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Thankyou for the opportunityto testifybeforetheIllinois Pollution Control

Boardduring this secondhearingin Springfield, Illinois. As I notedin thefirst hearing

beforetheBoard,I aman AssistantProfessorin theFisheriesandIllinois Aquaculture

CenterandDepartmentof Zoologyat SouthernIllinois University, Carbondale.My

researchinterestsrevolvearoundfish andaquaticecologyin lakesandstreams.The

Illinois AssociationofWastewaterAgenciesaskedDr. Matt Whilesandmeto assessthe

currentIllinois statedissolvedoxygenstandardwhichrequiresthat at no time shall

concentrationsdeclinebelow 5 mgIL andfor at least16 hourseachdaytheymustremain

above6 mg/L. In our report,weconcludedthat this standardis unrealisticformost

streamsin thestate,becauseoxygenconcentrationsfluctuatebothseasonallyanddaily,

oftendecliningbelow thestatestandards.Theseconclusionswerebasedlargely on

publishedstudiessummarizingresearchconductedoutsideofIllinois in additionto my

unpublisheddatain tributariesof theOhio River,which werediscussedduringthe first

hearing.

ProposedRecommendations

To makethestategeneralusestandardmorerealistic,Dr. WhilesandI

recommendedthat duringMarch 1 throughJune30 whenearlylife stagesof sensitive



speciesarepresent,aminimumidenticalto thecurrentIllinois standardof5 mg!L anda

seven-daymeanof6 mg/L shouldbeadopted.Duringwarmer,productivemonthsand

theremainderoftheyearwhenspecieswith sensitiveearlylife stageshavelargely

completedreproduction,werecommendeda minimum of3.5mg/L anda seven-day

meanminimumof4 mg/L. It is importantto emphasizethatweincludedrunningmeans

to avoidchronicallylow dissolvedoxygenconcentrations.Fortheproposedstandardto

be supported,minimamustnot beviolated,ensuringthat concentrationsneverapproach

critically lethal limits.

AnalysisofIllinois StreamData

In responseto questionsaboutfluctuationsofoxygenin Illinois surfacewaters,I

an~ilyzedtheapplicabilityofboth thecurrentstatestandardandtheproposedstandardto

eight Illinois streams,in which dissolvedoxygenandtemperaturewereintensively

monitored. My analysisis attachedasExhibit 1. I wasmadeawareofthesedataduring

ameetingwith theUSEPA on June18, 2004. It is my understandingthat theUnited

StatesGeologicalSurvey(USGS)andIllinois EnvironmentalProtectionAgency(IEPA)

begancollectingthesedatato addressconcernsabouttheapplicabilityof thecurrentstate

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 AssociationofWastewaterAgenciesand

submittedasexhibit ##. PaulTerrio (USGS),RobertMosher(IEPA), andMatt Whiles

(SouthernIllinois University)haveprovidedcommentson this reportthat I have

incorporatedinto thefinal draft. Theselong-termdataareunprecedented.I amawareof
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no othersimilarly comprehensivedatasetfor streamsoftheMidwesternUnitedStates.

Wenowhaveaccessto robustdatathatwill allowusto groundtruththeproposed

dissolvedoxygenstandards.

Theeight, intensivelystudiedstreamreacheswereNorthForkVermilion River

nearBismarck,Middle ForkVermilion RivernearOakwood,Vermilion Rivernear

Danville, LuskCreeknearEddyville,MazonRivernearCoalCity, RayseCreeknear

Waltonville, SaltCreeknearWesternSprings,andIllinois RivernearValley City.

During late summer2001 throughfall 2003, semi-continuousdissolvedoxygenand

temperaturedatawerecollectedby IEPA andUSGS. Thestreamsegmentsvariedwidely

in physicalcharacteristics,surroundinglanduse,andlatitude. Five oftheeight stream

segmentsarecurrentlyconsideredimpairedandincludedon themostrecent303-dlist

compiledby IEPA. Thenatureof impairmentvariesfrom nutrientenrichmentin Rayse

Creekto mercuryandPCBcontaminationin theIllinois River.

DissolvedOxygenPatternsin Illinois Streams

Theresultsfrom this analysisupholdtheconclusionsoftheGarveyandWhiles

report. As expected,dissolvedoxygenconcentrationsdeclinedin all streamsduring

summer,with diurnalfluctuationsvaryingamongthem. All eight streamsviolatedthe

Illinois statestandard,althoughviolationsoccurredasinfrequentlyas 1 %of daysand as

frequentlyas65% ofdays. Among theunlisted,unimpairedstreamsegments,oxygen

dynamicsvariedwidely, with Lusk Creek,afunctioningstreamin aforestedwatershed,

regularlyviolatingtheIllinois standardof5 mg/L during 22%of days. In two ofthe

impaired,303-dlisted streams,theIllinois standardwasviolatedfrequently,with

concentrationsoftendecliningbelow 2 mg!L, which is regardedto be lethal for many
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aquaticorganisms.However,in otherlisted streams,dissolvedoxygenconcentrations

weretypically greaterthanthe 5 mg/L minimum.

