheillinois standardto

violationsin this system(Table1). Springdissolvedoxygenconcentrationswere

chronicallybelow6 mg(L andoftendeclinedbelowtheproposedspringminimumof5

mg/L (Table1; Figure6). Dissolvedoxygenconcentrationsoftendeclinedto chronically

low levels(<2mg/I)duringsummerthroughfall (Figure6)~

SaltCreeknearWesternSprings.IL. This 303-dlisted streamviolatedtheillinois

standardsof5mg/L and6 mgfL on 9% and16%ofdays,respectively(Table1,2;Figure

7). Whentheproposedstandardwasapplied,violationsdeclinedsomewhat.The



majorityoccurredduringthespringmonthswhenthe5 mgIL critical minimumwas

violated6%ofdays(Table1).

illinois RivernearValley City. IL. This largestofthestreamsegmentsviolatedthe

currentIllinois standardof5 mgfL on 11%ofdaysand6 mg/L on21%ofdays(Table1,

2; Figure8). Violationsdeclinedwith theproposedstandard,althoughviolations

continuedto occurmostfrequentlyduringthespring. The7-dmeanminimumof6 mg/L

wasviolated16%ofdays(Table1).

Temperature-DissolvedOxygenRelationshipsamongStreams.Lusk Creek,the

southernmoststream,waswarmestduringwintermonths,typicallyremainingabove

freezing(Figure9). Duringsummermonths,considerableoverlapin monthlyaverage

temperaturesoccurred,althoughSaltCreekandNorthForkVermilion Riverhadlower

averagetemperatures.MazonRiver, anothernorthernsystem,hadconsistentlywarmer

averagesthanits counterparts.Differencesin monthly averagesamongall streamswere

<4°Cduringsummer(Figure9), with thegreatestdifferencesoccurringbetweenRayse

(thewarmest)andSalt (thecoolest).

Temperatureanddissolvedoxygenconcentrationwerenegativelyrelatedin all streams

(Table3). However,thestrengthoftherelationshipvariedamongstreams,with

temperatureonly explaining33%ofthevariation in oxygenin theMazonRiverand84%

in theillinois River(Table3). InLusk Creek,anapparentlysoundsystemwith dissolved

oxygenconcentrationsthatapproachedtheproposedcritical minimumOf3.5 nig/L
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duringsummer,low oxygenoccurredmostfrequentlyduringintermediate(25°C),rather

thanhigh, summertemperatures(Table4). This refutestheassumptionthatthegreatest

oxygendeclinesoccurduringthewarmesttemperaturesin streams.Ratherperiodsof

reducedflow coupledwith intermittentlyhighproductionin thepoolofLusk Creekwas

responsiblefor theobservedpatterns.

Discussion

My goalwasto identifyexpectedseasonalanddid oxygencurvesfor streamsin illinois

by whichwecansetrealisticstandards.With thecurrentIllinois standard,all streams

within thestatewill likely produceviolations. The frequencyofviolationsofthecurrent

illinois standarddoesnotappearto beassociatedwith streamimpairment. To illustrate,a

forested,functioningstream(i.e.,Lusk Creek)violatedthecurrentstandardfar more

frequentlythantwo ofthelisted streams(i.e.,NorthForkVermilion andSalt Creek).

Theproposedstandardsgreatlyreduced(althoughdidnoteliminate)theprobability ofa

violationin Lusk Creek,whilenot greatlyreducingtheviolationsin theclearlyoxygen-

impairedRayseCreekandMazonRiver. In fact,theproposedstandardincreasedthe

frequencyofviolationsfor RayseCreek,andprovidedaseasonalcontextfor interpreting

theviolation. Landuseandalterationofthewatershedin additionto flow likely are

majorfactorsinfluencingtheoxygendynamicsin thesestreams,andtheproposed

standardwouldlendinsightinto thedegradationofthebiotawithin them.
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Implementationoftheproposedoxygenstandardsandinterpretationoftheoxygen

dynamicsresultingfrommonitoringdependgreatlyon thelocationoftheprobes.(3arvey

andWhiles(2004)recommendplacingloggersin poolsattwo-thirdsdepthto ensurethat

areaswith thegreatestoxygenreductionsaresampled.Theloggersusedin this study

weretypically at depths>50%ofthewatercolumnin areaswheretheycouldbe

convenientlydeployed(PaulTerrio,personalcommunication).Thus,thelargely

microbialoxygendemandofstreambottomswaslikely integratedinto oxygendynamics

in manyofthedeeperstreamsites.

Althoughtherecommendationofloggerdepthwasgenerallyupheld,longitudinal

locationofloggersvariedamongstreams.For example,theleastviolationsofeitherthe

currentorproposedoxygenstandardoccurredin theMiddle ForkVermilion River,which

is ahighly valuedstreamresource. However,theloggerat this sitewasplacedbelowa

riffle. Highgaseousoxygenexchangewith theatmospheremayhaveelevateddissolved

oxygenconcentrationsrelativeto anareawith slower,lessturbulentupstreamflow.

Conversely,in small, intermittentlyflowing LuskCreek,theloggerwasplacedin apool

with surfaceflow thatbecomesdisconnectedfrom thestream. In GarveyandWhiles

(2004),this is consideredthebestlocationfor quantifyingoxygendynamicsbecauseit

providesaclearpictureofthe“worst case”ofoxygendeclinesin astream.Clearly,the

heterogeneousverticalandhorizontaldistributionofoxygenwithin streamsiteswill

renderstandardizationchallenging.Further,thedynamiceffectsoffactorssuchasflow,

geomorphology,geology,groundwater,shading,sediment,landuse,andtemperaturewill

makeinterpretationofresultingoxygencurvesadauntingtask.
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The GarveyandWhiles(2004)reportdidnotdevelopstandardsuniqueto cool andwarm

waterassemblagesin thestate. Althoughsometemperaturedifferencesdidappearto

occuracrossthelatitudinalgradientin thestate,theyappearedto bemostpronounced

duringwinterwhenoxygenstressisunimportantratherthanduringsummer.During

summer,slightly warmerconditionsoccurredin southernstreams,particularlyin small

Lusk Creek,whichhasthelowestaverageflow. However,giventhatthelowestoxygen

concentrationsoccurredatintermediatesummertemperatures,thelinkagebetween

oxygenstressandhightemperaturestressfor residentorganismsappearsto berelatively

unimportant.

Ratherthanlinking temperatureandoxygen,understandingtherelationshipbetweenflow

andoxygenwill likely bemoreinformativefor predictingeffectsonresidentorganisms.

Asnotedearlierandin GarveyandWhiles(2004),pooledareasofstreamsandrivers,

albeitnaturalorartificial, shouldhaveloweroxygenconcentrationsandshouldbe

targetedfor monitoring. Thesesiteswill elicit themostconservativeestimateofoxygen

dynamicsin astreamreach.Recentstudiesin theFoxRiverandDuPageRiver systems

supportthis, in whichoxygenconcentrationsweretypically lowerin thepooledportions

(SantucciandGephard2003;HammerandLinke 2003). Inpooledareas,specieswith

adaptationsto increasedsiltation, reducedflow, andincreasedopenwaterareabundant

while flow-dwelling speciesarerareorabsent.In artificially pooledreaches,altered

habitatratherthanreducedoxygenlikely isultimatelyresponsiblefor shifts in the

community. Aquaticlife adaptedto thesemodified, lenticenvironmentswill persist
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whereasspeciesadaptedto flowing waterwill notbepresentbecausetheappropriate

flow andsubstratewill beunavailable.Ofcourse,if oxygenconcentrationsin poolsdo

notmeettheproposedstandardsfor aquaticlife outlinedin GarveyandWhiles(2004),

feworganismswill beableto persist,regardlessofhabitatadaptations.

Conclusions

I havesummarizedthemostcomprehensive,long-termdissolvedoxygenandtemperature

datasetavailablein thestateofIllinois andperhapsfor streamsin general. It is clearthat

theproposedstandardsbettercaptureoxygenviolationsin truly impairedstreams(i.e.,

thosewith modifiedbiotasuchasRayseCreek)relativeto fully functioningstreamssuch

asLusk Creekwith highqualityhabitatandadiverseaquaticbiotic assemblage.If the

frequentviolationsoftheillinois standardwerebiologicallymeaningful,thenLusk Creek

wouldhaveagreatlyreducedormodifiedassemblageandwould belisted asimpaired.

This is notthecaseandthefrequentdeclinesin dissolvedoxygenconcentration

approachingtheproposedsummerminimumwithin thepoolsofthissystemduring

summerdo notcompromisespawningfishesorotherorganisms.As notedin Garveyand

Whiles(2004),thosespeciesreproducingduringsummerclearlyhaveadaptationsfor

naturalfluctuationsin oxygenthatoccurduringthistime ofyear. Althoughit maybe

arguedthatthesouthernLusk Creekismuchwarmerandthusmayhaveawarm-water

assemblageadaptedto naturallylow oxygen,theapparentlyminor (<4°Caverage)

differencesin streamtemperaturesacrossthestatecoupledwith weakoxygen-
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temperaturerelationshipsmakesthisargumenttenuous.More likely, modificationsto

streamsthatalterbothsurfaceandbelow-groundflow andhabitatqualitywill greatly

affectthecompositionofstreamcommunities.Ofcourse,stronglyimpaired,enriched

streamswhichfrequentlyviolatetheproposedstandardwill havehigh incidencesof

oxygenstressandlossofaquaticlife.
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Table 1. Proportion.frequencyofdaysin whichthecurrentillinois standardandtheproposedstandardswereviolatedin eachstream

reachduringlatesummer2001throughfall 2003. Runningmeanswereonly generatedif sevencontiguousdaysofdatawerepresent

in thedataset. For theproposedstandard,springisdefinedasMarchthroughJuneandotherasJulythroughFebruary. Numberof

daysis thenumberofdaysby whicheitheracritical minimumwasdeterminedorameanwith sevenprecedingdateswasavailable.

lllinois~ Standard Minima Pro~osedMinima

Other

Proøose d 7-d runn ma averages
Spring
mean

Other
<4 Spring Other<3.5 Spring

.

. N
Stream IL <5 IL <6 days <5 spring other days days <6 mean days days*NF Vermilion near

.

. .

Bismark 0.01 0.02 751 0 0 231 520 0 0.01 190 369
MF Vermilion near ,

. Oakwood 0.01 0.02 574 0 0 140 434 0 0 132 390
Vermilion near DanvilIe 0.06 0.07 458 0 0.04 84 374 0 0.09 66 250
Lusk near Eddyvilte 0.22 0.32 653 0.01 0 204 449 0 0.03 182 429*M~onnear Coal City 0.17 0.15 606 0.05 0.11 181 425 0.05 0.18 152 335*Rayse near Waltonvilje 0.62 0.65 523 0.13 0.7 139 384 0.23 0.78 96 380*Salt at Western Springs 0.09 0.16 590 0.06 0.02 208 382 0 0 167 365*iIIinois River at Valley
City 0.11 0.21 638 0.03 0.02 240 398 0.16 0.03 159 334

*Denotes303-dlistedstreamsegment(2002cycle).
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Table2. Frequencyofdaysthat issolvedoxygenconcentrationswaslowerthan5 and6 mg/L at4-h incrementsin eight Illinois

streamsduringsummer2001 throughspring2003.

18

Total
Numb er of Days per Stream Reach

I
Numberof

Violation
Hours per
Day

NF
VermiliQn

ME
Vermilion Vermilion

Lusk
Creek

Mazon
River

Rayse
Creek

Salt
Creek

Illinois
River

<5 mg/L 0 740 567 431 508 504 200 536 569
. 4

8
12
16

53 .

1
1

2
5
0
0

7
4

12
4

51
24
28
15

18
37
38
8

8
8

12
31

3
7

21
19

14
10
12
8

, 20
24

1 .

0
0
0

0
0

10
17

1
0

43
221

4
0

2
23

<6mg/L 0 721
4 8
8 7

12 4
16 4
20 5
24 2

553 402 415 454 175 471 465
4 14 12 27 7 15 17
7 12 17 32 2 10 24
8 12 34 58 5 24 18
2 11 49 32 9 41 17
0 5 29 1 16 20 7
0 2 97 2 309 9 90
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Table3. Linearregressionresultsoftemperature(°C)versusdissolvedoxygen

concentration(mgIL) quantifiedeachhalfhourin eightillinois streamsduringlate

summer2001throughfall 2003.

Stream N F A b F2

NF Vermilion near Bismark 37022 75493 -0.28 14.5 0.67
MF Vermilion near
Oakwood 27982 32959 -0.20 13.5 0.54
Vermilion near Danville 22907 23361 -0.31 15.6 0.50
Lusk near Eddyville 32034 125863 -0.31 13.7 0.79
Mazon near Coal City 29906 14910 -0.23 13.3 0.33
Rayse near Waltonville 25812 26061 -0.36 12.1 0.50
Salt at Western Springs 26975 85886 -0.29 13.4 0.76
Illinois RiveratValley CIty 29155 163067 -0.30 13.7 0.84
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Table4. Frequencyofhalf-hourintervalsin Lusk Creek,Illinois in whichdissolved

oxygenconcentrationsdeclinedbelow5 or4mgfL asafunctionoftemperature(°C)

duringlatesummer2001throughfall 2003. Thisstreamwaschosendueto thewide

variationin temperaturesanddissolvedoxygenconcentrationsthatoccurred.

