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TESTIMONY AUG 042005

David L. Thomas, PhD STATE OF IWN0IS
Chief, Illinois Natural History Survey POllutiOn Control Bo&tj

August 3, 2005

My nameis DavidL. Thomas,andlam Chiefof the Illinois Natural History Survey,a

Division of the Departmentof Natural Resources(Department). I receivedmy Mastersdegree in

Ecologyfrom theUniversityof Illinois in 1967,where!workedon the Percinadartersof theKaskaskia

River for my thesis. I completedmy PhDfrom Cornell in 1971 in EcologyandSystemmatics,andmy

thesiswason thedrums (Sciaenidae)ofthe upperDelawareBay and lower DelawareRiver. I also

taughtthe laboratoriesfor IchthyologyandAdvancedIchthyologywhi]e atCornell, andwascuratorof

theCornell fish collection.

This testimonyis presentedon behalfof the Illinois DNR andbasedon my experienceas a

trained ichthyologist,on my more than 35 yearsof evaluatingthe effectsof variousenvironmental

parameterson aquaticbiota, andmy first-handknowledgeandexperienceon Illinois fishes. I have

regularlymeasuredDO aspartofthephysical/chemicalparametersmeasuredduring field collections,

andhave experienceevaluatingthe effectsof this parameteron aquaticresourcesin Illinois. I interact

with our IchthyologistattheSurveyon a regularbasis,andhavemadenumerouscollectionswith him

over the last 5 years. I dealwith a variety of issueswith our fisheriesstaff, particularly regarding

invasivespecies.I havealsoconductedfield work with DNR fisheriesstaff, andassistedin theirbasin

surveys.

ThepresentDO standardrequiresthatatno time shallconcentrationsdeclinebelow 5mg/Land

for at least16 hourseachdaythey mustremainabove6 ma/L. The LAWA, basedon testimonyand

recommendationsofDrs.GarveyandWhiles,recommendedthefollowing changesto theDO standard:

A 1-dayminimum* of 5.0mg/L spring throughsummer(ie.. March 1 throughJune30)

A 7-day mean** of 6.0 mg/Lspring throughearlysummer(i.e. March 1 throughJune30)

A 1-dayminimumof3.5 mg/L theremainderoftheyear(i.e.,July 1 throughFebruary28 or29)

A 7-daymeanminimum*** of4.0mg/Ltheremainderofthe year(i.e.,July 1 throughFebruary

28 or 29)

* I-day minimumis the lowestmeasuredvalueofDOduring a 24-hour calendarday

** 7-day meanDO is the averageof the daily meanDO valuesfrom the current andprevious6

calendardays.



~** 7-cla~’meannzhiimunzis the arithmeticaverageoft/ic dat/v fninh?nlLni DOvaluesfrom the current

cindprevious6 calendardays.

The DNR believesthatwhile we shouldrecognizethatsomerivers andstreamscouldmaintain

presentaquaticpopulationsundera revisedstandardlike that proposedby the IAWA, therearemany

streamsandrivers in Illinois that would not be ableto maintainpresentaquaticpopulations. If one

statewidestandardis going tobe put into place.it needsto be high enoughto protectsensitivespecies.

The IAWA proposaldoesnot accomplishthis level of protection. We believethe presentstandard

shouldbe maintaineduntil it can be demonstratedthat thebiota in particularwaterbodieswill not be

negativelyaffectedby a lower standard.

Since thesecondhearingon this matter,conductedon August 12, 2004,the Departmenthas

beenactivelyparticipatingin statusconferencecalls andstakeholdermeetingsaddressingthe merits

of the rulemakingproposal. Though the stakeholdersmeetingsdid not result in an agreedupon

regulatoryproposal,it helpedthe DNR understandthe stateof knowledgein Illinois as it relatesto

dissolvedoxygen andaquaticlife needs.

The DO standardin Illinois needsto accountfor the naturalDO levels in the waterbody in

questionand the presenceor absenceof DO sensitivespecies. Initially, the oppositeapproach was

attempted,that is, to designatestreamsthat neededgreaterprotectionthan proposedby the IAWA,

however,our level of knowledgeof all streamsand the speciesthat they contain is not sufficiently

developedto comeup with a completelist. Without a completelist of streamsneedingto maintainat

leastthepresentstandard,implementationofa lower standardcouldproveto bedetrimentalto sensitive

aquaticspecies.Justificationfor needinggreaterprotection(than thoseproposedby the IAWA) of

someof our aquaticresourcesarepresentedbelow.

There are a significant numberof rivers andstreamsin Illinois that contain fish species

consideredto beoxygensensitive(seeTable 1). This list represents25 fish speciesthat aresensitive

to low DObasedon life history anddistributiondatafor Illinois (Smith,1979)andWisconsin(Becker,

1983). Thesespecieswereconsideredgood indicatorsfor watersthat containDO sensitiveaquatic

biota. Otherspeciescould be addedto thislist as indicatedbelow.

A list of 30 “DO” tributariesand 10 “DO” major rivers is containedin Table2. Thesewere

selectedbasedon the presenceof at least 5 DO sensitive indicator fish speciesfor major river

mainstems,and4 DO sensitiveindicator speciesfor tributary streams,andrepresentsthe kinds of

streamsthatwould needgreaterprotectionthanthe proposalfrom IAWA. All streamsareperennial

accordingto 7Q10flow mapsfrom the Illinois StateWaterSurvey. Rankinrecently(2004)provided

datafor Ohio that showedthatExceptionalWarmwaterHabitatstreams(describedbelow)maintained

fairly highDO levelsandcouldhave10 ormoresensitivespecies.Thosestreamswith meanDOvalues



between6-7 mg/I rarelyhadmorethan5 intolerantspecies.