We might expectthatnutrientenrichmentis theprimaryfactoraffectingdissolved

oxygendynamics. Streamswith greaternutrientloadingshouldhaveloweroxygen.

However,SaltCreek,an impairedstreamwith low biotic integrityandhighnutrient

enrichment,hadhigheraveragedissolvedoxygenconcentrationsthantheMazonRiver,

whichwasonly listed forPCB andpathogencontamination.Nutrient enrichmentmust

interactwith otherfactorssuchasstreamphysicalhabitatto affectoxygendynamics.

ApplicationoftheProposedStandard

Adoptionoftheproposedstandardgreatlyreducedthenumberofviolationsin

unimpairedstreamssuchasLusk Creekwhile still capturingviolationsin impaired

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

theseverelyoxygen-impairedstreamsandidentifiedthetimeperiodwhenoxygen

problemsoccurred. It maybe temptingto regardLusk Creekasanintermediatebetween

a functioningandan impairedsystemand suggestthatits frequentviolationsofthe

currentstatestandardareawarningsignal. However,this is quite far from thetruth.

This streamsegmentis in theLusk CreekWildernessareaofthe ShawneeNational

Forestand is consideredto bein apristinestate,with ahighly regarded,intact,and

diversefish andmacroinvertebrateassemblage.A concernoftheBoardduring thefirst

hearingwasthatminimum oxygenconcentrationsof3.5 mg/L which occurredduring

summerin Lusk Creekwouldnegativelyaffect summer-spawned,earlylife stagesof

residentspecies. It is quiteclear,giventherobustassemblagein this systemthatnatural,

summerdeclinesin dissolvedoxygenconcentrationbelow thestatemandated5 mgIL and
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occasionallyreaching3.5 mg!L did not negativelyaffectfishesreproducingduringthis

time. Lusk Creekdemonstratesthattheseasonallyappropriateproposedstandard

protectsbothspringandsummerreproducingspecies.

TemperatureEffects

Dissolvedoxygenconcentrationswerequantifiedin apooledareaofLuskCreek

asrecommendedin theimplementationguidelinesoftheGarveyandWhilesreport. It is

in this areathatwewould expectto encounterthemostconservativedissolvedoxygen

concentrations.In contrast,theMiddleFork oftheVermilionRiver, in whichoxygen

concentrationswereconsistentlythehighest,hada loggerlocatedabout100m belowa

riffle area,wherewewould expectoxygenatedwaterto be abundant.Although it maybe

arguedthatLusk Creekis asouthernIllinois streamandwarmtemperaturesmaybe

responsiblefor declinesin oxygenduringsummer,dissolvedoxygenconcentrationswere

lowestat intermediatesummertemperatures,indicatingthatit is not the seasonalmaxima

ofstreamsthat reduceoxygenconcentrations.Further,I foundno substantivedifferences

in temperatureamongstreamsacrossthenorth-southgradientin the state.Thesedata

effectivelyshowthat theproposedstandardeffectively capturesoxygendynamicsthat

occurin natural,fully functioningIllinois streamssuchasLusk Creek. A revisedgeneral

usedissolvedoxygenstandardin Illinois suchasthat proposedby Garveyand Whilesis

needed.

HabitatModification

Someinvestigatorshavearguedthat artificially poolingstreamsorrivers by

building damswill reduceoxygenandthereforenegativelyaffectresidentspecies.

Recentreportsin theFox andDuPageRivershaveshownthatpooledareasofstreams
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violatethecurrentstandardmorethanopenreachesandthatfish compositiondiffers

betweenthem. Theproblemwith implicatingviolationsofthecurrentdissolvedoxygen

standardasresponsiblefor alteringordegradingspeciescompositionin pooledreachesis

that thehabitatoftheriver changesaswell astheoxygendynamics. In short,flow

declines,sedimentationincreases,andmorefish thatrelyon accumulationoforganic

matterandopenwaterwill prosper.Oxygendeclinesbecauseofthe increased

biochemicaloxygendemandofthesedimentandincreasedretentiontimeofthewater.

As long asoxygenconcentrationsremainabovetheproposedstandardin pools, species

adaptedto pool conditionswill beabundantwhile flow-dwelling specieswill berareor

absent.Ofcourse,if oxygenconcentrationsdeclinebelow theproposedstandards,even

speciesadaptedto pooledconditionswill ceaseto persist. GarveyandWhiles

recommendmonitoringpooledareasofnaturalstreams,becauseoftheir lower expected

oxygenconcentration.