Temperature <5 mg/I. <4 mg/L
15 0 0
17 1 0
19 13 0
21 21 0
23 196 4
25 826 41
27 1105 35
29 434 12
31 49 0
33 0 0
35 0 0
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List ofFigures

Figures1-8. Toppanel: Dailyaveragetemperature(°C;solid line) anddaily minimum

(dottedline)dissolvedoxygenconcentrationasafunctionofdatein eightIllinois

streams.Solidhorizontalline istheIllinois minimumstandardof5 mgfL. Bottompanel:

Sevendayaveragesofdaily average(solidline)anddaily minimum(dottedline)

dissolvedoxygenconcentrationsin eight Illinois streams.Only datawhereseven

precedingdaysofdataareavailableareplotted.

Figure9. Monthlyaveragetemperaturesin sevenillinois streams.TheIllinois Riveris

excludeddueto its largevolume,whichmakescomparisonswith theotherstreamsnot

meaningful.
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North Fork Vermilion near Bismarck
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Middle Fork Vermilion near Oakwood
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Vermilion River near Danville
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Lusk Creek near Eddyville
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Mazon near Coal City
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Rayse Creek near Waltonville
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28

Salt Creek near Western Springs
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Illinois River near Valley City
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ExecutiveSummary

Dissolvedoxygenis animportantlimiting resourcein aquaticsystems-and-is directly

affectedby humanactivities suchas organicenrichment,increasednutrientloading, and

habitatalteration. We reviewedthepublishedliteratureon responsesof warmwater

freshwatersystemsto dynamicsof dissolvedoxygenandthenassessedcurrentIllinois

andnationalwater qualitystandardsin light of thesefindings. Forfish, aquaticinsects,

freshwatermussels,andotherorganismstypically foundinwarmwatersurfacewatersof

Illinois, reduceddissolvedoxygenhaslongbeenunderstoodto inhibit growth,survival,

andreproduction,primarily by interferingwithaerobicmetabolism.Morerecently,low

dissolvedoxygenhasbeensuggestedto act asanendocrinedisruptorin fish, reducing _________________________
(comrnent Idispine this inteqretation j

reproductiveviability.~Dissolvedoxygenconcentrationsvarywidelybothamongand,,,,,~,

within naturalstreamsandlakes,althoughmeanandminimumconcentrationsshould

declinewith organicenrichment.In systemswith low oxygenminima,only organisms ________________________
rcommerit ThISs~oiadberelevant

specificallyadaptedto hypoxicconditionsshouldpersist.~ ,-“ ~pp1ytonanu41cerinss~~

Ourassessmentof thepublisheddatagenerallyaffirms the guidelinesset forth for

warmwaterassemblagesby the 1986U.S.EnvironmentalProtectionAgency’snational

dissolvedoxygenwaterqualitystandardsdocument.Thecurrentemphasisin Illinois on

biotic indicatorsfor assessingtheintegrityof streamsandlakesshould-becontinu~~~~and

continuallyrefined inour view. Conversely,thecurrentdissolvedoxygenwater quality

standardsetby theIllinois PollutionControlBoard (minimumof 5.0mg/L) istoo

conservativeandmayplacemanyaquaticsystemswithnaturallyoccurringdissolved
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oxygenconcentrationsthatoccasionallydeclinebelowthestateminimumstandardin __________________________

- 1c~mmwit:Thisstatementis consistent
violation. I This documentrecommendsastandardthat includesseasonallyappropriate thenational

meansandminimathatmorerealisticallyaccountfor naturalfluctuationsin dissolved

oxygenconcentrations,while remainingsufficientlyprotectiveof aquaticlife andlife

stages. In general,ourrecommendedstandardsare eitherequivalentto or more ___________________________
comment: I believethin is gLoorally

conservativethan theestablishednationaldissolvedoxygenstandards. . ~°°°

Wereconm-iendfor surfacewatersin Illinois (not includingLakeMichiganor wetlands;

also seeTable5):

• A 1-dayminimumof 5.0 mg/L springthroughearlysummer(i.e., March 1

throughJune30)

• A 7-d meanof 6.0mg/L springthroughearlysummer(i.e., March 1 throughJune

30)

• A 1-d minimumof 3.5 mg/L theremainderof the year(i.e., July 1 through

February28 or29)

• A 7-d meanminimumof4.0 mg/L the remainderof theyear(i.e., July 1 through r

Comment: Thereis no highermoan

February28 or 29) inider rotoctiv~National criteriarequire

~a 30-daymeansf5.5ing/L. —-

• Areasinproximity to dischargesinwhichdissolvedoxygenconcentrationscanbe

manipulatedshouldbemonitoredclosely,with daily minimaoccurringno more

than3 weeksperyear,notincluding springthroughearlysummer(i.e., March 1

throughJune30), or the 1 -dminimumbe increasedto 4.0mg/L
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A 1-dayminimumdissolvedoxygenconcentrationis the lowestallowableconcentration

during anygivenday. A 7-daymeanis derivedby generatingtime-weighteddaily

averages(including thedaily minimumandmaximum)andthendetermining-arunning

averageacross7 days. Maximumwaterconcentrationsthat exceedair saturationshould

becorrected(i.e., decreased)to air saturationvalues. Seven-daymeanminima are

calculatedby generatinga runningmeanof daily minima across7 days.

Seasonsreflecttimeswhenmostearlylife stagesof warmwaterlishes--(i.e.,eggs,

embryos,andlarvae,typically 30-dpostspawning)are eitherpresent(Marchthrough

June)or absent(JulythroughFebruary)in Illinois waters(seeTable3). Warmwater

speciesthat spawnlaterduring summershouldhaveadaptationsfor naturallyoccurring ___________________________
r~mmentI don tknow the spte105

reductionsin dissolvedoxygenconcentrationsexpectedto occurduringwarmmonths. ,.~ ~

Our reviewofthe literaturerevealedthatmanygapsin our knowledgepersistabout

relationsamongdiel oxygencurves,nutrientstatus,andprimaryproduction. Mechanistic

researchratherthancorrelationalfield studiesmustbeconductedto developmore.precise

andmeaningfulcriteria for dissolvedoxygenandotherwaterqualitymeasures.

Similarly, our understandingofbiological responsesto oxygendynamicsis typically

correlational. Laboratory-derived,physiologicaltoleranceestimatesrarelycorrespond
fcomment This isprobablylesstrue

well to field patterns.~Improvedcriteriathatarerelevanton a regionalandhabitat- ..- Lf9~P Pc4iiSPP!h1t4Pta~

specificbasiswill requirea betterunderstandingof how organismsrespondto

experimentallymanipulatedvariablesin naturalsystems.
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Overview

This documentreviewsthe currentliteratureon dissolvedoxygenin naturalsystemsand

thepotentialeffectsof hypoxia(i.e., low dissolvedoxygenconcentrations)on aquatic

life. It thenevaluatesthecurrentIllinois dissolvedoxygenwaterqualitystandard

(Illinois PollutionControl Board302.206,302.502)andthenationalcriteria(Chapman

1986)in light ofthis information. Thefinal sectionsmakerecommendationsfor re-

evaluatingandmodifyingcurrentIllinois statewaterqualitycriteriathatarebasedon

publishedresearchonnaturalfluctuationsinaquaticsystemsandphysiologicaltolerances

of nativeaquaticlife. We concludewithrecommendationsfor researchthat, in our view,

will improvethe scientificfoundationunderlyingdissolvedoxygencriteriafor freshwater

systemsin Illinois.

Oxygeninfreshwaterhabitats

Dissolvedoxygenis a critical resourcein freshwatersystemsbecause-it-is essentialto-

aquaticorganismsfor aerobicrespiration,andthusmostbiologicalactivity andassociated

processes.Further,becauseof oxygen’slow solubility in water,it is lessabundant,and

thusmorelimiting, inaquatichabitatscomparedto terrestrialhabitats.Theamountof

dissolvedoxygenin freshwaterhabitatsthat is availableto organismsis a functionof

manybiotic andabiotic factorsincludingmetabolicprocesses(photosynthesisand

respiration),temperature,salinity, atmosphericandwaterpressure,anddiffusion.

Dissolvedoxygenthat is availableto aquaticbiota is generallymeasuredandexpressed

asmg/L orpercentagesaturation.Dependingonthearrayof aforementionedphysical
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andbiological factors,dissolvedoxygenlevelsin naturalfreshwaterhabitatscanrange

fromnearzero (anoxicor anaerobicconditions)to supersaturated.

Anthropogenicinfluenceson oxygeninfreshwaterhabitats

Alongwith themyriadnaturalprocessthat influencedissolved-oxygenlevelsin

freshwaterhabitats,manyhumanactivities canhaveprofoundeffects. In particular,the

additionof nutrients(nutrientenrichmentandeutrophication)ileads-Ttoieduccdoxygen

concentrationsbecauseof increasedproductivityandbiochemicaloxygendemand

(BOD). Numerousothertypesofpollution(e.g., sediments,thermaldischarges,

pesticides)andothertypesof anthropogenicdisturbances(e.g.,-streamchannelization,

catchmentlogging)caninfluenceoxygenlevelsbecausethey influencethecombination

of biotic andabiotic factorsthatcontrol it. Oxygendepletionas aresultof eutrophication

receivesmostattentionbecausethis is aprevalentproblemassociatedwithhuman

activities(e.g., sewageeffluent,agriculturalactivities,urbanization)that is oftenlinked to

reducedwaterquality andthelossanddegradationof naturalresourcessuchasfisheries

(Cooper1993). Eutrophicationhasalsoreceivedmuchrecentattentionbecauseof

relatedlarge-scaleissuessuchas thehypoxiczonein theGulfof Mexico, which hasbeen

linkedto elevatednutrientloadsin theMississippiRiver andits tributaries(Rabalaiset

al. 2002).

Dissolvedoxygenandwaterqualitymonitoring

Giventhat (i) oxygenis a crucial, limiting resourceto life in freshwaterhabitats,(ii)

humanactivitieshavegreatpotentialto influence it, and(iii) it is relatively easyto
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monitor, regulatoryagencieslogically focusondissolvedoxygenlevelsfor settingwater

quality standardsandmonitoringconditions. Most frequently,associatedmonitoring

activitiesfocus ondaily minimumlevels (oftenquantifiedpre-dawn)oraveragesover a

periodof time. Althoughthereis generalagreementthatdissolvedoxygenlevels arean

importantcomponentof waterqualitystandardsandmonitoringactivities, it is less clear

how standardsfor givenregionsandhabitatsshouldbe setandhow violationsof these

standardsare assessed(e.g., daily minimumsvs. weeklyaveragesvs. dynamicsof diel

oscillations).Morerecently,biological communities,usuallyfish and/or

macroinvertebrateassemblages(e.g.,biomonitoring),havebecomeincreasingly

importantcomponentsof surfacewatermonitoringprogramsbecausetheyintegrateand

reflectthe conditionswithin thehabitat,including, amongotherthings,oxygenlevelsand

thefactorsthat influencethem(Plaficin etal. 1989,LoebandSpacie1993,Barbouret al.

1999).

NationalandStateCriteria

Becauseoxygenis typically theprimaryfactor limiting aquaticlif~,severalattemptsha

beenmadeto developspecificcriteriain aquaticsystems(FederalWaterPollution

Control Administration1968,NationalAcademyof SciencesandNationalAcademyof

Engineering1972,Magnusonetal. 1979a). ThecurrentUSEPAnationalstandardfor

dissolvedoxygen(Chapman1986) wasbuilt on this pastwork. Thenationalcriteria

documentadoptsa two-concentrationstructurewith botha meananda minimumand

includesspecificcriteriafor bothcool-waterandwarm-watersystems.
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TheIllinois dissolvedoxygencriterionusedatpresentwasestablishedby theIllinois

PollutionControlBoardthreedecadesagoin theearly1 970s(R. Mosher,Illinois EPA,

Division of WaterPollutionControl, StandardsSection,personalcommunication).It is

basedon a simpleminimumallowabledissolvedoxygenconcentratisn.Settingsuch

minimawascommonpracticeforestablishingcontaminantloads in theearlyregulatory

settingfollowing passageof theCleanWaterAct (Chapman1986). ThecurrentIllinois

criterion, basedontheseearlydecisions,doesnotincorporatenaturalcycling in dissolved

oxygennor is it supportedby themostrecentscientificinformationonresponsesof
f Commenti beartily agreethat a angle 1

aquaticlife to hypoxic conditions rneatly~

~ greatly ndeeprotective

Systemsin Illinois

With the exceptionof theLakeMichigansystem,mostinland watersin Illinois are

dominatedby warmwater,non-salmonidfaunalassemblages.Althoughtheterm

warmwaterhasbeenusedfor decades,a formal definitionis still lacking(but see

Magnusonetal. l979b). In this document,warmwatersystemsare definedasthosethat

aretypically diverse,centrarchid-dominated,andcommonin the Midwesternand

southemUnitedStates(Magnusonet al. 1979b). Fishesin thesesystemscanbe quite

tolerantof at leasttemporaryperiodsof low dissolvedoxygen(Chapman1986,Smale

andRabeni1995a),althoughcertainspeciessuchas smailmouthbass(Micropterus

dolomieu)aremoresensitive.

Sincethe nationalcriterion for dissolvedoxygenwasdeveloped,fish continueto be

emphasizedbecauseof their commercialandrecreationalimportance.Some
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macroinvertebrates,suchasburrowingmayflies(Hexageniaspp.)and freshwatermussels

(Li-Yen 1998),arefar less tolerantofprolongedexposureto hypoxic conditionsthan

most fish (Chapman1986,Winter etal. 1996,Corkumet al. 1997). However,thismay

beexpectedbecausemanysensitivemacroinvertebratespeciesoccupypristine,well-

oxygenatedbenthichabitatsor areriffle-dwelling. Riffles havea highdissolvedoxygen

flux andorganismspersistingin theseenvironmentsmightbe expectedto havehigh

oxygenrequirements.Assessmentsof aquaticlife responsesto hypoxicconditionsneed

to accountfor thephysiological,behavioral,andlife historyadaptationsof theresident

organismsin thecontextoftheir naturalenvironment.Whendevelopingoxygencriteria,

how naturalcyclesin dissolvedoxygenstructurewarmwaterassemblages-must-be ________________________
Comment There is almostno dataon

.1 .1 thelow oxygentoleranceofmostcons1uere~ invertebratesand especiallyofwarm

wateriOctebraths. _ ,~ ~

WarmwaterOrganismsandDissolvedOxygen

Settingadissolvedoxygencriterionfor aquaticsystemsthatis adequatelyprotectiveto

aquaticlife is challengingbecauseof thewide adaptationsthatexistamongorganisms.