TheOhio EPA(1996)madeagoodrationalefor whysomewarmwaterstreamsneededagreater

levelof protection,andhigherDOstandards,thanother~varmwaterstreams.Thisdocumentdeveloped

arationalefor designationof DOcriteriaforExceptional\VarmwaterHabitat(EWH),andtheirstandard

for thesestreamswas a 6.0mg/I daily averageandaSmg/I minimum.EWH designationwas reserved

for waterswhich support ‘unusual and exceptional”assemblagesof aquatic organismswhich are

characterizedby a high diversity of species,particularlythosewhich arehighly intolerantand/orrare,

threatened,endangered,orspecialstatus(i.e., decliningspecies).Thesewaterswerecharacterizedby

Index of Biotic Integrity (WI) valuesabove46. In a summaryof individual Ohio streamsand rivers

(page17),theystatethe following: “Theresultsofthecomparisonof continuouslymeasuredD.O. and

E’Wl-I attainmentin six steamsandrivers of varyingsizesshowsthatthe lattercan hecompatiblewith

minimum D.O. values lessthan6 mg/I. However, values lessthat S mg/I wereeither infrequent,did

not frequentlycorrelatewith full EWH useattainment,or weremeasuredonly underextremelow flow

conditions. Thus, the analysiswould appearto supporta minimum EWU D.O. standardlessthat 6

mg/I, but not lessthan S mg/I.”

Illinois hasmanystreamsthatmeettheOhio standardfor ExceptionalWarmwaterHabitat,and

we list 40 oftheseas“DO sensitivestreams”basedon thepresenceofDO sensitivespecies.Eighteen

ofthestreamsselectedhadIBI scoreswith an averageweightedscoreof 50. Only two of thesestreams

hadan IBI under46 (onewith a valueof40 andonewith a valueof43). Therewere29 otherstreams

on the largerlist providedthat had IBI valuesof over46, and on closerexaminationthesetoo might

be consideredfor greaterprotection.

Thereare other fishesfoundin Illinois, otherthan thoselisted in Table 1, that are found in

“higher” DO waters. Rankin(2004)produceda table of variOusfishesand theweightedmeanDO

valuesat which they werecaptured. I went throughthe list andnotedall fish speciesthat I was sure

alsooccurredin Illinois that were foundat DO levelsareaterthanSmallmouthbass(which wasfound

ata weightedmeanDO of 6.61 mg/I). This list is includedasTable 3, andincludesfourspecies(Black

Redhorse,BlacknoseDace,NorthernHogSuckerandRosyfaceShiner)listedasDO sensitivein Table

1. Oneof thespecieson this list, the Slenderheaddarter, wasa speciesthat I hadworkedon for my

master’sthesesat Universityof Illinois. I foundin testsI conductedthat this specieshada higherrate

ofrespiration,andwasfoundin higheroxygen waters,thantheBlacksideddarter,anotherspeciesthat

I studied. In Ohio theweightedmeanDO valuefor all collectionsofSlenderheaddarterwas6.7 mg/I,

whereasit was5.6 mg/I for Blacksideddarter.

TheDepartmenthasgivenstrongconsiderationtotheOhio datafor this testimonybecausethey

areon thesamelatitude asmuch ofIllinois, andhavemanyof thesameOhioRiver drainagefishesas

arefoundin Illinois. Ohio EPA hasdevelopedoneofthebetterdatabasesthat wehavefoundon field



measurementsof DO with individual fish collections. The Ohio data corroboratesour field

observationsin Illinois, and fish that are DO sensitivein Ohio, will be DO sensitivein illinois and

acrosstheir range.

TheIAWA recommendedanenddatefor thesensitiveseason(spawningandearlydevelopment

of fish) of June30 statewide.This date will not beprotectiveof manyspeciesthatspawnup through

lateJune,or are summerspawners.Table4 is a summaryof Illinois fishesthatspawnprimarily in the

summer. This list doesnot includelate springspawnerssuch as Smallmouthbasswhich mayspawn

into lateJune. It alsodoesnot includethe Channelcatfish,althoughSimonandWallus (2003)stated

thatyolk-saclarvaeandearlyjuvenileswerecollectedmid-May throughAugustwith peaksin Juneand

July in the Tennesseeandlower Ohio rivers. Six of the “summer” spawnersin Table4 are alsolisted

in Table3 asbeingfound in Ohio in higheroxygenwaters- Emeraldshiner,Ironcolorshiner.Bigmouth

shiner, Weedshiner,River redhorse,andStonecat.One of thesespecies,the Bigmouth shiner,was

studiedby a student(Clinton Kowalik) atUniversityof Illinois thatI helpedadvise.He foundthatpeak

gonaddevelopmentoccurredon June26andsmall young(under20mm)werecollectedin July.

Ohio EPA (1996) statedthat while Smg/l (their recommendedminimum for Exceptional

WarmwaterHabitat) is morestringentthanthatproposedby U.S. EPA(1986) for adultsandjuveniles,

it is necessaryto protectyoungerlife stages.They go on to statethat “the EW’H DO. criterion that we

proposeliesbetweenthe U.S.EPArecommendedwanriwaterandcoldwaterlevels(non-embryoniclife

stagesonly) of protectionwhich also seemsreasonablegiven that someof the sensitivewarmwater

speciesthatcomprisethe assemblagesrepresentativeof EWH may well approachthe sensitivity of

salmonids”. With the information provided, it is evident the standard,as proposed.will not he

protectivefor all the watersof the state.

The Ohio EPA documentaddressesan issuethat wehavestruggledwith in Illinois. andthat is

thatthereis agroupof fishesthatfall in DOsensitivitybetweencold-waterandthemoretypical warm-

waterfauna. The Ohio ExceptionalWarmwaterHabitatcategoryrecognizesthat anumberof species

foundin their biologically diversewarmwaterstreamsrequirevery goodwaterquality including well

oxygenatedwaters,We recognizethatIllinois alsohaswatersthatcouldbeconsideredasneedingextra

protectionbecausetheycontaindiversefish populations.threatenedandendangeredspecies.andmany

DO sensitivespecies. If one statewidestandardis going to be put in place,then it needsto he high

enoughto protectthesesensitivespecies.The IAWA proposaldoesnot accomplishthat andshould

not be adopted.