Theeightintensivelymonitoredstreamsprovidemoreinsight into theproblemof

teasingapartchangesamonghabitat,oxygen,and otherwaterqualityparameters.Across

thestreams,no relationshipexistedbetweenbiotic integrity scoresandoxygenminimaas

estimatedby frequencyofviolationsofeitherthecurrentorproposedstandards.

Typically, integrity scoresarecloselyrelatedto measuresofhabitatquality, which

include factorssuchasastream’ssubstrate,habitatdiversity, andriparianvegetation.

Habitatquality fostersthediversityof organismsbyprovidingfood,shelter,and

reproductiveareas.As such,it appearsthathabitatratherthanoxygenprimarily

influencesspeciescomposition.Reducedoxygenconcentrationsandincreaseddiurnal

fluctuationsareasecondaryeffect ofhabitatdegradationor modification.
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ComparisonbetweenOxygenandAmmoniaStandards

Themostconservativeammoniastandardsfor thestatearedesignedto protect

earlylife stagesof all fish speciesfor thedurationofspawning,whichmayextend

throughOctober. In thefirst hearing,I wasaskedwhythemostconservativeproposed

oxygenstandardextendedonly throughJune,while theconservativeammoniastandardis

extendedthroughtheentirereproductivecycleoffishes. Dynamicsof total ammoniaand

oxygendiffer in streams.Thetotalconcentrationofammoniain streamstypically

dependsondischargeanddoesnotvarynaturallyon a seasonalbasis.Further,the

toxicity oftotal ammoniaincreaseswith increasingtemperatureduringsummer,

necessitatingstringentstandardsfor all earlylife stagesoffish, particularlythosethat are

producedduringsummer.Conversely,thedatasummarizedin my reportclearlyshow

that oxygenconcentrationsin thepooledareaofa natural,functioningstreamdo decline

well below thecurrentstandardduringsummerbut notbelow theproposed,seasonally

appropriateone. As I notedearlier,becausethe communityin suchastreamis intact,

summer-spawningfish speciesmustreproducesuccessfullyduring this time,

demonstratingthattheproposedstandardbetterreflectsnaturalfluctuationsin thissystem

whileprotectingresidentfishes.

Reviewby GaryChapman,AuthoroftheNationalCriteriaDocument

To determinewhethertheseasonalstandardwasconsistentwith theUnitedStates

EnvironmentalProtectionAgency’s 1986NationalCriteria Document,I soliciteda

reviewfrom its author,GaryChapman,following thefirst hearing. Hehadprovideda

reviewto theWaterQuality SectionoftheIllinois Chapterof theAmericanFisheries

SocietyonJune28, 2004andforwardedthis reviewto me. To summarize,he felt that
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thetiming ofseasonalstandardsdependedon aworkingknowledgeofthefish

communityin thestateandshouldbe “left to theexperts”. His largestconcernwasthe

omissionofa 30-dayrunningaverageof 5.5 mg!L in theproposedstandards.Although I

still think that suchastandardis generatedoversuchalargetime scalethatit is generally

biologicallymeaningless,it maybeworthconsideringaspartof theproposedstandards

givenhis expertopinion. His othercommentswererelativelyminor, revolvingaround

theinterpretationofrecentfindings in dissolvedoxygenresearch.Hesupportedour

implementationrecommendationsandthoughtthat theyshouldbe adopted.Regarding

protectionoffish duringsummer,hecommented:“I haveseenno dataover thepast20

yearsthatwould indicatethatthe3 mg!L minimumwouldnot beadequatelyprotective

againstlethaleffects”.

ChemicalInteractionswith Oxygen

In thefirst hearing,I wasaskedaboutthepotentialeffectsof low dissolved

oxygenconcentrationsonwaterchemistryin streamsandlakes. To thebestofmy

knowledge,reduction—oxidationchemicalreactionsareunaffectedby oxygen

concentrationsuntil theydeclinefar below theproposed3.5mg!L minimum.

Conclusions

In summary,muchmoreis knownaboutfluctuationsin oxygenandtemperature

in streamsin thestateofIllinois thanduringthefirst hearing.Resultsofthenewanalysis

confirmtheconclusionsofthe GarveyandWhilesreportfor otheraquaticsystems.