In warmwatersystems,therichnessandabundanceof specieswithin aquaticsystemscan

oftenbeexplainedby variationin dissolvedoxygen,becauseonly themosttolerant

speciescanpersistin systemswith frequentor chronichypoxia. An extensivesurveyof

Missouristreamsrevealedthat low oxygen,ratherthanhightemperature,is theprimary

factorlimiting fish distributions(SmaleandRabeni1995a,b). Increasesin thedissolved

oxygenconcentrationandgeneralimprovementin waterqualityof thewestembasinof

LakeErieare largelyresponsiblefor improvedfish andbenthicmacroinvertebrate

communities(Ludsinet al. 2001). Similar improvementsin fish communitiesoccurredin
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Swedishstreamswhendissolvedoxygenincreasedandwaterquality improvedacrossa

thirty-yearperiod(Eklov etal. 1998, 1999).

Manyphysiologicalresponseswithin aquaticorganismsoccur-to ensuresurvival under

hypoxicconditions. Many specieswill initially increaseventilationto increasethe

exchangeof oxygenacrosstherespiratorysurface(e.g.,gills; Beamish1964,Fernandes

etal. 1995,MacCormicket al. 2003). Tolerancetohypoxia is ultimatelyaffectedby the

capacityof bloodto uptakeandtransportoxygen.Furmiskyet al. (2003)founda marked

differencein bloodoxygencontentoflargemouthbassandsmallmouthbass (M

salmoides)underhypoxia. Largemouthbassbloodhadahigheraffinity for oxygenthan

thatof smallmouthbass. Further,smallmouthbassbloodcontainedelevated

concentrationsof catecholamines,stresshormonesthat initiatea numberofphysiological

mechanismsthat increasebloodoxygentransport. In contrastto speciesthatactively

regulateoxygenconcentration,otherspeciesexposedto hypoxia,typically thosethatare

relativelyinactive inbenthichabitats,will reduceactivityandmetabolism,thereby

decreasingoxygendemandof tissues(CrockerandCech1997,Hagerman1998). Some

organismsrely on anaerobicglycolysisandotheranaerobicbiochen-ticalpathwaysto fuel

their metabolismduring temporaryhypoxia (e.g., commoncarp,freshwatermussels),

althoughthe typical adaptationin habitatswith chronicallylow dissolvedoxygen

concentrationsappearsto beaerobicmetabolismplus efficient oxygenuptakeratherthan

anaerobicmetabolism(ChildressandSiebel 1998,Wu 2002). Whendeterminingthe

dissolvedoxygencriteria fora suiteof systems,the interactionbetweenphysiological

adaptationsandnaturalenvironmentaldissolvedoxygencyclesmustbe considered.
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Aquaticorganismswill alsorespondbehaviorallyto low dissolvedoxygenin the

environment.Organismsusuallymoveawayfrom areasof low oxygento thoseof higher

concentrationswhenoxygenconcentrationsarelocally heterogeneous.Thismaymost

commonlyoccurin vegetatedareasof lakelittoral zonesinwhich oxygenconcentrations

varyboth horizontallyandvertically,with areasof low andhighoxygenadjacentto each

other(Mirandaet al. 2000). Otherorganismssuchas somestreamfishesandamphipods

usetheair-waterinterfacewhendissolvedoxygenlevels arelow (Henry-andDanielopol

1998). Someinvertebrateandvertebratespeciesmusttrade-offtheuseof hypoxic areas

with therisk of occupyingothernormoxicareasthatmayhavea greaterrisk of predation

or lowerfood availability (Burlesonetal. 2001). Thishasbeenwell documentedfor

zooplanktonandChaoborususingthehypoxichypolimnionof lakesasarefugefrom

predators(TessierandWelser1991,PoppandHoagland1994,RahelandNutzman1995,

Dawidowiczet al. 2001). Morerecentlyhypoxic areashavebeenshownto be important

for smallfish evadingpredators(Chapmanet al. 1996,MirandaandHodges2000,

Burlesonet al. 2001) orusingtheseareasto forage(RahelandNutzman1995).

Chapman(1986) foundthat theearlylife stages(e.g., eggsandlarvae)of aquatic

organismsarethemostsensitiveto hypoxia. Formanyof theseorganisms,much

exchangeof oxygenoccurscutaneously(Jobling1995)andthusis not expectedto be

well-regulated.After theoxygenregulatingstructuressuchas gills are formed, the

ability to regulateoxygenandthustoleratehypoxiashouldimprove,with the structureof

gills andassociatedrespiratorybehaviorreflectingspecies-specificoxygendemandsand
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naturallyoccurringoxygenconcentrations(Jobling1995). In fresh,warm-watersystems

suchas thosein Illinois, manybenthicareaswherefish maydepositeggsinnestscan

becomehypoxicor anoxic. Thebehaviorof nesttendingandfanningin adultsincreases

theoxygenavailableto eggsandembryos,offsettingtheeffectof low oxygen(Hale et al.

2003). Otherspeciesin thesesystemshaveadaptationsthatallow their eggsandlarvaeto

avoidanoxicsedimentsincluding semibuoyanteggs(e.g.,asiancarps)or adhesiveeggs

thatattachto vegetation(e.g.,northernpike,yellow perch). Riffle-dwelling or gravel-

spawningspeciesrelyon rapidexchangeof waterto keepeggsoxygenated-(Corbettand

Powles1986). Howtheseadaptationsallow aquaticspeciesto copewith naturalcycles

andspatialheterogeneityof dissolvedoxygenmustbe consideredwhendeveloping

specificcriteria. Becausemostspeciesin Illinois spawninspring whenflow ratesare

highandtemperature-inducedhypoxiais low, seasonalfluctuationsindissolvedoxygen

mustalsobe factoredinto theevaluationof dissolvedoxygencriteriafor Illinois.

Chapman(1986)pointedout thatveryfew investigatorshaveusedconventionaltoxicity

teststogenerateLC5Osor EC5Osandthusfind critical dissolvedoxygenconcentrations

of aquaticorganisms.With a fewrareexceptions(i.e., Nebekeret al. 1992),this hasnot

changedsince1986.Additionally, no standardizedmethodfor conductingacutetests

with dissolvedoxygenyet exists. As a consequence,durationandintensityof

acclimationandexposureto hypoxicconditionsdiffer amongstudies. Oxygencontrol in

studiesis typically achievedeitherby vacuumdegassingornitrogenstripping, which

mayelicit differentphysiologicalresponses.Acuteeffectsof hypoxiahaveoftenbeen

quantifiedas aninteractionwith otherfactorssuchas contaminants,temperature,and



14

foodavailability. Forsublethaltests,effectshavebeenquantifiedasimpairmentof

behavior,reproduction,orgrowth. Chronictestsin thepublishedliteraturearerarerthan

acuteones,andareassumedto includethemostsensitivelife stages.Becausemost

dissolvedoxygentestsfail to includea full life cycle or,at the least,embryonicthrough

larvalstages,thesetestsfall shortin assessingchroniceffects(but seeNebekeret al.

1992). In thefield, hypoxiaoften onlyoccurstemporarilybecausedissolvedoxygen

concentrationsfluctuatedaily. Hence,quantifyingrecoveryuponreturnto normoxiamay

alsobeanimportantrequisitefor standardizedtesting(Person-LeRuyet2003).

FishResponsesto OxygenStress

Mostof thestudiesquantifyingcritical dissolvedoxygenminimafor warmwaterfish

species(i.e., nonsalmonids)in Illinois predatethe 1990s. A reviewof thesestudies

revealedthat adultsandjuvenilesof mostspeciessurvivedissolvedoxygen

concentrationsthatoccasionallydeclinebelow3 mg/l (Chapman1986). Higher

temperaturesgenerallyincreasethecritical dissolvedoxygenconeentretionnecessaryfor

survival. Many warmwaterspeciescansurviveprolongedperiodsof low dissolved

oxygenconcentrations(Downing andMerkens1957,MossandScott1961,Smaleand

Rabeni 1995a,b).SmaleandRabeni(1995a)determinedcritical oxygenminima-for35

fish speciesthatinhabitsmallwarmwaterstreams(Table 1). Thesecritical

concentrations,definedastheoxygenconcentrationat whichventilationceased,ranged

from 0.49mg/i to 1.5 mg/L (Table 1; SmaleandRabeni1995a). Thecurrentnational1-

dayminimumdissolvedoxygencriterion foradult life stagesis 3 mg/L(Chapman1986;

Table2). With the exceptionof theoxygenminimasetby SmaleandRabeni(1985a)and
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testedin SmaleandRabeni(1995b),no studiesto our knowledgehaveexplicitly

determinedhowthe criteriasetforth by theIllinois PollutionControlBoardor theUS

EPAnationalwaterquality documenttranslateto field distributionsof fish. Smaleand

Rabeni’swork suggestthat thecurrent1-dayminimumsetby thenationalcriterionfor - -

1~mment I have acenno data over thai
warmwaterfish is sufficientlyprotectiveofstreamfish assemblages rSt~Years thatwou~mdi~atethatthe

adequatelyprotectiveagainstlethal

effecta

Becauseearlylife stagesaretypically moresensitive,separatenationaldissolvedoxygen

criteriahavebeensetfor them(Table2; Chapman1986). An in situtestof theeffectof

dissolvedoxygenconcentrationon survivalof embryonicandlarvalbluegill, northern

pike,pumpkinseed,andsmallmouthbasswasconductedatspawningsitesin Minnesota

(PeterkaandKent 1976). The investigatorsfoundthattoleranceof short-termexposure

to hypoxiadeclinedfromembryonicto larvalstages.Upontransformingto larvae,many

fishesbecomefree-swimmingandjoin theopen-waterichthyoplankton.Hence,some

larvaedepartingpotentiallyhypoxicbenthicspawningareasmayno longerrequirehigh

toleranceof low dissolvedoxygenconcentrationsundernaturalconditions. Conversely,

otherspecieswithbenthiclarvae(e.g.,lampreys)shouldbe quite sensitiveto chroniclow

oxygenatthesubstrate-waterinterface.

To find tolerance for dissolvedoxygen,wedigitizedembryonicandlarval survivaldata

from Figure 1 in Chapman(1986). Wethensubjectedthedatafor Chapman’s“tolerant”

warmwaterspecies(largemouthbass,blackcrappie,white sucker,andwhitebass)and

“intolerant” species(northernpike, channelcatfish,walleye,andsmallmouthbass)totwo

setsof analyses,bothofwhich aredesignedto isolatean “inflection” point in thecurves
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of dissolvedoxygenconcentrationversuspercentsurvival (relativeto controls). The

natureofthe datadid notallow us to conducta probitanalysiswidely usedin toxicology.

Rather,in the first analysis,weusednon-linearregressionto fit thebestmodelsto the

tolerant(Michealis-Mentin)andintolerant(logistic) speciesdata. A secondanalysiswas

usedto identify thepointof majorchangein thedistributionsforbothtolerantand

intolerantfishes. Thistwo-dimensionalKolmogorov-Smirnovtest(2DKS)hasbeenused

successfullyfor finding majorbreakpointsinbivariatedata,for examplewhensurvival

changesfrom consistentlyhighto variablebeyondorbelowsomethresholdcontaminant

concentration(Garveyet al. l998a).

Forthe non-linearregressionanalysis,thecurvesfit thedatamoderatelywell (Figure 1).

Thehalf-saturationdissolvedoxygenconcentration(similar to anLC5O value)for the

tolerantspecieswas2.8mg/i. Forthe intolerantspecies,thedissolvedoxygen

concentrationat which 50%survivaloccurredwasmuchhigherat 4.3 mg/L. In the

2DKS analysis,thethresholddissolvedoxygenconcentrationswere3.72and3.75 mg/L

for thetolerantandintolerantdistributions,respectively,suggestingthat.survivaiof fish - - - -

I Comment The3 75 valueis lower

variedbelowthesevaluesandwasconsistentlyhighabovethem A conservative [~~~th~0ut

interpretationis that intolerantembryosandlarvaeareindeedmoresensitiveto low

IComment I generallyagreethere isa

oxygenconcentrationsandthat survivalshouldbeginto declinebelow 4 3 mg/L Early L thresholdbetween4 and5 rng/L

fcomment I agree

life stagesof tolerantspeciesshouldonly beginto showsurvivaleffectsbelow3.7mg/L~:.

Sublethaleffectsoflow dissolvedoxygenon growtharelikely morecommonthandirect

lethalones~Thus,carefullyquantifyingsublethaleffectsis animportantrequisitefor -
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settingcriteriafor fish andotherorganisms. Low dissolvedoxygenconcentrationscan __________________________
- - Comment~Primaryegreets(in die

reducegrowthby reducingforagingbehaviorandincreasingmetaboliccosts.[A review ~-‘

-in thepresenceofabundantfood,

conductedby JRBAssociates(1984)summarizedgrowthresponsesof northernpike,

largemouthbass,channelcatfish,andyellowperchto reduceddissolvedoxygen

concentrations(datasources:Stewartet al. 1967,AdelmanandSmith 1972,Carlsonet

al. 1980). Fornorthernpike,growthdeclinedfrom 16% to 25%between5 and4 mg/L,

withgrowthreducedby 35% atthe lowestconcentrationof 3 mg/l. Growthof channel

catfishdeclinedfrom 7% to 13%between5 and4 mg/L, with a29%reductionat 2 mg/L.