TheOhioEPA documentcitesFWPCA(1968)asstatingthat“In somecases,goodpopulations

of warmwaterfish, includinggameandpanfishes,occur in watersin whichdissolvedoxygenmaybe

as low as 4 mg/I for short periods...(and)...Fiveand 4 mg/I are closeto the borderline of oxygen

concentrationsthatare tolerablefor extendedperiods. For a good populationof gameandpanfishes



the concentrationshouldbe considerablymorethan this.”

In light of the above statementsit seemsparticularly important that we provide greater

protectionfor warm water streamsthat have high biotic integrity, good gameand pan fishes, and

oxygensensitivefishes.

Thefocus of this testimonyhasbeenon fishes,but thereareanumberof musselsand other

invertebratesthatarealsosensitiveto low DO (seeRankin2004). In addition,we havea numberof

statethreatenedandendangeredspeciesin Illinois, and for many we know little about their oxygen

requirements.All of the aboveindicatesthatwe shouldmaintainourpresentstandard,unlesswecan

showfor particularwaterbodiesthat alower standardwill not negativelyaffectaquaticspeciesin that

system.
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Table 1: Species of fish found in Illinois that require higher dissolved oxygen levels

Common Name
Americanbrook lamprey
Banded sculpin
Bigeye chub
Bigeye shiner
Blackredhorse
Blacknosedace
Brook stickleback
Fourhornsculpin
lroncolor shiner
Least brook lamprey
Longnose dace
Mottledsculpin
Ninespinestickleback
Northernbrook lamprey
Northernhog sucker
Northernpike
Ozarkminnow
River redhorse
Rock bass
Rosyfaceshiner
Slimy sculpin
Southernredbelly dace
Spoonheadseulpin
Threespinestickleback
Weed shiner



Table 2 - TESTIMONY OF DAVID L. THOMAS, AUGUST 2005

lB-BASIN CATCHMENT NAME OR MAINSTEM

PROPOSED
DO

WATERS

DO
MAJOR
RIVER

NUMBER OF
HIGH DO HIGH DO

FISH FISH
DO INDICATOR INDICATOR

TRIBUTARY SPECIES SPECIES IBI

ABASH RIVER MS WABASH RIVER MS X X X 6 53
~RMILION(SOUTH) RVR LITTLE VERMILION (SOUTH) RIVER X X x 6 54
ERMILION (SOUTH) RVR VERMILION (SOUTH) RIVER MS X
ERMILION (SOUTH) RVR SALT FORK X
ERMILION (SOUTH) RVR MIDDLE FORK X
\CKINAW RIVER MACKINAW RIVER MS X
\CKINAW RIVER LITTLE MACKINAW RIVER X
3 BUREAU CREEK BIG BUREAU CREEK . X
ERMILION (NORTH) RVR VERMILION (NORTH) RIVER MS X

X x 5 45
x 5 51
X X 4 5~

X X 7 55
X x 6

X x 6 50
x X 5 48

)X RIVER FOX RIVER Ms X X X 7 40
)X RIVER INDIAN CREEK X X X 4
)X RIVER BIG ROCK CREEK X X X 4
)X RIVER NIPPERSINK CREEK X X X 4
\NGAMON RIVER KICKAPOO CREEK X X X 4
XNKAKEE RIVER KANKAKEE RIVER MS X X X 10 so
\NKAKEE RIVER FORKED CREEK X X X 4 45
\NKAKEE RIVER HORSE CREEK X X X 4 5Q
\NKAKEE RIVER ROCK CREEK X X X 4 5~
OOUOIS RIVER IROOUOIS RIVER MS X X X 5
OQUOIS RIVER BEAVER CREEK X X X 4
OOUOIS RIVER SUGAR CREEK X X X 5
~PLERIVER APPLE RIVER MS X X X 5
‘PLE RIVER FURNACE CREEK X X X 6
~PLERIVER SOUTH FORK X X X 6
3PLE RIVER CLEAR CREEK X ~______ X X 5
JCK RIVER GREEN RIVER X X X 5
JCK RIVER FRANKLIN CREEK X X X 6
JCK RIVER LEAF RIVER X X X 5 50
OCK RIVER KYTE RIVER X X X 4 43
OCK RIVER STILLMAN CREEK X X X 6
OCK RIVER KISHWAUKEE RIVER X X X 7 56
OCK RIVER KILLBUCK CREEK X X X 7
OCK RIVER PISCASAW CREEK X X X 5 51
OCK RIVER COON CREEK X X X 5
OCK RIVER RUSH CREEK X X X 5 56
OCK RIVER SOUTH BRANCH-EAST KISHWAUKEI X X X 6
OCK RIVER NORTH BRANCH-KISHWAUKEE RVR X X X 4
OCK RIVER PINE CREEK X X X 4
OCK RIVER SUGAR RIVER X X X 4 51
OCK RIVER ROCK RIVER MS X - X X 5

TOTALS BY
CATEGORY = 40 10 30



Table 3: The weighted mean DO for various fishes collected in Ohio streams. Fish listed are
ones that occur in Illinois, and were found at DO levels equivalent to or higher than for
Smallmouth Bass*

Weighted DO Means (MglI) for Ohio Streams
Smallmouth Bass 6.61
Central Stoneroller 6.62
Black Crappie 6.63
Golden Redhorse 6.70
Slenderhead Darter 6.71
Silver Redhorse 6.72
Silverjaw Minnow 6.81
Hornyhead Chub 6.52
Emerald Shiner 6.83
Black Redhorse 6.93
Shorthead Redhorse 6.96
Blacknose Dace 6.96
Northern Hog Sucker 7.02
Rosyface Shiner 7.18
Bigmouth Shiner 7.22
Stonecat Madtom 7.41
River Chub 749

*Rankin E,T. 2004. [Draft] Notes on Associations between Dissolved Oxygen and Fish and

Macroinvertebrate Assemblages in Wadeable Ohio Streams.