Semi-continuousmeasurementsin pristine,forestedLusk Creekwerequantifiedin the

appropriatelocationand providea usefulbaselineby which generalexpectationsfor

dissolvedoxygenconcentrationscanbe generated.Although theproposedstandardsmay
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be generallyappliedacrossthe state,eitherregionalstandardsorastreamclassification

systemshouldbeadoptedto betterreflectuseexpectations.Sucha systemwill needto

incorporatebiotic integrity, habitatquality, andwaterquality goalsratherthanfocusing

solelyon dissolvedoxygenexpectations.Giventhedatafrom theeightIllinois streams

andothersystemsin thestate,the likelihood thatthecurrentdissolvedoxygenstandard

will not applyto manyofthesesystemsandproducefalseviolations is confirmed.

Adopting theproposedstandardandstandardizedmonitoringoutlinedin theGarveyand

Whilesreportwill not onlyreducetheprobabilityofdetectinga falseviolation in

functioningstreamsbut it will providerobust,long-termwaterqualitydatasetsfor

improvingmanagementofsurfacewatersin thestate.
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Introduction

GarveyandWhiles (2004)concludedthat thecurrent Illinois dissolvedoxygenstandard

is unrealistic, becausenaturally fluctuating dissolvedoxygenconcentrations in surface

watersofthe stateshould occasionallyor frequently declinebelow the critical minimum.

Specifically,theIllinois generalusestandardrequires that dissolvedoxygen

concentrationswithin surfacewaters ofthe stateneverdeclinebelow 5 mgfL andremain

above6 mgfL atleast 16 hours eachday. Although the GarveyandWhiles (2004)report

citedpublished studiesshowing thatdissolvedoxygenis heterogeneouswithin aquatic

systemsandthat concentrationsin naturalsystemsoftendeclinebelow 5 mgIL during

summer,little streamdatawithin illinois wereavailable to support thisconclusion. Since

that report wascompleted,a continuousmonitoring data sethasbecomeavailable (Paul

Terrio, United StatesGeological Survey andRobert Mosher, Illinois Environmental

Protection Agency,unpublisheddata) in which dissolvedoxygenconcentrationsand

temperatureswere quantified semi-continuouslyin eight streamreachesduring a two-

yearperiod. Thesestreamswere distributed both along a north-south gradient anda

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

consideredin theselectionofmonitoring sites,with the streamsvarying from fully

functioningto impaired,with someincludedon the 2004,IL-EPA 303dlist.

I obtainedthesedataandanalyzedthemrelative to the current IL dissolvedoxygen

standardand the standardsproposedin Garveyand Whiles (2004). Following the

National Criteria Document(Chapman1986),GarveyandWhiles(2004)recommended:



3

• A minimum of5.0 mgfL spring throughearly summer(i.e.,March 1 throughJune

30)

• A 7-d meanof6.0mgfL springthroughearlysummer(i.e.,March 1 throughJune

30)

• A minimumof3.5 mg(L the remainder oftheyear (i.e.,July 1 throughFebruary

28 or 29)

• A 7-dmeanminimum of4.0 mg(L the remainder ofthe year(i.e.,July 1 through

February 28 or 29)

In thisreport, I evaluatehow the current andproposedstandardscharacterize streamsin

the staterelative to season,streamqualityandgeographiclocation. Oxygen and

temperaturedynamicsareinterpreted in light ofthe extant biotic communitiesandthe

location ofthe loggerwithin eachstream.

Study Sites

North Fork Vermilion River near Bismarek, IL. This east-centralillinois streamreach

(IL-EPA, BPG-09) averages20-rn wide at baseflow andis 0.3- to 1-rn deepatthe

locationofthe logger. Total surface water for this streamis 1.14 km2. The drainage for

this streamreachisprimarily agricultural. Substrateis gravel riffle with vegetation

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

streamwas303-dlisted as a highpriority for impairmentby pathogens.
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Middle Fork Vermilion River near Oakwood, IL. This east-central,“wild andscenic

river” streamsite (IL-EPA, BPK-07) is about 30-rn wide, with 5.4kin2 surface areaat

normalflows. The loggerwas placedat an area1-rn deepnear a rock riffle on the outside

of a gradualbend. Somegrowthofaquaticvegetationoccursin the riffle during late

summer. Land-usein theareais primarily agricultural. Annual meanstreamflow is 11.4

m3/s.

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

Illinois is located in an areawith about 91% agriculturaland4% urbanland-use. This

streamhas a gravelandsandsubstrateandis about 50-rn wide atbaseflow. Surfacearea

ofthis streamis 24.3km2. Depthat loggerlocationwas2-3meters at baseflow. Annual

meanstreamflow is 28.9m3/s.