Forlargemouthbassandyellowperch,strong reductionsingrowthdid not occuruntil

concentrationswere2 mg/L, withgrowthreducedby 51% for largemouthbassand22%

foryellow perch.

Extrapolatinggrowthresultsfrom laboratoryexperimentsto thefield maybe

problematic,primarilybecauseof differencesin food availability. Althoughreduced

oxygenmayreduceconsumption,fish in laboratorystudiesmayhaveeasyaccessto food

andthusnot sufferthesameimpairmentas counterpartsin thefield (Chapman1986).

Chapman(1986)comparedthedatacompiledby JRBAssociates(1984)to thoseof

Brake(1972)who conducteda pondexperimentexploringtheeffectof reducedoxygen

on largemouthbassgrowth. Brakefoundthat growthof largemouthbasswasreducedby

as muchas 34%at dissolvedoxygenconcentrations(4-5mg/L) that had little effectin the

laboratory. Similarly, RNA-DNA ratios (anindexofgrowthwherehighRNA

concentrationsrelativeto DNA suggestsrapidproteinsynthesisandgrowth) werehigher

forbluegill undernormoxicconditionsthancounterpartsexposedto hypoxicconditions
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in thenaturalenvironment(Adayet al. 2000). However,this effectof hypoxiacouldnot

bereplicatedunderlaboratoryconditions(Adayet al. 2000). Clearly,field conditions,

includingreducedfood, changingtemperatures,increasedactivity rates,andfluctuating

oxygenlevels,needto be incorporatedinto studiesquantifyingtheintermediate-and

long-termeffectsof hypoxiaon growth.~ . .- -~

Fewstudieshavequantifiedthe effectof reduceddissolvedoxygenconcentrationon-the

reproductiveviability of adult fish. Recently,hypoxiahasbeenshownto be anendocrine ______________ _________

Comment: I believe this to be anatural

disruptor,affectingfish reproductivesuccess(Wu et al. 2003). Commoncarpexposedto - ~~ce of

survival. Tile endoeriiiesystemis simply

chronichypoxiahadreducedlevelsof serumtestosteroneandestradiol. Thesereduced
bioenergeticsense:“don’t wasteyoui-

levels ledto decreasedgonadaldevelopmentin bothmalesandfemales. Spawning ~ -

success,spermmotility, fertilizationsuccess,hatchingrate,andlarval survivalwereall

compromisedthroughthis mechanism.Lossof reproductivecapacitythroughreduced

energyintakeor increasedmetaboliccostshasbeenthemoretypical mechanism

implicated. Forspeciesinwhichadultbehavioris important(e.g., nestguarding),adults

mayabandonnestsor ceaseparentalcarebelow somethresholddissolvedoxygen

concentrationwherephysiologicalcostsoutweighthebenefitof successfullyproducing

offspring (Haleetal. 2003).

Thetiming andperiodicityof spawningshouldcorrespondwith ahostof ecological

factors includingtheavailability of food, avoidanceofpredators,andoverlapwith

optimumabiotic conditions(e.g., temperatureandoxygenconcentration;Winemillerand

Rose1992). Obviously,all of theseconditionstypically do not co-occurin time,
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necessitatingtrade-offsfor reproducingfish andotheraquaticorganisms.Themajority

of warmwaterfishesin Illinois spawnduring springthroughearlysummer(i.e., as early

as Marchandaslate asJune;Table3), largelybecausethis (i) allows young fish to

overlapwith a springpulseinprimaryproductionand(ii) providesenough-time-during

thegrowing seasonfor offspringto becomelargeandsurvivewinter (Garveyet al.

l998b). During spring,oxygenconcentrationsin moststreamandlake systemsshould

notbe expectedto below, becausethetemperature-dependentoxygencapacityof water

is not limited, lakesare typically unstratifiedandmixed,andseasonalproductionand

thuswhole-systemrespirationhasnotyet peaked.However,afewspeciesdo spawn

continuouslythroughsummerwhennaturaloxygenconcentrationsmaybeexpectedto

fluctuateandmayreachlimiting levels. Underthesecircumstances,fishesmusthave

adaptationstoreproducesuccessfullyincludingparentalcare(e.g.,nestfanning), riffle-
Comment This xequtresknowledgeof 1

dwelling offspring,or oxygen-toleranteggs embryos,andlarvae ~ the I
energybudgetofthe damsrs Ic~nnot
commentspecifically on these issues
espéciallyfbrlllinois.-- - ~ ~ 1

Macroinvertebrateresponsesto oxygenstress

Macroinvertebrate(typically larvalstagesof aquaticinsectsandfreshwatermussels)

responsesto low oxygensituationshavebeencharacterizedatthecommunity,

population,andindividual levels. Macroinvertebratecommunitiesandassemblagesin

habitatswith low dissolvedoxygenlevelsaregenerallydominatedby taxathatbreathe

atmosphericoxygenthroughrespiratorytubesor theuseoftransportableair stores(e.g.,

pulmonategastropods,hemipterans,andmanydipteranandcoleopterantaxa)and/or

thosewith otheradaptationssuchas someoligochaetesandChironomusmidgeswith

hemoglobinin their blood(Hynes1960,Wiederholm1984). Othertoleranttaxa,suchas
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the fingernailclamPisidium,canperformanaerobisandgo throughperiodsofdormancy

(Hamburgeret al. 2000),andthusmay alsobeabundantin low oxygenenvironments.In

contrast,taxaassociatedwith highly oxygenatedenvironments,suchasmanyPlecoptera,

Ephemeroptera,andTrichopterataxa,which primarily usetrachealgills for respiration,

areusuallyunderrepresentedor absentin oxygen-limitedfreshwaterhabitats.These

patternsarethebasisfor numerousmacroinvertebrate-basedbiomonitoringprograms

becausetheyarefairly consistentandreliableindicatorsof increasingorganicpollution

andassociateddecreasesin oxygenavailability, andcanthusreflectoverallsystemhealth

by integratingspatialandtemporalconditionsassociatedwith pollution andassociated

oxygenstress(e.g.,Hilsenhoff1987,Hilsenhoff1988,Lenat1993,Barbouret al. 1999).

Consideringtheincrediblediversityof freshwaterinvertebrates,thereis relativelylittle

informationregardingtheir oxygenrequirementsandtolerances. As wouldbeexpected

for suchadiversegroupof organisms,studiesto dateindicatethatmacroinvertebrate

responsesto’ oxygenstressatboththepopulationandindividuai.le.velsvarygreatly.

Lethaleffectsareobviousandwell documentedfor manytaxa, particularlymore

sensitivetaxasuchasmembersof theEphemeroptera,Plecoptera,andTrichoptera(Fox

et al. 1937,Benedetto1970,Nebeker1972,Gaufin 1973). Thesestudiesandothers

(reviewedby Chapman1986) indicatearangeof lethalminimafrom<0.6 mg/L for the

midgeTanytarsusto 5.2mg/Lfor anephemerellidmayfly, anda dissolvedoxygen96- - - -

Comment I remaincautiously

hourLC 50 concentrationofbetween3 4 mg/L for abouthalf ofall insectsexamined ~
complexIssuereqsurmga lull monogrsph

Similarly, toleranceto hypoxiarangesdramaticallyamongfreshwatermusselsa group
influencedbywaterflowandDO

that is of specialconcernbecausepopulationdeclinesare widespreadandmany species
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are now threatenedor endangered.In laboratoryexperiments,survival of Villosaspp.,a

riffle-dwelling genus,was compromisedunderhypoxicconditions(<2mg/l), whereasno

negativesurvivaleffectsoccurredforotherspeciessuchasElliptio spp.andPyganodon

grandis(Li-Yen 1998). Many of thesevaluesmustbe consideredwithin the contextin

whichtheywereobtained,as themostsensitivetaxaoftenlive in flowing waterhabitats

anddiffusion of oxygeninto gills andotherpermeablesurfacesispartly a functionof

watervelocitybecauseit determinesthereplacementrateofwateraroundthe diffusion

surface. Usingclosedrecirculatingsystems,SparksandStrayer(1998)examined

responsesofjuvenileElliptio complanatato varyingdissolvedoxygenlevels andfounda

sharpdifferencesin behavior(e.g., gaping,siphonextending)between2 and4 mg/L, and

individualsexposedto concentrationsof 1.3 mg/L for aweekdied.

Along with lethaleffects,thereare alsoimportantsublethalresponses.Themost

commonlyreportedsublethaleffectof low oxygenlevels onmacroinvertebratesis

reducedgrowth. Reducedgrowthratesoccurbecauseof decreasedaerobicrespiration

ratesandtheuseofenergyreserves,which would normallybeusedfor growthand

reproduction,for bodymovementssuchas ventilatingand/orothermechanismsfor

increasingoxygenuptake(Fox andSidney1953,Eriksonetal. 1996). Pesticidesand

othertoxicants,which areoftenpresentinpollutedhabitatswhereoxygenstressoccurs,

canfurther reduceinvertebratetolerancesto low oxygenconditionsbecausetheyoften

alterrespirationratesthemselves(e.g.,Maki et al. 1973,Kapoor 1976). Forfreshwater

mussels,the influenceof otherfactors includingsiltation,alteredhabitat,andlossof fish

hostsfor reproductionmayinteractwith low dissolvedoxygenconcentrationsto reduce
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growthandreproductivesuccess(Watters1999). Theconsequencesof sublethaleffects

suchasreducedgrowthareimportantat thepopulationlevel becauseadult femalesize is

positivelycorrelatedwith fecundityin a variety of invertebrates(VannoteandSweeney

1980,SweeneyandVannote1981).

Environmentalvariation in dissolvedoxygen

Dissolvedoxygenconcentrationsfluctuatein naturalsystems.Evenrelativelypristine

systemsmayhavespatialheterogeneityinoxygenconcentrationsthatrequiresorganisms

to moveor tolerateoccasionalspatesof hypoxia. Becausehypoxiais oftena natural

phenomenon,mostspecieshavesomeadaptationsthatallow themto tolerate

occasionallylow oxygen,while otherspeciesarespecificallyadaptedto occupyareasof

chronicallylow oxygen(e.g.,profundalamphipods;Hamburgeret al. 2000,MacNeil et

al. 2001). This sectionexploresfactorsinfluencingvariationin aquaticsystemsof

Illinois, with implicationsfor thegrowth,survival,andreproductivesuccessofresident

organisms.

Most field studiesexploringecologicaleffectsof dissolvedoxygencorrelatevariationin

dissolvedoxygenconcentrationswith the distributionsof fish andotherorganisms.If a

correlationoccurs,theninvestigatorsinfer thatdissolvedoxygenis themajorfactor

underlyingobserveddistributions.Themosttypical occurrenceofhypoxiain natural

freshwatersystemsarisesin stratifiedlakesduring summer.Hypolimnetic (lower strata)

watersof lakesoftenbecomedepletedof oxygenduring this season,causingfish and

otherorganismsto avoidtheseareas.A projectquantifyingtheverticalandhorizontal
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spatialdistributionof fishesin Lakeof Egypt,Illinois during summerthroughfall 2003

stronglydemonstratedthis pattern(ShermanandGarvey,unpublisheddata). Threadfin

shad,a specieswith a low toleranceto hypoxia,andhybrid stripedbass,a moretolerant

fish, were sampledwith gill netsatthreedepthsin threelocationsof the lake. Spatial

distributionofthesespecieswasaffectedby thepresenceof hypoxic hypolimneticwater,

withconsistentlyscarceabundancebelow4 mg/Ldissolvedoxygen(Figure2). This

researchconfirmsthe long-heldassumptionthatanincreasein hypoxichypolimnetic

water,expectedto occurin relativelyshallow,eutrophicsystems,shouldseverelyrestrict

habitatfor fish andotherorganisms(Numberg1995a,b,2002). Combinationsof

suboptimalwarmtemperaturesandlow oxygenduringsummer-months-can leadto

“summerkills” of fish, particularlythosespeciesthathavepoortolerancetohypoxia(e.g.,

shad).Althoughoxygenstratificationis notprevalentduringwintermonths,

“winterkills” of fish may occurby thenatural,biologicallydrivendepletionof oxygen

undersnow-coveredice in lakes(Klinger et al. 1982,FangandStefan2000,Danylchuk

andTonn2003). This shouldbemoretypical in thenorthernportionofIllinois where

wintersaremoresevere.

Dissolvedoxygenconcentrationsin streamscanbe influencedbymanynatural

environmentalfactors. Groundwaterinundationof streamsmayprovidecool

temperaturesthatarepreferredby aquaticorganismssuchas fish during summermonths

(MatthewsandBerg 1997). However,the tradeoffof seekingthesewatersmaybethat

theyareseverelydepletedin oxygen(MatthewsandBerg 1997). Many streamsundergo

a natural,oftencyclicpatternof floodinganddrying. During streamdrying, isolated
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poolsproviderefugefor streamorganisms.However,extremesin temperature,increases

innitrogenouswastes(e.g., ammonia)andsalts,andreductionsin oxygencantax the

performanceof residentorganisms(OstrandandMarks 2000,OstrandandWilde 2001).