Table 4. Summaryof the fishesof Illinois thoughtto spawnthroughsummer(basedin
parton Smith 1979. The Fishesof Illinois)

Table 1. List of summertime(June—August) fish spawnersin Illinois.
Scaphirhynchusalbus LyEhrurusfurneus

Pallidshiner Ribbonshiner
Dorosornacepedianurn
Gizzardshad

Lythrurusurnbratilis
Redfinshiner

Notetnigonuscrysoleucas
Goldenshiner
Macrhvbopsishyostoma
Shoalchub

Pirnephalesnotatus
Bluntnoseminnow
Pirnephalesprornelas
Fatheadminnow

Platygobiogracilis
Flatheadchub

Pimephalesvigilax
Bullheadminnow

Phenacobiusrnirabills
Suckermouthminnow

Carpiodescarpio
Rivercarpsucker

Notropisatherinoides
Emeraldshiner

Carpiodesve4fer
Highfin carpsucker

Notropisblennius
River shiner

Moxostornacarinaturn
River redhorse
Noturusfiavus
Stonecat
Fundulusolivaceus
Spottedtopminnow
GambusiaaffInis
Westernmo~qtuitofis~~

Notropisboops
Bigeyeshiner
Notropisbuchanani
Ghostshiner
Notropis chalybaeus
Ironcolorshiner

Labidesthessicculus
Brook silverside

Notropis dorsalis
Bigmouth shiner
Notropis heterodon
Blackchinshiner

Menidia beryllina
Inland silverside

Notropisshwnardi
Silverbandshiner

Leporniscyanellus
Greensunfish
Lepornisgibbosus
Pumpkinseed

Notropisstrarnineus
Sandshiner

Lepornisgulosus
Warmouth

Notropis texanus
Weedshiner
Opsopoeodusemiliae
Pugnoseminnow

Lepornishurnilis
Orangespottedsunfish

Cyprinella lutrensis
Redshiner

Lepornisrniniat:.is
Redspottedsunfish

Cyprinella spiloptera
Spotfin shiner

Arnmocryptaclara
Westernsanddarter

Cyprinella whipplei
Steelcolorshiner
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adequatefood supPly. it seemsreasonableto as-
sunie that a requirementfor fisfl would serve also
for the rest of the conarnunity.The fish themsel’’es
oar be sroupedinto threecategoriesaccording
t:neir temperature ar.d oxygen requirements:
0) the cold-waterfish (e.g.. salmon and trout:’.
(2) the warm~watergameandpan fish (e.g..bass
and sunfish). and (3) the warm-water “coarse”
flsh (e.g.. carp and buffalo). The cold-water fish.
seemto requirehigher oxygenconcentrationsthan
the warm-watervarieties.The reasonis notknowr,,
but it may be related to the fact that, for half
saturation,trout hemoglobin requires an oxygen
partial pressurethrceor four times that required
by carp hemoglobinundersimilar circumstances.
Warm-watergameand pan fish seem to require a
higherconcentrationthan the “coarse” fish, prob-
ably because the former are more active and
predatory.

Relatively little of the researchon the oxygen
requirementsof fish in any of thesethreecategories
is applicableto the problemof establishingoxygen
criteria becausethe endpointshave usually been
too crude. It is uselessin the presentcontext tc
know how long an animal can resist deathby as-
phyxiation atlow’ dissolvedoxygenconcentrations;
we must know instead the oxygen concentration
that will permit an aquaticpopulationto thrive. We
needdata on the oxygen requirementsfor eggde-
velopment, for newly hatched larvae, for normaj
growth and activity, and for completing all stages
of the reproductivecycle. It is only recently that
experimental -work has been undertakenon the
effects of oxygen concentration on these more
subtle endpoints.As yet, only a few specieshave
beenstudied.

One of the first signsthat a fish is being affected
by a reductionof dissolvedoxygen (DO) concen-
tration is an increasein the rate at which it r’er.ti-
lates its gills. a process.accomplishedin part by an
increasein the frequencyof the opercularmove-
men The half dozen or so species (chiefly
warm-water game and pan flsh) that have beer
t-eportedso far snot’: o significant increase1: fre-
quency as the DO concentrationis reducedfrom
6 to 5 mg/i (at about F, and a greaterincrease



from 5 to 4 mg/i. If the opereularrate is takenas
the criterion by which the adequacyof an oxygen
concentrationis to he judged, then such evidence
as we have indicates 6 mu/I as the requireddis-
solved oxygen concentration.Severalfield studius
have shown, however, that good and diversified
fish populationscan occur in waters in which the
dissolvedoxygen concentrationis bettveen6 and
S mg/I in thesummer,suggestingthat a minimum
of 6 mg/I is probably more stringent than neces-
sary for warm-water fishes. Becausethe oxygen
contentof a body of water doesnot remaincon-
stant, it follows that if the dissolved oxygen is
never less than 5 mg/I it must be higher part of
the time. In some cases, good populations of
warm-water fish, including game and pan fishes,
occur in waters in which the dissolvedoxygenmay
be as low as 4 mg/I for short periods.Threemg/I
is much too low, however, if normal growth and
activity are to be maintained.It hasbeenreported
that the growth of youngfish is slowedmarkedlyif
the oxygen concentrationfalls to 3 mg~lfor part
of the day, even if it rises as high as S mg 1 at
other times, It is for such reasonsas this that oxy-
gen criteria cannotbe basedon averages.Five and
4 mg/I are closeto the borderline of oxygen con-
centrationsthat are tolerablefor extendedperiods.
For a good population of game and pan fishes,
the concentrationshould be considerably more
thanthis.