Lusk Creek near Eddyville, IL. Located in the southeastern- Illinois ShawneeNational

Forestand drainingthe Lusk Creek Wilderness area,this0.22-kin2,meandering stream

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

located in apool ofabout 2-rn deepand10-rn across. Land useis 76% forestedand

about 18% agricultural. Woodydebris andvegetationoccurin thechannel; surfaceflow

betweenthepool andthechannel canbecomedisconnected. Annual meanstreamflow is

1.7 m3/s.
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Mazon River near Coal City. IL. This 17-km2north-central Illinois river (IL-EPA, DV-

04) is listedas impaired for PCBsandpathogens. Agriculture dominatesthe land-use

(94%), with urbanbeingthe nextmostabundant class(4%). Streamwidth averagesat

50 m, with vegetationgrowing in the channeland on the rock andgravel riffle at thesite.

Annual meanstreamflow is9.9 m3/s. S

RayseCreek near Waltonville.. IL. Although this southern-illinois stream(IL-EPA, NK-

01)residesin apredominantly agriculturalwatershed,about 17% ofthe surroundingland

is forested. The streamsite is a slowmoving and turbid pool, with aflashy hydrograph

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

about 6-rn wide and<1 m deep,although thesemeasurementsvarywidelywith stream

flow. This 0.62-km2streamis a tributaryofthe Big Muddy which is impounded

downstreamto form RendLake. Annualmeanstreamflow is 2.5 m3/s. It is 303-dlisted

with nutrients, low pH, enrichment,pathogens,and suspendedsolidsascausesof

impairment.

Salt Creek near Western Springs,IL. This is thenorthernmoststream(IL-EPA, GL-09)

locatedprimarily in theurban (80% ofland use)Chicagoarea. Surface areais about 7

km2 andwidth averages23 meters. The sitehasapartialriffle with heavy aquatic growth

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

also is 303-dimpaired,withnutrients, salinity, and pathogensascauses.
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illinois River nearValleyCity. IL. This large segment(1,003km2 surfacearea; IL-EPA,

D-32) in east-centralIllinois averagesat 200-rnwide. Locationof loggerwasabout 8-rn

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

agriculture with the remainder beingapproximately half forestedandhalfurban. This

segmentis also303-d listed for metal andPCB contamination.

Data CollectionandAnalysis

Data collectionwasa joint effort betweentheUSGSand JEPA. At eachstreamsite,

temperatureanddissolvedoxygenconcentration(mg/L) werequantified every 30-

minutesduring late summer2001 throughfall 2003. Monitors were typically mounted in

areaswhere theyremained continually submerged,including bridge piers. Depth of

loggersensuredthattheywere 3-5 centimetersbelowthepoint ofzero flow in the

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

For eachstream, I calculateddaily averagesand daily minima. For the Illinois standard, I

determinedthe hours within eachdaythat dissolvedoxygen concentrationwaslessthan5

mgfLand6rng/L.

For theproposedstandard(GarveyandWhiles 2004),a minimum dissolvedoxygen

concentration wasdefined asthe lowestallowable concentrationduring any givenday. A

7-daymeanwasderived by generatingdaily averagesand then determining a running
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averageacross7 days. Maximumwater concentrationsthatexceededair saturation were

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

calculatedby generatinga runningmeanofdailyminima across7 days.

Within the proposedstandard,seasonsreflecttimes whenmostearly life stagesof

warmwater fishes (i.e., eggs,embryos,andlarvae,typically 30-dpost spawning)are

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

We hypothesizedthatwarmwater speciesthatspawnlater during summer shouldhave

adaptationsfor naturallyoccurring reductions in dissolvedoxygenccncentrations

expectedto occur during warmmonths. Hence,in systemsin which dissolvedoxygen

concentrationsdeclinedduring summernearthe proposedminimum, we should still

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

frequently declinedbelowthe minima would likely showimpairment andbe 303-dlisted

by IL-EPA.

Results

As expected,dissolvedoxygenconcentrationsdeclinedin all streams during summer,

with eachsegmentviolating the current Illinois standardasinfrequently as 2% andas

frequently as 65%ofthe daysacrossthe two-yearperiod. Thesepatternswerenot clearly

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

segmentdeclinedbelow5 mg/L only 1% ofdays (Figure 1; Table 1). This streamonly

violated the ruleofdecliningbelow6 mgfLno more than 8-h eachdayonly2% ofdays

as well (Figure1; Table 1,2). With the proposedstandard, the violationsofthe spring

andsummercritical minimaand7-d meansdeclinedto nearzero (Table 1).

Middle Fork Vermilion River near Oakwood,IL. This full attainment streamsite belowa

riffle areahadtheconsistentlyhighestdissolvedoxygenconcentrationsofthe eight

segments(Figure 2). It still violatedthe illinois standardson greater than1% of days

(Table 1,2). With the proposedstandard, noviolations occurredduring either season

(Table 1).