Not surprisingly,fishesnativeto thesesystemstolerateextremeconditionssuchasvery

low dissolvedoxygen(Cechet al. 1990). Typically,oxygenreductionsin streamsand

otheraquaticsystemsarecausedby anincreasein oxygendemandofthemicrobesand

perhapsautotrophs(particularlyduringnight) throughorganicenrichment.However,

respirationof abundantorganismssuchastheexoticzebramusselcanbesufficiently

highto decreasedissolvedoxygenconcentrationswithin loticsystems(Caracoetal.

2000).

Manyexamplesof alterationsofaquaticcommunitieswith eitherspatialor temporal

changesindissolvedoxygenconcentrationsexist. Naturalvariationin dissolvedoxygen

concentrationoccursin thefloodplainsof streamsandrivers, affectingthe distributionof

fish. Forexample,larval sunfishandshadabundancewereassociatedwithspatial

variationindissolvedoxygenconcentrationin wetlandsof theAtchafalayaRiver in

Louisiana(Fontenotet al. 2001). Whenincreasedconnectivitythroughflooding

increaseddissolvedoxygenconcentration(above2 mg/L) in this system,larval fish

becameabundant,likely improvingrecruitment.Hence,naturalwetlandswithhigh

connectivityto their respectiveriver or lake shouldhavehigh-survival-offish andother

organisms. Indeed,reductionsinconnectivitydueto leveeconstructionand

sedimentationhavebeenimplicatedin reductionsin local specieS.richnessof wetlands

andadjacentecosystems.With improvementsin waterqualityduring thepastfew
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decades,increasesin dissolvedoxygendueto reductionsinorganicenrichmenthave

enhancedfish speciesrichnessin manysystemsrangingfrom-smallstreams(Eklovet al.

1999)to the GreatLakes(Ludsinet al. 2001).

Althoughfield associationsbetweenoxygenandspeciesassemblagesaresomewhat

common,few field studieshaveattemptedto link theoxygen-drivendistributionof

organismsin the field with laboratory-derivedcritical oxygenminima. Weknow ofno

currentpublishedliteraturethatexplicitly links thedistributionof organismsto the

warmwaterdissolvedoxygencriteriasetby eitherthenational(Chapman1986)or

Illinois water qualitystandards.Probablythemostextensivecombinedfield and

laboratoryprojectthattesteda specifica priori oxygencriterionwas initiatedby Smale

andRabeni(1995a,b; Table 1). Oxygenminimain theeighteenheadwaterstreamsin

which theyworkedrangedfrom0.8to 6.0mg/Lduring springthroughsummer1987 and

1988. Dissolvedoxygenconcentrationsandtemperatureswerequantifiedat least

monthly,andlow dissolvedoxygenconcentrationsweremostfrequentduring warmdays

with low to no flow. A multivariateanalysisrevealedthatoxygenminimaaffectedfish

assemblagesmorethantemperature.Temperaturemaximawere onlycorrelatedwith fish

assemblagecompositioninwell oxygenatedsites. Thus,oxygenconcentrationwasthe

“template” affectingfish success,with temperatureonly beingimportantwhenoxygen

concentrationswerehigh.

SmaleandRabeni(l995b) usedthe laboratory-derivedoxygenminima summarizedin

Table1 to generatea hypoxiatoleranceindex. This indexwascalculatedby multiplying
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thecritical oxygenminimumfor eachspeciesby its frequencyof occurrenceat eachsite.

Thevaluesfor eachspecieswerethensummedto derivea site-specific-indexvalue.

Meandissolvedoxygenandthehypoxiatoleranceindexwere stronglypositively

correlated(r”0.85)amongsites. Further,bothoxygenminima andhypoxiaindexvalues

differedamongstreamreachcategories.Siteswithin therelativelystable,steepOzark

regionstreamshadhighervaluesthanintermittent,lower gradient,moreagricultural

Prairieregionstreams. Thisresearchprovidesa frameworkby which streamsmightbe

characterizedby fish responsesto expectedoxygenminima. Muchlike otherindices,the

fish assemblageintegratesthelong-termoxygenregimewithin streams,without frequent

andcostlywaterqualitymonitoring. However,therelativecontributionof human-

inducedenrichmentandnaturalfactors to oxygenconcentrationsandhypoxiaindex

valuesin the streamswerenotexploredin this study. -

Identifying critical oxygenminimaappearsto be apotentially-usefulway for

characterizingsystemsandsettingstandardsfor regulationof dissolvedoxygen.

However,fluctuationsin dissolvedoxygenmayalsobeimportant,influencingtheability

for organismsto persist. Althoughwehavea strongunderstandingof themechanisms

underlyingfluctuationsof dissolvedoxygenin aquaticsystems,theextentof cycling has

notbeenwell documented.Rather,most field studiesquantifyingoxygenconcentrations

in aquaticsystemsrelyon temporallyandspatiallystaticpointestimates.Wedo nothave

a clearsetof expectationsfor the spatialextent,duration,frequency,ormagnitudeof

dissolvedoxygenfluctuationsin lotic andlentic aquaticecosystems.Nordo weclearly

understandhow organicenrichmentandotherphysicalchangesaffectmanyaspectsof
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oxygendynamics. Organicenrichmentshouldincreasethespatialextentofhypoxia

within aquaticsystems. Further,enrichmentshouldlowermeandissolvedoxygen

concentrations,decreaseminimumoxygenlevels,andpotentiallydampendaily cyclesin

oxygen,with importantimplicationsfor thestructureof aquaticcommunities.

Understandingthedynamicsofoxygenshouldbeparticularlyimportantfor systemsin

whichorganismshaveno refugefromhypoxicareas.

Nationalwaterqualitycriteria for dissolvedoxygen

Nationalwaterqualitycriteriafor dissolvedoxygenare basedprimarilyon researchon

theeffectsof low dissolvedoxygenonthegrowth,survival, andreproductionof fishes.

Chapman(1986)reviewedinformationontheserelationshipsanddevelopedstandards

now usedby theUSEPA. Chapman’srecommendationsare separatedinto criteriafor

coldwater(containing1 ormorespeciesof salmonid[Bailey et al. 1970] or other

coldwateror coolwaterspeciesthataresimilar in requirements)arrciwarmwaterfishes,

andfurtherdivided into early life stagesandotherlife stages(Table 2). Chapman’s

(1986)criteriareflectdissolvedoxygenlevelsthatare0.5 mg/L abovethosethatwould

beexpectedto resultin slight impairmentofproduction,thusrepresentingvaluesthat lie

betweenno impairmentandslightimpairment. Henceeachvalueis a thresholdbelow

whichsomeimpairmentis expected.However,thereis possibilityof slightimpairmentif

criteriaconcentrationsarebarelymaintainedfor considerablelengthsoftime (Chapman

1986).
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Foraverages,theperiodof averagingis importantandshouldbea movingaveragefor

theperiodof interest. Seven-dayaveragesare usedbecausetheearlylife stagesof fish

existfor shortperiodsandareverysensitiveto oxygenstressduring this period. If more

thansevendaysare includedin theaveraging,oxygenstressto earlylife stagesduring the

critical periodmaybeunderestimated.Longeraveragingperiods(e.g.,30 days)canbe

usedfor otherlife stages.Daily averagescanbereasonablyapproximatedfrom daily

maximumandminimumreadingsif diel cyclesaresinusoidal. If diel cyclesarenotclose

to sinusoidal,time weightedaveragingcanbeused. However,with the increasing

availabilityandaffordabilityof datalogging oxygenmeters,estimatingdaily averages

with thesemethodsis becomingobsoleteandmonitoringdissolvedoxygen

concentrationsovertimeis becomingeasierandmoreaccurat~.Foraveraging,daily

maximumvaluesthatareaboveair saturationcannotbe used(e.g.,theyshouldbe

adjustedto 100%air saturation)becausetheywill artificially inflatedaily averagesand

do notrepresentanybenefitsto fishes(Stewartet al. l967)~.

Daily minimumvaluesare nearthe lethal thresholdsfor sensitivespeciesandare

includedto preventacutestressand/ormortalityof thesesensitivespecies.During diel

cycling of dissolvedoxygen,minimumvaluesbelowtheacceptableconstantexposure

levelsaretoleratedas longas theproperlycalculatedaverages(seeabove)meetor

exceedcriteriaandtheminimumvaluesare notobviouslycausingstressor mortality. In

somecases(i.e. wherelargeoscillationsindiel cyclesof dissolvedoxygenconcentrations

occur),meancriteria aremetbutmeanminimumcriteria areviolatedrepeatedly. In these

cases,themeanminimumcriteriaare the regulatoryfocus.
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In summary,daily minimaarethe lowest dissolvedoxygenconcentrationsthatoccur

eachday(Table4). Seven-daymeanminimaarecalculatedby averagingthedaily

minimaacrosssevendays(Table4). If only amaximumandminimumdaily temperature

is available,a 7-daymeanis calculatedby averagingthedaily meansof themaximum

andminimumandthenaveragingacrosssevendays(Table4). It wouldbe more

desirableto generatea time-weighteddaily averageof multiple (or continuous)

temperatures,includingthemaximumandminimum. If daily maximaexceedtheair-

saturationconcentration(in Table4, 11 mg/L), thenthemaximumis adjustedto that

concentrationbeforeinclusionin themeans.

To accountfor theuniqueproblemsassociatedwithpoint dischargesin which dissolved

oxygenconcentrationscanbemanipulated(henceforthmanipulatabledischarges),

Chapman(1986)recommendedthatdaily minimumvaluesbelowtheacceptable7-day

meanminimumbelimited to 3 weeksperyearor that the acceptableone-dayminimum __________________________
Comment: Thesewerequantitative

be increasedto 4.5mg/L for coldwaterfishesand3.5 mg/L for warmwaterfishes.~ ~e~~~iatc to

addressa real qualitative issue.

Undersomenaturalconditions(e.g.,wetlands),expecteddissolvedoxygen

concentrationsmaybelowerthanmeansor minima setby thenationalcriterion. Under

thesecircumstances,theminimumacceptableconcentrationwould.be90percentofthe —- -

Comment: This is howI attemptedto

naturalconcentration.A low “naturalconcentration”is definedby Chapman(1986)as ,- - - ~ were

naturallyoccurringmeanor minimumdissolvedoxygenconcentrationsthatare lessthan

110 percentof theapplicablecriteriameans,minima, orboth.
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Illinois waterqualitycriteriafor dissolvedoxygen

The currentIllinois generalusewaterquality standard(Illinois PollutionControlBoard,

302.206)permitsdissolvedoxygenconcentrationsto belessthan6.0mg/L no more than

16 hoursa day. At no time candissolvedoxygenconcentrationsdeclinebelow5.0mg/L.

Thiscriterionis similar to thatsetby theUSEPAin 1976,which statedthat dissolved

oxygenconcentrationsshouldnotdeclinebelow5.0mg/L in aquaticsystems(USEPA r

Comment: This was not a well.

1976) This earlynationalstandardwasinfluencedheavilyby a joint NationalAcademy

of SciencesandNationalAcademyof EngineeringReporton waterquality in 1972 that _______________-—______
- Comment: Thiswas a muchniare

encompasseda singledissolvedoxygencriterionfor coldwaterandwarmwaterspecies. - -‘ ~ of

protection) was a seedfor thecurrent

Unlike thecurrentnationalcriterion(Chapman1986,previoussection),this earlier ~ -

nationalstandardandthecurrentIllinois standardarebasedon a singleminimum,rather

thanacknowledgingthat fluctuationsmayoccur,necessitatingtheinclusionof an

average. It alsodoesnotdevelopseparatecriteriafor differenttaxonomicgroups(e.g.,

coldwaterversuswarmwaterfishes),systems(e.g.,semi-permanentstreamsversus

permanentlakes),or ecoregions(e.g., centralcornbeltversusinterior river lowland). ___________________________
.1 Comment: Iwill not comment in

- ‘ Illinois—specific issuesasothersaremuch, much snoreknowledgeablethan I
sill.

Illinois EPA summarizesthestate’swaterquality in accordancewith Section305(b)of

the CleanWaterAct (IL EPA 2002). Annualreportsaregeneratedthatassessthequality

of surfaceandgroundwatersof thestate.In general,surfacewatersaredivided into

streams,lakes,andLakeMichigan,ofwhich we will focusprimarilyon assessmentsfor

streamsandlakes. Severalmonitoringprogramsprovidedatafor surfacewaterquality

assessmentincludingtheAmbientWaterQuality MonitoringNetwork(AWQMN),
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IntensiveBasinSurveys(IBS),Facility-RelatedStreamSurveys(FRSS),theAmbient

LakeMonitoringProgram(ALMP), theIllinois CleanLakesMonitoringProgram

(ICLP), theVolunteerLakeMonitoringProgram(VLMP), andthe SourceWater

AssessmentProgram(SWAP).

Illinois EPAhasadoptedseveraldesignatedusecategoriesfor waterincludingaquatic

life, primarycontact(swimming),secondarycontact(recreation),public watersupply,

fish consumption,andindigenousaquaticlife (ILEPA 2002). In thisreport,we

summarizetheapplicabilityof dissolvedoxygenstandardsprimarily for the aquaticlife

usedesignation,which is intendedto provide full supportfor aquaticorganisms.The

indigenousaquaticlife designationis reservedfor systemsin Illinois whichdo notfall

underIllinois EPA’s generalusedesignation(e.g., LakeCalumetandshippingcanals).

We do notexploretheapplicabilityof standardsfor thesenonindigenoususewaters,

althoughthecriterionfor dissolvedoxygenis a minimumof 4.0mg/L, 1 mg/L lower than

thestatewideoverallusestandard.