The requirementsof the different stagesin thc
life cyclesof aquaticorganismsmust he takeninto
account. An oxygen concentrationthat can he
toleratedby an adult animal, with fully developed
respiratory apparatus,less intense metabolic re-
quirements,and the ability to move away from
adverseconditions,couldeasily betoo lo’v for eggs
and larval stages.The eggs are especiallyvulner-
able to oxygen lack becausethey have to depend
upon oxygendiffusing into them at a ratesufficient
to maintain the developing embryos. Hatching,
too, is a critical time; recentlyhatchedyoungneed
relatively more oxygen than adults, but until they
become able to swim for themselves(unless they
are in flowing water) they mustdependupon the
oxygen supply in the limited zone around them.
These problems are not as great among species
that tend their eggs andyoung, suspendtheir eggs
from plants, or havepelagiceggs,as they are for
salmonids.Salmonidsbury their eggs in the gravel
of the streamawayfrom themain flow of thewater
thereby requiring a relatively high oxygenconcen-
tration in thewater that doesreachthem.

Recommendation: In view of the aboveconsiderations
and with the nroviso that future researchmay make
revision necessary,the following environmental con-

ditions are considered essential for maintaining fl

tive populationsof fish and otheraquatic life,
(I) For a diversified warm’water biota, includir

came fish, daily DO concentrationshould be abo’
S mg/i, assumingthat there are normal seasonalar
daily variations above this concentration. Under
trenie conditions, however,and with the samestipul.
lion for seasonaland daily fluctuations, the DO mE
rangebetween5 mg/I and 4 mg/I for short periods
linac, provided that the water quality is favorable
alt other respects.In stratified eutrophic and dystroph
lakes, the DO requirementsmay not apply to ti
h~polininion.In shallow unstratifiedlakes, they shou
apply to the entirecirculating watermass.

These requirementsshould apply to all waters
cept administrativelyestablishedmixing a.ones.In lake
such mixing zonesmust be restrictedso as to limit tl
effect on the biota. In streams,there mustbe no bloc]
to migration and there must be adequate and sa
passagewaysfor naigratingforms. These zonesof pa
sage must be extensive enough so that the majority
plankton and other drifting organismsare protecti
see sectionon zonesof passage).

(2) For the cold water biota, it is desirablethat D
concentrationsbe at or near saturation. This is esp
cially important in spawningareas where DO leve
must not be below 7 mg/I at any time, For goodgrow
and the general well-being of trout, salmon, and oth
speciesof the hiota, DO concentrationsshould not
below 6 mg/I. Under extreme conditions they ml
rangebetween6 andS mg/I for short periodsprovidt
that the water quality is favorable and normal dai
and seasonalfluctuations occur. In large streamsth
have some stratification or that serveprincipally as if

gratory routes,DO levels may beas low as S mg/I
periods up to 6 hours, but should never be below
ing/lat any tnae or place.

13) DO levels in the hypolim::,on of oligotropt’
small inland lakes and in large lakes should not I
loweredbelow 6 mg/I at any time due to the additit
of oxygen-demandingwastesor othermaterials.

Carbon dioxide
An excessof “free” carbondioxide (as disti

guishedfrom that presentas carbonateandbica
bonate) may have adverseeffects on aquatic ar
mals.Theseeffectsrangefrom avoidancereactio:
and changesin respiratorymovementsat low co
centrations, through interference with gas e
change at higher concentrations,to narcosis ai
deathif the concentrationis increasedfurther. TI
respiratory effects seem’ the most likely to be
concernin the presentconnection,

Since the carbon dioxide resulting from met
holic processesleavesthe organismsby diffusio
an increase in external CO2 concentrationw
make it more difficult for it to diffuse out of tl
organism.Thus, it begins to accumulateinternall
The consequencesof this internal accumulatb
are bestknownfor fish, but presumablytheprint
pIes are the samefor otherorganisms.As the C(
accumulates,it depressesthe blood pH, and U
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NOTICE TO USERS

Ohio EPA incorporatedbiological criteria into the Ohio WaterQuality Standards(WQS; Ohio
AdministrativeCode 3745-1)regulationsinFebruary1990 (effectiveMay 1990). Thesecriteria
consistofnumericvaluesforthe Index ofBiotic Integrity (IBJ) andModified IndexofWell-Being
(MIwb), bothofwhich are basedon fish assemblagedata,and theInvertebrateCommunityIndex
(id), which is basedon macroinvertebrateassemblagedata. Criteria for eachindex arespecified
for eachof Ohio’s five ecoregions(as describedby Omernik 1987),andarefurtherorganizedby
organismgroup,index, site type, andaquaticlife usedesignation. Thesecriteria,along with the
existing chemicalandwholeeffluent toxicity evaluationmethodsandcriteria, figure prominently
in the monitoring and assessmentofOhio’s surfacewaterresources.

The following Ohio EPA documentssupport the use of biological criteria by outlining the
rationalefor using biological information,themethodsby which thebiocriteriawerederivedand
calculated,the field methodsby which sampling must be conducted, and the processfor
evaluatingresults:

Ohio EnvironmentalProtectionAgency. 1987a. Biological criteria for theprotectionof aquatic
life: Volume!. The role ofbiological datain waterquality assessment.Division ofWater
Qual. Monit. & Assess.~SurfaceWaterSection,Columbus,Ohio.

Ohio Environm~nta1ProtectionAgency. 1987b. Biological criteriafor theprotectionofaquatic
life: Volume II. Usersmanual for biological field assessmentof Ohio surfacewaters.
Division of WaterQual. Monit. & Assess.,SurfaceWaterSection, Columbus, Ohio.