Vermilion River near Danville, IL. Although unlisted,this streamsite violated the

Illinois standardon6% and7% ofdaysfor the 5 and6 mgfL rules, respectively(Figure3;

Table 1,2). Adoption ofthe proposedstandardreducedthe frequencyofviolations

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

the 7-d mean minimum of4 mgJLwhen thisrule wasviolated 9% ofthe time(Table 1).

This suggeststhat dissolvedoxygenconcentrationsin thisreachmay be chronically low

during summer,requiring somerestoration efforts.

Lusk Creek nearEddyville. IL. This heterogeneousstreamresidingin apredominantly S

forestedwatershed very frequently (22% and 32% ofdays)violated the currentstate

standard(Figure4; Table 1,2). Adoption ofthe proposedstandardgreatly reduced the
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frequency ofviolations during spring months; however, the 7-dmeanminimum of4

mgIL wasviolated 3% ofdays(Table 1). The critical minimumduring summerof3.5

mg/L wasviolated 1% ofdates(Table 1). However, the minimum dissolvedoxygen

concentration typically declinedby < 0.5 mgfL below this threshold (Figure 4).

Mazon River near Coal City, IL. This 303-dlisted streamfrequently experiencedvery

low dissolvedoxygenconcentrationsduring summer (Figure5), violating both the

illinois standardandthe proposedstandard(Table 1,2). The higher frequencyof

violations ofthe proposedsummer standards suggeststhatsummer eutrophication isa

problem in thisstream(Table 1).

RayseCreek nearWaltonville. IL. This impairedstreamviolated the Illinois standard

and the proposedstandardmost frequently (Figure 6; Table 1,2). The proposed7-d

meanminimum of4 mg/L was in factmore sensitivethan the Illinois standardto

violations in this system(Table 1). Spring dissolvedoxygenconcentrationswere

chronically below6 mg/L andoften declinedbelowthe proposedspring minimum of 5

mg/L (Table 1; Figure 6). Dissolvedoxygenconcentrationsoften declinedto chronically

low levels(<2 mg/i) during summerthrough fall (Figure 6).

Salt Creek near WesternSprings.IL. This 303-dlisted streamviolated the illinois

standardsof5 mg/L and6 mg/L on 9% and 16% ofdays,respectively(Table 1,2; Figure

7). Whenthe proposedstandardwasapplied, violations declinedsomewhat. The
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majority occurredduring the spring months whenthe 5 mg/L critical minimumwas

violated 6% ofdays (Table 1).

Illinois River near Valley City. IL. This largestofthe stream segmentsviolated the

current Illinois standardof5 mgfL on 11% ofdaysand6 mgfL on 21% ofdays(Table 1,

2; Figure 8). Violations declinedwith the proposedstandard,although violations

continuedto occurmostfrequently during the spring. The 7-d meanminimum of6 mg/L

wasviolated 16% ofdays(Table 1).

Temperature-DissolvedOxygenRelationshipsamong Streams. Lusk Creek, the

southernmoststream,waswarmest during winter months, typically remaining above

freezing(Figure9). During summermonths, considerableoverlap in monthly average

temperaturesoccurred, although Salt Creek and North Fork Vermilion River had lower

averagetemperatures. Mazon River, anothernorthern system,hadconsistentlywarmer

averagesthanits counterparts. Differencesin monthly averagesamongall streamswere

<4°Cduring summer (Figure 9), with the greatestdifferencesoccurring betweenRayse

(the warmest)and Salt (the coolest).

Temperature anddissolvedoxygenconcentrationwerenegativelyrelated in all streams

(Table 3). However, the strengthofthe relationshipvaried amongstreams,with

temperature only explaining33% ofthe variation in oxygen in the Mazon River and 84%

in the illinois River (Table 3). In Lusk Creek, an apparently soundsystemwith dissolved

oxygenconcentrationsthat approachedthe proposedcritical minimum of3.5 mgfL



11

during summer,low oxygenoccurredmost frequently during intermediate (25°C),rather

than high, summertemperatures (Table 4). This refutes the assumptionthat the greatest

oxygendeclinesoccur during the warmesttemperaturesin streams. Ratherperiods of

reducedflow coupledwith intermittently high production in the pooi ofLusk Creekwas

responsiblefor the observedpatterns.

Discussion

My goal wasto identify expectedseasonalanddiel oxygencurvesfor streamsin Illinois

by which wecansetrealistic standards. With thecurrent illinois standard, all streams

within the statewill likely produceviolations. The frequency ofviolationsofthe current

Illinois standard doesnot appear to be associatedwith streamimpairment. To illustrate, a

forested, functioningstream (i.e.,Lusk Creek) violated the current standardfar more

frequently than two of the listed streams(i.e.,North Fork Vermilion andSalt Creek).