Illinois EPA’s approachtowarddeterminingwhethera waterbodymeetstheaquaticlife

designationis to first usearelevantbiotic indicatorsuchastheIndexof Biotic Integrity

for fish (IBI; Karr 1981,Karr et al. 1986,Bertrandet a!. 1996)or Macroinvertebrate

Biotic Index(MBI) (IL EPA 1994). Secondarily,theIllinois EPAturns to legally

establishednarrativeandnumericwaterquality standards,suchas theoneset for

dissolvedoxygen. Thisapproachis valid becauseit usesacceptedbiologicalindicatorsto

integratetheoverall effectsof waterandhabitatqualitywithin a streamor lake.



32

Adherenceto waterstandardssuchasthe onesetfor dissolvedoxygencanthenbe used

to identif~’thecausesof impairment.

Aquatic life usein Illinois streamsis evaluatedbasedon a“weight of evidence”approach

endorsedby USEPA(IL EPA2002). If possible,IBI andMBI dataare evaluated.These

bioticintegrityvaluesare comparedto establishedcriteriaandthenstreamreachesare

categorizedasbeingin full, partial, ornonsupportof theaquaticlife designateduse. If

indexvaluesareincompleteor available,thenwaterchemistrydataareusedto assess

quality. It is underthis scenariothat theIllinois standardfor dissolvedoxygenmightbe

usedto determinewhethera streamreachis in compliancewith this usedesignation.

Waterqualitydatafor streamsderivefrom severalsourcesincludingtheIBS, which

generatesIBI andMBI dataandtwo or threewaterchemistrysamplesatintensivesurvey

basinsites. AWQIVIN stationsalso generatewaterchemistrydatato beusedin-

assessments(aboutninesamplesperyear). FRSS stationsarelocatedatpointsources

andprovideanadditionaltwo or threewater chemistrysamplesperstation. Although

this combinationof biologicalandwaterqualitydataprovidea usefulgeneralassessment

of streamreachintegrity, dissolvedoxygenconcentrationsderivingfrom thesesampling

regimesarelimited atbestandprobablydo notcapturethenaturaldaily andseasonal

fluctuationsthatoccur. Limited pointestimatesofdissolvedoxygenconcentrationmay

notfully reflecttheoxygendynamicsoccurringinstreamreaches.

In recognitionof the limitations of singlewaterchemistryestimates,Illinois EPAuses

criteriabasedon theageandabundanceof waterqualitysamples(IL EPA2002). For
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example,a specific waterqualitycriterioncanbeusedto assessaquaticlife useif tenor

moresampleslessthan 5 yearsold are available. Undertheseconditions,a systemwould

be impairedfor aquaticlife useif dissolvedoxygenconcentrationsdeclinedbelowthe

statestandardin greaterthan 10% of samples.If greaterthan25%of samplesarebelow

the standard,thenthereachis consideredseverelyimpaired. This approachbetter

integratespotentialfluctuationsindissolvedoxygenconcentration.However,if

minimumdissolvedoxygencriteriausedby thestatearetooconservative,minimawithin

naturalfluctuationsin oxygenconcentrationmaybeinterpretedasimpairment. Because

theIllinois EPA designationprocessrequiresthatbiologistsaccountfor othersite-

specificfactorssuchas habitatqualityandbiotic integrity indicators,the likelihoodthata

systemwould beconsideredimpairedsolely asa functionof low dissolvedoxygen

concentrationis low.

A similarapproachis usedfor theassessmentof aquaticlife use in inland lakesin Illinois

(IL EPA 2002). Chemical, physical, and biological dataderivefrommany sources,and

includeas manyas 2,000lakes. Probablythemostintensivesurveyprogramis the

ALMP, which includesabout50 lakesperyear. Lakesaremonitoredfive timesperyear,

anddissolvedoxygenprofiles areincludedin thesamplingprotocol. Otherdataderive

from the ILCP andVLMP. The Illinois EPA’s Aquatic Life UseImpairmentIndex(ALl)

is theprimaryindicatorusedfor assessingthelevelof supportof aquaticlife use. The

ALl integratesthemeantrophicstateindex(TSI; Carlson1977),macrophytecoverage,

andconcentrationof nonvolatilesuspendedsolids. ALl valuesincreasewith increasing

impairment(e.g.,highproductivity, highvegetationcoverage,highsuspendedsolids).
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TheseALl valuesareusedto scoreeachlakefor overallusesupport. Theoveralluse

scoresarethenaveragedfor a lake whenmorethanonemeasurementis available. Low

dissolvedoxygenconcentrationis consideredasapotential causeof impairment(i.e.,

whenthemeanoverallusescoreis high) if (1) concentrationsbelowtheminimum

standard(5 mg/L atone footbelowthesurface)occurat leastonceduring a sampling

yearor (2) the lakemeanis consistentlybelowthis minimum. A fish kill corresponding

with low oxygenwould alsoqualify for designationoflow oxygenasapotentialcauseof

useimpairment.

The2002IEPA WaterQuality (305b)reportsummarizedaquaticlife usesupportfor

Illinois streamsandlakesthroughSeptember2000. Of the 15,491milesof streamsthat

wereassessed,5,450miles werecategorizedasbeingin partialor no supportoftheuse

designation.For2,962miles of the impairedstreamreaches,low dissolvedoxygendue

to organicenrichmentwas implicatedasapotentialcauseof impairment. Of 148,134

acresof lakes(N=352lakes),3,948acres(N2 lakes)werecategorizedasfailing to

supportoveralluse. In addition,121,648acres(N=203 lakes)were inpartialsupport.

Organicenrichmentleadingto low dissolvedoxygenwasimplicatedas a causeof

impairmentfor 80,135 acres(N=59 lakes). Clearly, low dissolvedoxygen

concentrations,astheyarenow definedby thestatestandard,are animportant

contributorto impairmentof designatedusein Illinois surfacewaters.
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AssessmentofIL waterqualitystandardandrecommendations

Basedon ourreviewof the literatureandcurrentstandards,thecurrentIL EPAmethods

for assessinghealthandimpairmentareadequate,buttheIllinois dissolvedoxygen

standardsare in needof furtherrefinement. In particular,the focuson biological integrity

for initial assessmentof freshwaterhabitathealthis theappropriate,progressiveapproach

andthestateshouldcontinueits focusonbiotic integrity. However,thedissolvedoxygen

standards,basedon dailymiima~are likely too conservativefor freshwatersystemsin -

this regionandshouldbemodifiedto morerealisticallyreflectlocal conditions. In this

document,weprovidestate-widerecommendations.However,with increasedscientific

information,region-orbasin-specificstandardslikely will morerealisticallysetcriteria

baseduponexpectedconditionsin oxygen,otherwaterqualityparameters,andhabitat

characteristics.

Our recommendationsareto generallyadoptstandardsof Chapman(1986) for

warmwatersystems,with somemodificationsbasedonresearchthathasbeencompleted

sincethis documentwasproduced(seeTable4 for exampleof calculations).Thirty-day

moving averagesidentifiedin Chapman(1986)arenot includedin ourrecommendations

because(1) theyarenotappropriatefor earlylife history stagesin which development

occursat amuchshortertime scaleand(2) responsesof all life stagesto changesin

oxygenconcentrationsarelikely bettercapturedandmorebiologicallyrelevantduring
Comment Thisasta-neIF themean

shorterwindows of time (i e, 1 7 days)~ ~ ~o~-iteraa

L4~cun1ent(a e 5 5 mg/L)
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Our recommendationsfor the Stateof Illinois are seasonalto (1) protectearlylife stages

(i.e., eggs,embryos,and larvae; typically 30-dpostspawning)of spring-spawningfish

species(Table 3) and(2) incorporatethe expectedfluctuationsandreducedmaximum

capacityof dissolvedoxygenduringsummermonthswhenjuvenileor adultstagesare

largelypresent.Althoughfew supportingdataareavailable,specieswith offspring

producedduringnon-springmonths(Table3) likely haveadaptationsthat allow themto

persistundernaturaloxygenconcentrationsexpectedduring summer.FThus,our

recommendedcriteriafor non-springmonthsshouldbesufficientlyprotectiveunless

further researchnecessitatesrefinement. Our recommendationsaresummarizedin Table

5.

SpringthroughEarly Summeii -

• A 1-dayminimumof 5.0 mg/Lduring springthroughearlysummer(i.e., March 1

throughJune30). This recommendationis basedon ourre-analysisofChapman

(1986)’sdaily minima(5 mg/L) for earlylife stagesoffish (Figure1) andspawning

timessummarizedin Table3.

• A 7-daymeanof 6.0mg/Lduringspringthroughearlysummer(i.e., March 1 through

June30). Thismeanis definedastheaverageof thedaily averagevaluesandshould

bebased,wheneverpossible,ondatacollectedby semi-continuousdataloggers. If

this is notpossible,daily averagescanbeestimatedfrom thedaily maximumand

minimumvaluesif daily fluctuationsin dissolvedoxygenareapproximately

sinusoidal.If daily fluctuationsarenot sinusoidal,thenappropriatetime-weighted
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averagesmustbeused. Regardlessof method(dataloggersor daily maximumand

minimum),maximumvaluesusedto calculatemeansshouldnotexceedtheair

saturationconcentrationsfor prevailingtemperatureandatmosphericpressure(see

Table4 for example).

OtherMonths1~

• A 1-dayminimumof 3.5 mg/L during theremainderof theyear (i.e., July 1 through

February28 or 29). This recommendationis basedonour re-evaluationof Chapman

(1986)’sdaily minima(3 mg/L) for adult life stagesandfish spawningtimes

summarizedin Table3. It alsois sufficientlyhigherthanthecritical minimafor

survival foundfor many commonspeciesof fish (e.g., seeTable1).

• A 7-daymeanminimumof 4.0mg/L duringperiodsduring theremainderoftheyear

(i.e., July 1 throughFebruary28 or29). Meanminimumis definedasthe averageof

theminimumdaily recordeddissolvedoxygenconcentrations.Seven-dayperiodscan

representany sevenconsecutivedaysandshouldbebasedonmovingaverageswhen

possible(seeTable4).

Other Considerations

• Manipulatabledischarges,definedearlierasthosein which dissolvedoxygen

concentrationsmaybemanipulatedandaregenerallyserially-correlated,presenta

specialcasewherea seven-daymeanminimumcanbeachievedwhile frequently

lowering conditionsto thedaily minimumandlikely exposingaquaticlife to oxygen
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stress(Chapman1986). As aresult,two areasinproximity to manipulatable

dischargesshouldbe monitoredclosely(e.g., continuously). Onemeasurement

shouldbetakenat thezoneof mixing; the othermonitoringstationshouldbe

downstream,at anareabeyondthe directinfluenceofthemixing zone. During the

non-springmonthswhenseven—day meanminimaareallowable(July through

February;Table5),werecommendthat theoccurrenceof daily minima valuesat the

recommendedone-dayminimum(3.5 mg/L) shouldbe limitedto no morethan3

weekstotalperyearor that theone-dayminimumbeincreasedto 4.0mg/L for areas

in which manipulatabledischargesoccur. Theseguidelineswill reducethelikelihood

of exposingaquaticlife influencedby manipulatabledischargesto oxygenstress.

• In caseswherediel fluctuationsof dissolvedoxygenare extreme,systemsmightmeet

meancriteriabutstill violateminima. Unusuallylargediel fluctuationsare

symptomaticof eutrophicationandin thesecasestheminimashouldbethefocusof

monitoringandassessmentactivities.

• Although werecommendtheuseof continuousmonitoringwithdataloggers,the

detectionof theviolationof daily minimavalueswill bemorelikely usingthis

method. Thus,thedetectionof violationsof daily minimausingrelativelyinfrequent

spotchecksmaybe indicativeof largerproblemsthanthosemeasuredwith

continuousmonitoring. This potentialissueshouldbeacknowledgedduring

monitoringandassessment.
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• In streams,werecommendthatdissolvedoxygenmeasurementsbemeasuredinpool —

IComment This whOie paragraphis a
runhabitats(not riffles) in thewatercolumnin or nearthethaiwegat 67%of thatas

neededfor adequateappJacstaonofDO

streamdepth.Readingsinstreamsshouldnotbetakenat thesediment/water ~ ~

interface,as this is aregionwherenaturaloxygensagsare expected.Werecognize

that many sensitivetaxaresidein thebenthosandmaybe negativelyaffectedby

hypoxiain this zone. Thus,future criteria includingexpectedoxygenconcentrations

atthesediment/waterinterfacemaybeuseful. Researchthatquantifiesrelationships

betweenwater-columndissolvedoxygenconcentrationsandthoseat thesediment

boundarywouldbehelpful for determiningsuchstandards.Naturalinundationof

potentiallyhypoxic groundwateralsomustbe takeninto accountwhenassessing

streamoxygen. In lakes,readingsshouldbetaken1 m belowthesurfacein the

limneticzoneabovethe deepestpointof the lake.

• LakeMichiganrepresentstheonly large-scale,nativecoldwaterfisheriessystemin

Illinois andthusshouldbeconsideredseparatelyfrom ourrecommendationsin this

documentthatarefocusedonwarmwatersystems. Werecommendthatcoldwater

andcoolwaterfisheriesassociatedwith LakeMichiganbeheldto standardsmore

appropriatefor residentfish communities,which havedistinctly higheroxygen

requirements(Chapman1986). The currentIL EPA recommendeddaily minimumof

5 mg/L is adequatefor the coldwaterandcoolwaterfishesin LakeMichigan(see

Chapman1986reviewof toleranceof coldwaterspecies)unlessfurtherresearch

indicatesotherwise.
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• Wetlandsdiffer from lakesandstreamsin thatthey areoftennaturallyproductive

systemswith low oxygen. Wetlandhabitatsareprotectedby numerouslaws and

otherprotectivemeasures,butthereis little informationregardingwaterquality

standardsfor wetlands. Further,wetlandsarehighlyvariableanda single,

comprehensivestandardmaybe difficult to achieve. As such,we cannotmake

recommendationsregardingwetlandsexceptthattheyshouldnotbe heldto the

standardswerecommendfor streamsandlakes. Futureresearchonwaterqualityand

associatedmethodsandstandardsin Illinois shouldincludewetlands.