Ohio Environmental Protection Agency. 1989b. Addendum to Biological criteria for the
protectionof aquatic life: Volume II. Usersmanual for biological field assessmentof
Ohio surfacewaters. Division of WaterQua!. Plan. & Assess.,Ecological Assessment
Section,Columbus,Ohio.

Ohio EnvironmentalProtectionAgency. 1989c. Biological criteriafor theprotectionof aquatic
life: Volume III. Standardizedbiological field samplingand laboratory methodsfor
assessingfish and macroinvertebratecommunities. Division of Water Quality Plan. &
Assess.,Ecot. Assess.Sect.,Columbus,Ohio.

Ohio EnvironmentalProtectionAgency. 1990. The useof biological criteria in the Ohio EPA
surfacewater monitoring and assessmentprogram. Division of Water Qua!. Plan. &
Assess.,Ecol. Assess.Sect.,Columbus,Ohio.

Rankin, E.T. 1989. The qualitative habitat evaluationindex (QHEI): rationale,methods,and
application. Division of Water Qual. Plan. & Assess.,Ecol. Assess.Sect., Columbus,
Ohio.

III
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Sincethepublicationof the precedingguidancedocumentsnew publicationsby Ohio EPA have
becomeavailable. The following publicationsshould also be consultedas they representthe
latest informationand analysesused by Ohio EPA to implementthe biologicalcriteria.

Deshon,J.D. 1995. Developmentand application of the invertebrate community index (Id),
pp. 217-243. in W.S. Davis and T. Simon (eds.). Biological Assessmentand Criteria:
Toolsfor Risk-basedPlanning andDecisionMaking. Lewis Publishers, BocaRaton, FL.

Rankin, E. T. 1995. The use of habitat assessmentsin water resource managementprograms,
pp. 181-208. in W. Davis and T. Simon (eds.). Biological Assessmentand Criteria:
Tools for Water ResourcePlanning and DecisionMaking. Lewis Publishers, Boca Raton,
FL.

Yoder, C.O. and E.T. Rankin. 1995. BioLogical criteria program development and
implementation in Ohio, pp. 109-144. in W. Davis and T. Simon (eds.). Biological
Assessmentand Criteria: Tools for Water Resource Planning and Decision Making.
Lewis Publishers, Boca Raton, FL.

Yoder, CD. and E.T. Rankin. 1995. Biological responsesignaturesand the areaof degradation
value: new tools for interpreting multimetric data, pp. 263-286. in W. Davis and T.
Simon (eds.). Biological Assessmentand Criteria: Tools for Water ResourcePlanning
and Decision Making. Lewis Publishers, Boca Raton, FL.

Yoder, CO. 1995. Policy issuesand managementapplications for biological criteria, pp. 327-
344. in W. Davis and T. Simon (eds.). Biological Assessmentand Criteria: Tools for
Water ResourcePlanning and DecisionMaking. Lewis Publishers, BocaRaton, FL.

Yoder, CO. and E.T. Rankin. 1995. The role of biological criteria in water quality monitoring,
assessment,and regulation. Environmental Regulation in Ohio: How to Cope With the
Regulatory Jungle. Inst. of BusinessLaw, Santa Monica, CA. 54 pp.

Thesedocumentsand this report can be obtainedby writing to:

Ohio EPA, Division of Surface Water
Monitoring and AssessmentSection

1685 WestbeltDrive
Columbus, Ohio 43228-3809

(614)728-3377

iv
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Severalof the major water quality criteria compendia (e.g.. U.S. EPA 1986)werealsoexamined
during the course of this study. The information contained in this literature strongly suggests

that the proposed revision to the EWH D.O. criterion is both protective and appropriate. Based

on the information presentedby U.S. EPA (1986) there is alsojustification for bringing the Cold

Water Habitat (CWH) DO. criterion (presently 6 mg/I minimum only) into line with the two-

number average/minimum hierarchy of the Ohio WQS. In practical terms the proposed two-

number criteria for EWH and CWH areconsistentwith the hierarchy of D.O. criteria betweenthe

WWH, MWH, and LRW use designations. The adoption of a 6 mg/i daily average, 5 mg/i

minimum two-number D.O. criterion for EWU and a 7 mg/I daily average, 6 mg/I minimum two-

number D.O. criterion for CWH is supported by the scientific evidence (both field and

laboratory) examinedby this study.

vi
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Summaryand Conclusions

The principal objective of this study is to presenta rationalefor revising the existing 6 mg/I

minimum dissolvedoxygen(DO.) criterion for the ExceptionalWarmwaterHabitat (EWH) use

designation. The needfor arevisedEWH D.O. criterion hasbeenrecognizedby Ohio EPA for

more thana decade. DO. criteria havetraditionallybeenexpressedas a period average(usually

daily) along with a minimum below which D.O. valuesshould not fall. The need for both is

evident in the literatureon the effectsof D.O. on aquatic life. Such a two-numbercriterion is

exemplifiedby the current WamiwaterHabitat (WWH), Modified WarmwaterHabitat (MWI-I),

and Limited ResourceWater (LRW) DO. criteria, an approach which is recognized as

appropriateby U.S. EPA (1986). Unlike thesecriteria, the existingEWH andCoidwaterHabitat

(CWH) DO. criteriawere adoptedin 1978 as minimumonly values. Onereasoncited by Ohio

EPA for needinga two-numberD.O. criterion, the daily averagevalue in particular,wasa more

meaningful target for steady-stateD.O. modelingefforts. The very natureof D.O. regimesin

warmwaterrivers and streamsalso substantiatesthe needfor a two-numbercriterion. DO.

concentrationsaresubjectto natural,did changeswhichare influencedby the daily cyclesof algal

photosynthesisandrespiration.The magnitudeof changebetweenthe minimumand maximum

D.O. during any 24-hour period is dependenton several factors including flow, ambient

temperature,solar insolation, and the abundanceand activity of photosyntheticalgae andlor

higheraquaticplants. In the warmwaterrivers andstreamsof Ohio and the midwestU.S. a did

swing of as much as3-5 mg/I may be considered“typicaL” duringnormalsummerlow flow and

ambienttemperatureconditions.Thus,therelationshipof the dynamicD.O. regimeto an average

valueovera24-hourperiod is as importantas the minimum.