Theproposedstandardsgreatlyreduced (although didnot eliminate) the probability ofa

violation in Lusk Creek, while not greatly reducing the violations in the clearly oxygen-

impaired RayseCreekandMazonRiver. In fact, the proposedstandard increasedthe

frequencyofviolations for RayseCreek, andprovided a seasonalcontext for interpreting

the violation. Land useandalteration ofthe watershed in addition to flow likely are

major factors influencing the oxygendynamics in thesestreams,andthe proposed

standardwould lend insightinto the degradation of the biota within them.



12

Implementation ofthe proposedoxygenstandardsandinterpretation ofthe oxygen

dynamicsresulting from monitoring dependgreatly onthe location ofthe probes. Garvey

andWhiles(2004)recommendplacing loggersin poolsat two-thirdsdepth to ensurethat

areaswith the greatestoxygenreductions are sampled. The loggersusedin this study

were typically at depths>50%ofthe watercolumn in areaswherethey couldbe

conveniently deployed(PaulTerrio, personalcommunication). Thus, the largely

microbial oxygendemandofstreambottomswaslikely integrated into oxygendynamics

in many ofthe deeperstreamsites.

Although the recommendationof logger depthwasgenerally upheld, longitudinal

location of loggersvaried among streams. For example,the leastviolationsofeither the

current or proposedoxygenstandardoccurred in the Middle Fork Vermilion River, which

is ahighlyvalued streamresource. However, the loggerat this sitewasplacedbelowa

riffle. High gaseousoxygenexchangewith the atmospheremay haveelevateddissolved

oxygenconcentrationsrelative to an areawith slower, lessturbulent upstreamflow.

Conversely,in small, intermittently flowing Lusk Creek, the loggerwasplacedin apool

with surface flow that becomesdisconnectedfrom the stream.In GarveyandWhiles

(2004),this is consideredthe bestlocation for quantifying oxygendynamicsbecauseit

provides a clearpicture ofthe “worst case”ofoxygendeclinesin a stream. Clearly, the

heterogeneousvertical andhorizontal distribution ofoxygenwithin streamsiteswill

render standardization challenging. Further, the dynamiceffectsoffactors suchasflow,

geomorphology,geology,groundwater, shading,sediment, land use,andtemperaturewill

make interpretation ofresulting oxygencurvesa daunting task.
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The Garvey andWhiles(2004)report did not developstandardsunique to cool andwarm

water assemblagesin the state. Although sometemperature differencesdid appear to

occur acrossthe latitudinalgradient in the state,they appearedto be mostpronounced

during winter whenoxygenstressisunimportant rather than during summer. During

summer, slightly warmer conditions occurredin southernstreams,particularly in small

Lusk Creek, which hasthe lowestaverageflow. However, giventhatthe lowestoxygen

concentrationsoccurred at intermediate summertemperatures, thelinkage between

oxygenstressandhigh temperature stressfor residentorganisms appearsto be relatively

unimportant.

Rather thanlinking temperatureandoxygen,understandingthe relationship betweenflow

andoxygenwill likely be more informative for predicting effectson residentorganisms.

As noted earlier andin Garvey and Whiles (2004),pooledareasofstreamsandrivers,

albeit naturalor artificial, shouldhavelower oxygenconcentrationsand shouldbe

targeted for monitoring. Thesesiteswill elicit the mostconservativeestimateofoxygen

dynamicsin astreamreach. Recentstudiesin the Fox River andDuPageRiver systems

supportthis, in which oxygenconcentrationsweretypically lower in the pooledportions

(SantucciandGephard2003; Hammer andLinke 2003). In pooledareas, specieswith

adaptationsto increasedsiltation, reducedflow, andincreasedopenwater areabundant

while flow-dwelling speciesarerare or absent. In artificially pooledreaches,altered

habitat rather thanreducedoxygenlikely is ultimately responsiblefor shifts in the

community. Aquatic life adaptedto thesemodified, lentic environments will persist
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whereasspeciesadaptedto flowing waterwill not be presentbecausethe appropriate

flow and substrate will be unavailable. Ofcourse,if oxygenconcentrationsin poolsdo

not meet theproposedstandardsfor aquatic life outlined in GarveyandWhiles(2004),

feworganisms will be able to persist,regardlessofhabitatadaptations.

Conclusions

I havesummarizedthe mostcomprehensive,long-term dissolvedoxygenandtemperature

data setavailable in the stateofIllinois andperhaps for streamsin general. It is clear that

the proposedstandardsbetter capture oxygenviolations in truly impaired streams (i.e.,

thosewith modified biota suchasRayseCreek) relative to fully functioning streamssuch

as Lusk Creekwith highqualityhabitat anda diverseaquatic biotic assemblage.If the

frequent violations ofthe illinois standard were biologicallymeaningful, then Lusk Creek

would havea greatlyreducedor modified assemblageand would be listed asimpaired.