• It shouldbe notedthatthecriteria werecommendfor streamsandlakesin Illinois

representworstcaseconditionsandthustheniimimumvaluesthatwerecommend,or

valuesnearthemimimum, shouldnotbecommonplacein spaceor timethroughout

the state. Systemsin which dissolvedoxygenconcentrationsdeclinefrequentlyto the

recommendedminimashouldnotbedesignatedasbeingin full supportof aquaticlife

use. Thefrequencyby which minimashouldbe allowedto occurshoulddependon

season.During springwhenearlylife stagesarepresent,weeklyor morefrequent

declinesto daily 1 -d minimamaybe sufficientto causestressto developingeggs,

embryos,andlarvae,compromisingsuccessofpopulationsthat reproduceover

relativelyshorttimeperiods. Conversely,twice weeklyormore frequentdeclinesto

1-d minimamaybetoleratedby adultsduring othermonths. Giventhedearthof

scientificinformation available,theseestimatescanonlybemadebasedon our

knowledgeof thetiming ofreproductiveeventsandshort-termresponsesof adultsto

hypoxia. Managersofaquaticsystemsin Illinois shouldstriveto continuously
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improveconditionsratherthanavoidviolationsof stateminimumstandards.As

mentionedearlier, this maybebestachievedby primarilymonitoring thebiological

componentsof aquaticsystems(e.g.,biotic integrity). Westressthat focusingon

biotic integrityin monitoringandassessmentactivitiesshouldcontinueas a major

focusfor the stateof Illinois. Aquatic communitiesreflecttheoverallhealthof

aquaticecosystems,andcanthus integrateall stressors.Waterqualitymonitoring

(e.g., continuousdissolvedoxygenconcentrations)andhabitatassessmentis critical

for identifyingthe causeof changesin biotic integrity. Furtherresearchon specific

relationshipsbetweenbiotic integrity, dissolvedoxygen,andotherwaterqualityand

habitatfactorsis needed.

• Researchthatquantifiesrelationshipsbetweenbiotic integrityanddissolvedoxygen

concentrationsin Illinois streamswill allow for developmentofphysiologically

based,hypoxic indices(e.g., SmaleandRabeni1995b),whichmayproveveryuseful

for the assessmentandmonitoringof surfacewaterhabitatsin Illinois. Laboratory-

basedestimatesofphysiologicaltoleranceof low dissolvedoxygenconcentrations

oftenfail to integratethehostofenvironmentalfactorsaffectinggrowth,survival, and

reproductiveviability. Thus,futureresearchshouldquantifyresponsesundermore

realisticconditions.

Gaps in our knowledge

Dissolvedoxygencriteriaandotherstandardsforassessingfreshwater-ecosystemhealth

andfunctionshouldcontinueto evolveasmore informationonrelationshipsbetween
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ecosystemhealthandthe varietyof measuredvariablesis gathered.Hence,all

recommendationsmadewithin this documentmustbeconsideredwithin thecontextof

our currentknowledgeof theserelationshipsandmayneedfurthermodificationas more

informationbecomesavailable. Therearemanydifferentknowledgegapsandresearch

needsin Illinois, aswell as at thenationallevel. In particular,wefeel that further

researchon quantitativerelationshipsbetweendiel oxygencurves,nutrientstatus,and

primaryproductionwill provideveryimportantinformationfor furtherunderstanding

freshwaterecosystemhealthandfunctionandfurthermodifyingwaterquality standards.

In particular,researchthatdirectlyquantifiestheserelationships,ratherthancorrelational

analyseswill beof greatvaluefor establishingrealisticwaterqualitystandards.Research

in this areashouldalso focusonhow diel oxygencurvesarerelatedto daily and longer-

termminimaandaveragevalues,andhowbiological (primaryproducercommunities)

andphysical(nutrients,light, flow, substrates)factorsinteractto influencethem. A more

preciseunderstandingof theserelationshipsin differenttypesof surfacewaterhabitats

will greatlyenhanceour ability to developmorepreciseandmeaningfulcriteria.

Thereis alsoa greatneedfor furtherresearchonthe useofbiological dataforassessing

freshwaterecosystemhealthandintegrityandestablishingwaterquality standards.

While dissolvedoxygencriteriamayaccuratelyreflectoxygenstressrelatedto nutrient

and/ororganicenrichment,biologicalmonitoringcanreflectoxygenstatusaswell as a

wide arrayof otherpotentialstressorssuchasotherforms ofpollution (e.g., pesticides,

metals)andphysicalhabitatdegradation,andintegrateconditionsover spaceandtime

(e.g.,SteingraeberandWiener1995,Rabeni2000,Griffith et al. 2001). Becauseof this
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andthemanyotherbenefitsofbiological monitoring(e.g., seeLoebandSpacie1993,

Barbouret al. 1999, andBarbouret al. 2000 for review ofthe manybenefitsofbiological

monitoring),andthenationalfocuson biomonitoring,weultimatelyrecommendthat

Illinois movefurthertowardstheuseofbiological datafor assessingfreshwaterhabitat

healthandfunctionandsettingwaterquality criteriain Illinois. In orderfor this to

happen,regionandhabitatspecific tolerancevalues,metrics,andmultimetric indicesthat

bestreflecthealthandfunctionwill needto be developed,tested,andcalibrated

throughoutthestate.Along with this,researchon regionandhabitatspecificreference

conditionswill beneeded.As with researchon dissolvedoxygendynamics,researchthat

movesawayfrom only correlationalanalysesandfocusesmoreon isolatinganddirectly

testingvariableswill beof mostvalue.
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Table1. Critical minimumdissolvedoxygenconcentrationsfor 35 speciesof common

headwaterstreamfishesdeterminedfrom laboratoryexperiments(SmaleandRabeth

1 995b).

Critical minimumdissolvedoxygen
concentration(mg/L)

Species Rank Mean 95% CI
Brook silversides 1 1.59 1.70-1.48
Rosyfaceshiner 2 1.49 1.67-1.30
Ozarkmmnnow 3 1.45 1.57-1.33
Bleedingshiner 4 1.35 1.47-1.23
Smallmouthbass 5 1.19 1.29-1.08
Redfinshiner 6 1.17 1.25-1.08
Blackbullhead 7 1.13 1.27-1.00
Rainbowdarter 8 1.10 1.21-0.99
Hornyheadchub 9 1.06 1.20-0.92
Bluntnoseminnow 10 1.04 1.11-0.97
Suckermouthminnow 11 1.04 1.09-0.98
Stripedshiner 12 1.03 1.10-0.95
Bigmouthshiner 13 1.02 1.07-0.97
Fantaildarter 14 0.98 1.06-0.91
White sucker 15 0.98 1.16-0.79
Commonshiner 16 0.97 1.06-0.89
Centralstoneroller 17 0.95 1.04-0.86
Sandshiner 18 0.93 1.11-0.75
Plainstopminnow 19 0.92 1.02-0.82
Red shiner 20 0.91 0.99-0.82
Blackspottedtopminnow 21 0.88 1.25-0.51
Blackstripetopminnow 22 0.88 0.90-0.85
Orangethroatdarter 23 0.86 0.98-0.73
Creekchub 24 0.84 0.90-0.79
Southernredbellydace 25 0.74 0.80-0.69
Fatheadminnow 26 0.73 0.79-0.67
Johnnydarter 27 0.70 0.76-0.64
Goldenshiner 28 0.70 0.75-0.65
Largemouthbass 29 0.70 0.77-0.63
Longearsunfish 30 0.68 0.74-0.63
Bluegill 31 0.66 0.74-0.57
Greensunfish 32 0.63 0.68-0.57
Orangespottedsunfish 33 0.62 0.68-0.56
Slendermadtom 34 0.60 0.67-0.54
Yellow bullhead 35 0.49 0.52-0.46



Table2. USEPAwaterqualitycriteriafor ambientwatercolumndissolved
oxygenconcentrationfromChapman(1986). Early life stagesincludeall
embryonicandlarval stagesandjuvenilesto 30 dayspost-hatching.

Period/Value Earlylife stages Otherstages

3odaymean NA 5.5

7daymean 6.0 NA

7 daymeanminimum NA 4.0

1 dayminimum 5.0 3.0
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Table3. Summaryof spawningtemperaturesor timesfor commonwarmwaterfish taxa

(by genusor species)in Illinois. SummariesderivefromPflieger(1997)andB.M. Burr,

personalcommunication,Departmentof Zoology, SouthernIllinois University,

Carbondale.

Monthsor Temperaturesof
Commonname Genus/Species Spawning Seasonof Spawning

Lampreys IchthyomyzonandLampetra MarchthroughMay Spring
Paddlefish Polyodonspathula April throughMay Spring
GoldeyeandMooneye Hiodon MarchthroughApril Spring

Mudminnow Umbra limi April Spring
Pikes Esox MarchthroughApril Spring
Creekchub Semotilusatromaculatus April throughMay Spring
Homyheadchub Nocomisbiguttatus April throughMay Spring
Stonerollers Campostoma 15°C Spring
Redhorse Moxostoma April throughMay Spring
Hogsucker Hypenteliumnigricans April throughMay Spring
Sucker Catostomous MarchthroughMay Spring
Spottedsucker Minytremamelanops April throughMay Spring
Chubsucker Erimyzon April throughMay Spring
Pirateperch Aphredoderussayanus May Spring
Sculpin Coitus MarchthroughApril Spring
Temperatebass Morone April throughMay Spring
Rockbass Ambloplitesrupestris April throughMay Spring
Crappie Pomoxis April throughMay Spring
Walleye/Sauger Sander April Spring
Yellow perch Percaflavescens April throughMay Spring
Logperch Percinacaprodes April Spring
Darters Etheostoma MarchthroughMay Spring
Freshwaterdrum Aplodinotusgrunniens April throughMay Spring
Sturgeons AcipenserandScaphyrhynchus April throughJune Spring-EarlySummer
Gar Lepisosteus April throughJune Spring-EarlySummer

Skipjack herring Alosa chrysochloris April throughJune Spring-EarlySummer
Gizzard/threadfinshad Dorosoma April throughJune Spring-EarlySummer
Commoncarp Cyprinuscarpio MarchthroughJune Spring-EarlySummer
Goldenshiner Notemigonuscrysoleucas April throughJune Spring-EarlySummer
Dace Rhinichthys April throughJune Spring-EarlySummer
Silverjawminnow Ericymbabuccata MaythroughJune Spring-EarlySummer

Southem redbellydace Phoxinuserythrogaster MaythroughJune Spring-EarlySummer
Minnows Hybognathus May throughJune Spring-EarlySummer

Minnows Pimephales May throughJune Spring-EarlySummer
Buffalo Ictiobus April throughJune Spring-EarlySummer
Carpsuckers Carpiodes April throughJune Spring-EarlySummer
Catfish Ictalurus May throughJune Spring-EarlySummer
Madtoms Noturus MaythroughJune Spring-EarlySummer
Blackbass Micropterus MaythroughJune Spring-EarlySummer
OtherPercina Percina Varies - April throughJune Spring-EarlySummer
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Table3 continued. -

Trout perch Percopsisomiscomaycus MarchthroughAugust Spring-Summer

Killifish Fundulus May throughAugust Spring-Summer
-- Mosquitofish Gambusiaaffinis MaythroughAugust Spring-Summer

Brook silverside Labidesthessicculus MaythroughAugust Spring-Summer
- Sunfish Lepomis MaythroughAugust Spring-Summer

Chubs Hybopsis Summer Summer
- Shiners Notropis MaythroughJuly Summer

Flatheadcatfish Pylodictusolivaris JunethroughJuly Summer
- Darters Ammocrypta Unknown Unknown
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Table4. Examplecalculationsfor 1-d minimum,7-d mean,and7-dmeanminimum

dissolvedoxygenconcentrations(mg/L; adaptedfrom Chapman1986). If only a

maximumandminimumdaily temperatureis available,a 7-daymeanis calculatedby

averagingthedaily means(maximumplus minimumdividedby two) andthenaveraging

acrosssevendays(seebelow). It wouldbe moredesirableto generatea time-weighted

daily averageof multiple (or continuous)daily temperatures,includingthe maximumand

minimum.

Day Daily Max Daily Mm Daily Mean

1 9.0 7.0 8.0

2 10.0 7.0 8.5

3 11.0 8.0 9.5

4 12.0* 8.0 95*

5 10.0 8.0 9.0

6 11.0 9.0 10.0

7 12.0* 10.0 10.5*

1 dayminimum 7.0

7 daymeanmm. 8.1

7daymean 9.3

*Maximum valueexceedsair saturationconcentrationof 11 mg/L.



Table5. Recommendedwaterqualitycriteriafor ambientwatercolumndissolved

oxygenconcentrationin Illinois surfacewaters(excludingtheGreatLakes,GreatLake

coolwatertributaries,andwetlands).