The need for a revisedEWH DO. criterion is also indicated by the frequent andwidespread

observationof hill attainmentof the EWH biological criteria where D.O. values less than the

current6.0mgIl (minimum)criterion havebeenmeasured.Theresultsof comparingcontinuously

measuredD.O. dataandEWH useattainmentin six streamsandrivers of varying sizeshowsthat

the latter is compatiblewith D.O. valueslessthan6 mg/I. However,valueslessthan5 mgIl were

either infrequent,did not correlatewith full EWH useattainment,or weremeasuredonly under

extremelow flow conditions. The resultsof this analysistendsto supporta minimum EWH

DO. criterion of lessthan6 mg/I, but not lessthan5 mg/I.

V
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Justification and Rationale for Revisionsto the DissolvedOxygen

Criteria in the Ohio Water Quality Standards
Chris0. Yoder

Ohio EPA, Division of SurfaceWater
Monitoring & AssessmentSection

1685WestbeltDrive
Columbus,Ohio 43228

Introduction

The Ohio Water Quality Standards(WQS; Ohio Administrative Code 3745-1) consist of
designatedusesandchemical,physical,andbiological criteria designedto representmeasurable
properties of the environment that are consistent with the goals specified by each use
designation.Use designationsconsistof two broadgroups,aquaticlife andnon-aquaticlife uses.
In applicationsof the Ohio WQSto the managementof waterresourceissuesin Ohio’s rivers and
streams, the aquatic life use criteria frequently result in the most stringent protection and
restoration requirements. The five major aquatic life uses which have broad application
throughoutOhio arecurrentlydefinedin the Ohio WQS. A briefdescriptionof eachfollows:

1) Wannwater Habitat (WWH) - this use designation defines the “typical” warmwater
assemblageof aquatic organismsfor Ohio rivers and streamsand representsthe principal
restorationtargetfor waterresourcemanagementefforts.

2) Exceptional Wannwaterhabitat (EWH) - this use designationis reservedfor waterswhich
support“unusualandexceptional”assemblagesof aquaticorganismswhich arecharacterized
by a high diversity of species,particularly thosewhich are highly intolerant and/or nrc,
threatened,endangered,or special status (i.e., declining species);this designationusually
representsaprotectiontargetfor waterresourcemanagementefforts.

3) CoidwaterHabitat (C WI!) - this use is intendedfor waters which supportassemblagesof
cold water organismsand/or those which are stocked with salmonidswith the intent of
providing a put-and-takefishery on a yearround basiswhich is further sanctionedby the
Ohio DNR, Division of Wildlife; thisuseshouldnot beconfusedwith the SeasonalSalmonid
Habitat (SSI-I) usewhich appliesto the Lake Erie tributarieswhich supportperiodic “runs”
of salmonidsduring the spring,summer,and/orfall.

4) Mod(/Ied WarmwaterHabitat (MW!!) - this use appliesto streamsand rivers which have
beensubjectedto extensive,maintained,andessentiallypermanenthydromodificationssuch
that the biocriteria for the WWH use are not attainable; the representativeaquatic
assemblagesare generallycomposedof specieswhich are tolerant to low dissolvedoxygen,
silt, nutrientenrichment,andpoor quality habitat.
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5) LimitedResourceWater(LRW) - this useappliesto streams(usually <3 mi.2 drainagearea)
which havebeenirretrievablyalteredto the extentthat no appreciableassemblageof aquatic
life can be supported;such streamsgenerallyoccur in extensively urbanizedareasand/or
completelylack waterduringnormally recurringdry weatherperiods;otherwaterssubjected
to acidic runoff from pastsurfacemining activitiesmayalsobe designatedLRW.

Chemical,physical, and/orbiological criteria are generallyassignedto eachusedesignationin
accordancewith the broad goals defined by each. As such the systemof use designations
employedin the Ohio WQS constitutesa “tiered” approachin that varying andgraduatedlevels
of protectionare providedby each. This hierarchyis especiallyapparentfor parameterssuchas
dissolved oxygen, ammonia-nitrogen,temperature,and the biological criteria. For other
parameterssuchas heavy metals,the technologyto constructan equallygraduatedset of criteria
hasbeenlacking, thusthe samecriteria mayapply to two or moredifferentusedesignations.

Dissolved Oxygen Criteria
Dissolved oxygen (D.Oj is one of the most important parametersin the protection and
managementof aquatic ecosystemssince all of the higher life forms (i.e., vertebrates.
macroinvertebrates[including Unionidac])are dependenton minimumlevels of oxygennot only
for survival, but critical life cycle lIrnctions suchasgrowth, maintenance,and reproduction. As
such,the DO. criteria for eachof thebeneficialaquaticlife uses1havebeenestablishedin light of
theseprotection end points. The DO. criteria for the MWH andLRW usedesignations(Ohio
EPA 1987a)are.designedto maintaingenerallytolerantandlower valueaquaticassemblagesand
for the prevention of nuisanceconditions (e.g., anoxia, odors, fish kills). The current DO.
criteria for eachaquaticlife usedesignationis listed in Table 1. The principal objectiveof this
analysisis to presenta rationalefor revising the DO. criterion for the ExceptionalWarmwater
Habitat (EWH) usedesignation.However, the lack of a daily averageD.O. criterion for theCold
WaterHabitat(CWH)usedesignationwas alsoexamined.