This is not the caseandthe frequent declinesin dissolvedoxygenconcentration

approachingthe proposedsummerminimum within the poolsof thissystemduring

summer do not compromisespawningfishesor other organisms. As noted in G~rveyand

Whiles(2004),thosespeciesreproducing during summerclearly have adaptationsfor

natural fluctuations in oxygenthat occur during thistimeofyear. Although it may be

arguedthat the southern Lusk Creek is much warmer andthusmay havea warm-water

assemblageadaptedto naturally low oxygen,the apparentlyminor (<4°Caverage)

differencesin streamtemperaturesacrossthe statecoupledwith weakoxygen-



temperature relationships makesthis argument tenuous. More likely, modifications to

streamsthatalter both surfaceandbelow-ground flow andhabitat qualitywill greatly

affect the compositionof streamcommunities. Of course,stronglyimpaired, enriched

streamswhich frequently violate the proposedstandardwill havehigh incidencesof

oxygenstressandlossofaquaticlife.

15
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Table 1. Proportion frequencyofdaysin which thecurrent Illinois standardandthe proposedstandardswere violated in eachstream

reach during late summer2001 throughfall 2003. Running meanswere only generatedif sevencontiguousdays ofdata werepresent

in the data set. For the proposedstandard, spring isdefmedasMarch through June andother as July through February. Number of

daysis the number ofdaysby which either a critical minimum wasdeterminedor a meanwith sevenprecedingdateswasavailable.

Illinois Standard Minima Prooosed Minima Proøose d 7-d runnma averaqes
Spring Other

N <3.5 Spring Other mean <4 Spring Other
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 Danville 0.06 0.07 458 0 0.04 84 374 0 0.09 66 250
Lusk near Eddyville 0.22 0.32 653 0.01 0 204 449 0 0.03 182 429
*Mazon near Coal City 0.17 0.15 606 0.05 0.11 181 425 0.05 0.18 152 335*Rayse near Waltonville 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*Illinois River at Valley
City 0.11 0.21 638 0.03 0.02 240 398 0.16 0.03 159 334

*Denotes303-dlisted stream segment(2002cycle).
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Table 2. Frequencyof daysthat dissolvedoxygenconcentrationswaslower than5 and6mgfL at4-h incrementsin eight Illinois

streamsduring summer 2001 throughspring 2003.

Number of Days per Stream Reach
Total
Number of
Hours per NF MF Lusk Mazon Rayse Salt Illinois

Violation Day Vermilion Vermilion Vermilion Creek River Creek Creek River
<5mgIL 0 740 567 431 508 504 200 536 569

4 5 2 7 51 18 8 3 14
8 3 5 4 24 37 8 7 10

12 1 0 12 28 38 12 21 12
16 1 0 4 15 8 31 19 8
20 1 0 0 10 1 43 4 2
24 0 0 0 17 0 221 0 23

<6mgIL 0 721 553 402 415 454 175 471 465
4 8 4 14 12 27 7 15 17
8 7 7 12 17 32 2 10 24

12 4 8 12 34 58 5 24 18
16 4 2 11 49 32 9 41 17
20 5 0 5 29 1 16 20 7
24 2 0 2 97 2 309 9 90
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Table3. Linearregressionresultsoftemperature(°C)versusdissolvedoxygen

concentration(mg/L) quantifiedeachhalfhourin eightillinois streamsduringlate

summer2001throughfall 2003.

Stream N F A b r2

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 River at Valley City 29155 163067 -0.30 13.7 0.84
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Table4. Frequencyofhalf-hourintervalsin Lusk Creek,illinois in whichdissolved

oxygenconcentrationsdeclinedbelow5 or4 mgfL asafunctionoftemperature(°C)

duringlatesummer2001throughfall 2003. This streamwaschosenduetothewide

variationin temperaturesanddissolvedoxygenconcentrationsthatoccurred.

Temoerature <5 mg/L <4 mg/I
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: Daily averagetemperature(°C;solid line)anddaily minimum

(dottedline) dissolvedoxygenconcentrationasafunctionofdatein eight Illinois

streams.Solidhorizontalline is theillinois minimumstandardof5 mg(L. Bottompanel:

Sevendayaveragesofdailyaverage(solidline) anddailyminimum(dottedline)

dissolvedoxygenconcentrationsin eightillinois streams.Only datawhereseven

precedingdaysofdataareavailableareplotted.

Figure9. Monthly averagetemperaturesin sevenillinois streams.The illinois 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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Salt Creek near Western Springs
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Illinois River near Valley City
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