Period/Value

59

Spring(March 1-June30) Non Spring(July 1-

February28 or29)

l-dmiimum 5.0 3.5

7-d mean 6.0 -

7-dmeanminimum - 4.0
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Figure 1. Percent survival (relative to controls) of “tolerant” (i.e., largemouth bass,black
crappie, white sucker,white bass) and“intolerant” (i.e., northern pike, channelcatfish,
walleye,and smallmouth bass)fish larvae and embryos (adaptedfrom Chapman 1986).
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Figure 2. Effect of vertical distribution in dissolvedoxygen on the occurrenceof threadfin
shadand hybrid striped bassin Lake of Egypt, illinois during summerthrough fall 2003.
Fish avoidedthe deep,hypolimnetic water of the lake when dissolvedoxygen concentrations
declinedbelow 4 mg/L.
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Message Page1 of 1

Cowger, Donna

From: Cowger, Donna on behalf of Harsch, Roy M.
Sent: Thursday, July 22, 20048:52 AM
To: ‘Amessina~lERG.org’; ‘Deborah.Williams@epa.state.il. us’; ‘Jdonahue~geneva.iI.us’;‘lfrede@cicil.net’;

‘Stefanie.Diers@epa.state.ii.us’; ‘Toby. Frevert~epa.state.II. us’; ‘Cskrukrud@earthlink.net’; ‘AEttinger~elpc.org’;
‘bwentzel~prairierivers.org’;‘Syonkauski~dnrmail.state.ii. us’; ‘KHodge~lERG.org’;
‘Richard. Lanyon@mwrdgc.dst.il.us’; ‘claire©posegate-denes.com’

Subject: DO Proposal

At the first hearing in this matter Toby discussed the IEPAs willingness to discuss this proposal and potential
implementation rules. He has set aside the morning of August 12th for a Stakeholder meeting prior to the afternoon
hearing in Springfield. Below is a list of my thoughts on the items that should be included in the IEPA Implementation
Rules for the DO proposal. These are consistent with comments that Jim Garvey got from Chapman that the first full
paragraph on page 39 of Jim’s report “is a good example of the type of implementation documentation that is needed for
adequate application of DO standards”.

1. DO should be measured with continuous monitoring devices or approved methods for instantaneous results. These
would include DO meters and appropriate wet chemistry methods. The rule should cite the applicable USEPA test
method, etc.

2. A single reading below the proposed daily minimum would constitute a violation.

3. Values above saturation should be reduced to the DO level at saturation in calculating daily or long term averages.

4. In streams, DO should be: - -

a. measured in pool or run habitats not riffles,

b. taken at 2/3 or 67% of stream depth,

c. and not taken at the sediment/water interface.

5. In lakes, DO should be taken one meter below the surface in the limnetic zone above the deepest point of the lake.

Please let me know if you would like to participate in this meeting. My phone number is 312 5691441 and my E Mail

address is harsch©gcd.con.

Roy Harsch

Donna M. Cowger
Assistant to Roy M. Harsch
Gardner Carton & Douglas LLP
191 North Wacker Drive
Suite 3700
Chicago, IL 60606-1698
(312) 569-1682
dcowger~gcd.com

~_)j1~II
8/10/2004 ~itz~/o.-i~‘
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TofearGod, -
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Fence Post
Fighteffort to lower

Foxoxygencriteria
TheIllinois Associationof

WastewaterAgenciesisanorga-
nizationwhosemembersare
concernedwithcleanstreams -

and-areresponsibleforwaste-
watercollectionandtreatment -

in thestateofIllinois. Members
ofIAWA includeseveralwater
reclamationdistrictsalongthe

- FoxRiver.
WhileIAWA claimsit is con-

cernedwith cleanrivers,inApril
- 2004,lAWApropOSedaruleto
theIllinois PollutionControl
Boardthatwould lowerthe1111-
noisdissolvedoxygencriteria
from5.0mg/Lto 3.5mg/L. -

Theproposedreductionin - --

dissolvedoxygencriteriaWill-
not improvetheconditionof -

Illinois streamssuchasth~Fox
River. In fac~t,:-jt -havie -

opposite-effect.lxi -2002,theFox
Riverwascategorizedas
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Oneofthereasonsforthe
river’s impairmentislow dis-
solvedoxygen.Low dissolved
oxygenlevelshi theFoxRiver -

will negativelyimpactfish
speciesthatspawnin late-

summer,andsportfish suchas
smallmouthbassaresensitive
tolow dissolvedoxygenlevels.
Freshwatermusselsandother
aquaticmacroinvertebratesare
alsonegativelyaffectedby low
dissolvedoxygen. -

Insteadofrequestingto lower
thestate’sdissolvedoxygen
standard,IAWA, andit~affill-

- atedreclamationdistricts,
shouldbeleadersinensuring
thatdissolvedoxygenlevelsin
IllinOis RiversincludingtheFox
remainhigh.
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JointheS gàrGrove arket day { comeandwe
andinst adof twoyo g start- rerliainonestrongni
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ILLINOIS
NATURAL
HISTORY
SURVEY

July 30,2004

PatQuinn
LieutenantGovernor
StateofIllinois
OfficeoftheLieutenantGovernor
JamesR. ThompsonCenter,Suite15-200
Chicago,IL 60601

DearLt. GovernorQuinn:

I ampleasedto offer thefollowing commentsregardingyourletterof June24, 2004on the
dissolvedoxygenproceedingsnow occurringbeforethePollution ControlBoard.These
commentsarebaseduponmy reviewofthematerialssubmittedto thePCB,including thereport
by GarveyandWhiles titled “An AssessmentofNationalandIllinois DissolvedOxygenWater
Quality Criteria”. Theyarealsoderivedfrom an independentreviewoftheliterature,which
includedsomestudiesnotreferencedin theabovedocument,andonmyprofessionaljudgement.
I havebeeninvolvedin analyzingtheimpactsofvariouswaterqualityparameterson aquaticlife
sincethelate 1960s.

Thepresentcriteriaof“not lessthan6.0 mg/L duringatleast16 hoursof any24hourperiod,nor
lessthan5.0 mg/L at anytime” hasa degreeofconservatismbuild in thatshouldbeprotectiveof
all aquaticlife in Illinois. I find theproposedchange“during themonthsofJuly through
February,dissolvedoxygenshallnotbe lessthan a onedayminimumconcentrationof3.5 mg/L,
andasevendaymeanminimumof4.0mg/L” asnot beingconservativeenough,andof
potentiallyendangeringsomeaquaticlife in thestate. Someof thereasonsI reachthis
conclusionareaddressedbelow. -

TheGarveyandWhilesreportlumpsIllinois fish into warm waterandcold water. Many
biologist recognizethattherearemanyfishesthat would fall into amoreintermediatecategoryof
coolwaterfish. While thereis no cleardefinition of whatspeciescouldbeclassifiedascool
waterfish, therewould begeneralagreementthat somefish communitiesthriveunderconditions
ofmoremoderatesummertemperaturesand inwell oxygenatedwater. Someofourfiner
Smailmouthbassstreamswould fall into this category,aswouldsomeofour springfeedstreams
andsomeof ourwoodedstreamsandlakesparticularlyin northeasternIllinois. The Stateof
Oregondifferentiatesbetweensalmonspawningstreams,andwaterbodiesthat support cool
waterandwarmwateraquaticspecies.Theirwaterquality standardsfor theUmatilla subbasin
areaDO level for cool-wateraquaticlife ofnot lessthan6.5 mg/L andtheminimumfor warm-
wateraquaticlife ofnot lessthan5.5mg/L. TheIllinois DNR hasdevelopedapreliminarylist of

607EastPeabodyDrive, Champaign,Illinois61820-6970USA ~ ~

(217)333-6880 Fax(217)333-4949
http://www.inhs.uiuc.edu i.~Ai~



some55 streamsandrivers in thestatethattheywould classifyascool water. Again, while there
is no strict definition of cool waterstreams,thereis arecognitionthatfish communitiesin these
streamsdiffer (needgenerallybetterwaterquality) from otherwarm-waterstreamsandrivers in
thestate.

Thereis arationalein the literaturefor the5 mg/L minimum,andwhile furtherstudieshave
modifiedthis level lower for a numberofspecies,thereareotherspeciesthatprobablywould not
beprotectedat lower levels. Dowling andWiley (1986)did a reviewrelatedto this issueon
“The effectsofdissolvedoxygen,temperature,andlow streamflow on fishes:a literature
review”. In discussingminimumoxygenstandardstheycite thework ofEllis (1937)who
concludedthataminimumsummerdissolvedoxygenconcentrationof 5 mg/L wasnecessaryto
supportgood,mixed fish faunas.Theyalsocitedthework ofCoble (1982),who’s work in
Wisconsinindicatedthatwith a measureofdissolvedoxygenconcentrationof daytimeor
averagedvalues,the level of5 mg/L couldbeidentifiedasapoint ofdeparturebetweengoodand
poorfish populations.Chapman(1986),in adiscussionof field studies,cited theabovetwo
referencesplus a studyby Brinley (1944)who conducteda two yearbiological surveyofthe
Ohio RiverBasin. Brinley concludedthat his field resultsshowedthata concentrationof
dissolvedoxygenof5 mg/i seemedto representageneraldividing line betweengoodandbad
conditionsfor fish. -

SmaleandRabeni(1995b),in theirstudiesofMissouriheadwaterstreams,foundthat DO
minimumvaluesinfluencedspeciescompositionup to approximately4-5mg/L, whichis similar
to recommendedstandardsfor oxygenminimain warm-waterstreams(Welch andLindell 1992).
Theyalsostatedin thispaperthatdissolvedoxygenrequirementsfor long-termpersistenceof
streamfishesaretypically muchhigherthanthosedeterminedin laboratorysurvivaltests.
GarveyandWhiles (2004)discussthis effectin theirpaper,andstatethatgrowth ofa numberof
fish is reducedat 4 to 5 mg/L. Theycite thework ofBrake(1972)who foundthatgrowthof
Largemouthbasswasreducedby asmuchas34%at DO concentrationsof4 to 5 mg/L, alevel
thathadlittle effecton growth in thelaboratory. And it is well documentedin theliteraturethat
Largemouthbassaremoretolerantof low dissolveoxygenlevelsthanSmailmouthbass.
Furimskyet al (2003) foundthatprogressivereductionsin wateroxygenlevelshadamuch
greaterimpacton bloodoxygentransportproperties,acid-basestatus,ventilationrates,and
cardiacvariablesin Smallmouthbassthan in Largemouthbass.

Thedocumentby GarveyandWhilesrecognizesthattheeggandlarval stagesof fish aremore
-sensitiveto low DO levelsthanjuvenilesandadults. They suggestedmorestringentcriteria for
March throughJune(thespawningperiodformostfish), with lowerDO minimumlevelstherest
oftheyear. However,manyfish continueto spawnuntil laterin thesummer,andsunfishesand
bassin particularwill re-nestanumberoftimes if earlyattemptsto spawnfail or aredelayed. In
the testimonyby Sheehan(Exhibit 7)hestatedthat“mostIllinois fish speciesspawnin the
springandsummerseasons,sothemonthsofApril throughAugustarewithout doubtwithin the
‘early life historystagespresent’period.” - -

GarveyandWhilesrecognizethat “somemacroinvertebrates,suchasburrowingmayfliesand
freshwatermusselsarelesstolerantofprolongedexposureto hypoxicconditionsthanmostfish”.



Chen,HeathandNeves(2001)did a comparisonofoxygenconsumptionin freshwatermUssels
duringdecliningdissolvedoxygenconcentrations.Theyfound for P. cordatum(Ohiopigtoe)
foundin southeasternIllinois, andVillosa iris (Rainbow)foundin centralandnortheastern
Illinois, thatthe formershouldhaveDO levelsabove3.5 to 4.0mg/L andthelatterabove6 mgIL
to ensurethataerobicmetabolismremainsrelativelyunchanged. -

GarveyandWhilesstateneartheendoftheir documentthatDO standardsin Illinois, basedon
dailyminima,arelikely (myemphasis)tooconservative.However,thereseemsto be enough
evidencein the literatureto indicatethatthenewDO standardsthat theyrecommendmaynotbe
conservativeenoughto protectsomeT&E species(mostofwhich wehavelittle datafor) or
coolwaterfish assemblages.Theauthorsgo on to statethat“with increasedscientific -

information,region-orbasin-specificstandardslikely will morerealisticallysetcriteriabased
uponexpectedconditionsin oxygen,otherwaterqualityparameters,andhabitatcharacteristics.”
It seemsthatgiventheaboveit wouldbe moreprudentto keepthepresentstandardsandallow
for exemptionsonparticularwaterbodieswhereit canbedemonstratedthat lowerDO -

minimumscouldbeprotectiveoftheaquaticspecieswithin that waterbody. Criteriawouldhave
to be establishedfor makingthecasefor an exemption.

Anotherapproachcouldbe-to conveneapanelofexpertson thetopic, includingbiologists
familiarwith Illinois streams,that couldreviewtheliteratureandavailableinformationandcome
up with recommendations,possiblyby groupingwaterbodieswith somewhatsimilarspecies
compositions.Certainlywewouldwantto seemorestringentcriteriafor thosestreamsthatDNR
feelswould fall in thecool waterstreamcategory,orwhich havesensitiveT&E speciesfor
whichwewould like to seeadditionalprotectionprovided.

Finally, in termsofpossibleimpactsonsport fishestherewill besignificantconcernin thestate
from sportsmengroupsthat Smailmouthbassstreamsarenot adverselyaffectedby loweredDO
levels. And basedon the literature,thereappearsto besomechanceofanadverseaffecton this
speciesandfisherywith theproposedlower standard.

While I appreciatethefact thatthepresentDO standardis probablyoverlyconservativefor some
ofourwaterbodies,it probablyisn’t for otherwaterbodies. If we aregoing to adoptone
standardfor thewholestatethenit needsto be a moreconservativestandardto protectsomeof
ourmoresensitivespecies.If wedecideto adoptDO standardsby waterbody, thenwecanhave
different standardsfor differentwaterbodies.

I hopetheaboveanswerssomeofyourquestions.I would be gladto provideadditional
informationshouldyouneedit.

Sincerely,

1—David L. Thomas,PhD
ChiefINHS
Attachment(LiteratureCited)
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