The Needfor A RevisedEWH D.O. Criterion

The need for a revisedD.O. criterion for the EWH use designation has been sporadically
recognizedand consideredby Ohio EPA for more than a decade. Dissolved oxygen (DO.)
criteria have traditionally been expressedas a period average(usually daily) along with a
minimum below which 0.0. values should not fall. This is exemplifiedby the current WWH,

MWH, andLRW DO. criteria (Table 1), an approachwhich is alsorecognizedas appropriateby
U.S. EPA (1986). The currentWWH DO. criterion was originally adoptedin the 1985 revisions

A beneficial use meets either the interim fishable/swimmableorbiological integrity goalsspecifiedby the Clean
WaterAct(Section 1O1{I](2]). In theOhio WQS. the following aquaticlife usesareconsideredbeneficial:
EWH, WWH, and CWH.

2
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Table 1. Current dissolvedoxygen(DO.) criteria for the majoraquatic life usedesignationsas
presentlycodified in the Ohio WaterQuality Standards(WQS: Ohio Administrative
Code 3745-1).

Daily Aver- Minimum
Use Designation age(mg/i) (mg/i) ProtectionEndpoint

CoidwaterHabitat - 6.Oa Coidwaterorganisms;
periodicstockingof
salmonids(maintenance,
growth).

ExceptionalWarmwater - 6.Oa Highly sensitiveaquatic
organisms;growthand
reproductionof recreationally
andcommerciallyimportant

species;maintenanceof
populationsof imperiled
S~CC‘Cs.

WarmwaterHabitat 5.0 4.0 Maintenanceof typically
representativewarmwater

aquaticorganismsand
recreationallyimportant
species.

ModifiedWarmwater 4.0 3.0 Maintenanceof moderately
andgenerallytolerantspecies
which are commonin highly
modifiedstreamhabitats.

Limited ResourceWater 3.0 2.0 Preventionof nuisance
conditions(odors,anoxia,

acutetoxicity).

a the presentcriterionis expressedasa minimumvalueonly - no avenge is specified.

3
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to the Ohio WQS and emanated from the original introductionof tiered aquaticlife uses in the
1978 WQS revisions. The current MWH and LRW criteria were adoptedin the May 1990
revisionsto the Ohio WQS. The existingEWH and CWH D.O. criteria were adopted in 1978 as
minimumonly values.

The needfor a “two-number” D.O. criterion for eachdesignatedaquaticlife usewasrecognized
when Ohio EPA initiated the adoptionof two-numbercriteria for mostof the heavy metalsand
other toxic constituentsfor which a sufficient databaseexisted(bC by Dick Robertsondated
August 8. 1983). The principal reasoncited was that a two-numbercriterion,the daily average
value in particular, would result in a more meaningful targetfor the steady-stateD.O. modeling
efforts which were widely employedby Ohio EPA in the early and mid 1980s. The present
policy employedfor waterquality modeling is to target adaily averagecriterion value underan
assumedset of critical, steady-statestreamflow and dischargeconditions. In the caseof the
existing D.O. criteria for EWH and CWH, a default value 0.5 mg/I abovethe daily minimum
criterion is usedas the targetfor steady-statemodelingefforts. However,an averagecriterion is
best suited for the steady-statemodeling techniqueswhich are commonly employed in the
wasteload allocationprocess.

In addition to the aforementionedpracticalreasonsfor a two-numbercriterion forD.0., the very

natureof DO. regimesis more amenableto this type of approach. DO. concentrationsare
subject to natural, did changeswhich are influenced by the daily cyclesof algal photosynthesis
and respiration. The highestDO. values in a 24-hourperiod occur during the daylight hours
(usually in the lateafternoon)andthe lowestvaluesoccur in the early morning, pre-dawnhours.
This naturallyoccurringcycle is sometimesreferredto as the “did D.O. swing”. The extent or
size of the “swing” betweenthe minimum and maximum D.O. concentration recorded during a
24-hour period is dependent on several factors including stream or river flow, ambient
temperature,solar insolation, and the relative abundanceand activity of photosyntheticalgal
and/orhigheraquaticplants. In Ohio’s warmwaterrivers andstreams,adiel swing of as muchas
2-4 mg/I maybe considered“typical” duringnormalsummerlow flow andambienttemperature
conditions. Variationsoutsideof this rangelikely signify increasednutrientenrichmentand the
potential for negativeeffectsto aquaticlife, particularlyfor the mostsensitiveassemblages(i.e.,
those representativeof EWH). However, the relationshipof the dynamic D.O. regimeto an
averagevalue over a 24-hour period is also important. Thus, in using ambient DO. data to
analyzethe causesof aquaticlife use impairment,it is also importantto considerthe averagein
relationto minimumandmaximumvaluesand the width ofthe did variation.

The needfor a revisedDO. criterionfor the EWH usedesignationis also evidentin the repeated
observationof fi.ill attainmentof the EWH biological criteria when D.O. values less than the
current 6.0 mg/I (minimum) criterion have occurred. Severalexamplesfrom the Ohio EPA

4
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biological andwaterquality assessmentdatabasewereusedto illustrate thispoint.

Rationalefor the CurrentF 0W110. Criterion
In attemptingto determinethe origin of the current6 mgil minimum criterion, several sources
were consulted.The Ohio EPA WQS files containedlittle explicit informationabouttheorigins
of the 6 mg/I criterion andmuchof the documentationfoundpertainedto justificationsfor the S
mg/I average/4mg/I minimumcriterion for the WWH designation.Therewerereferencesto the
CWH and EWH DO. criteria needingto be more stringentthan WWFI “. in order to give
protection to more sensitivefish species”(bC by Bob Monsarrat datedFebruary8, 1978).
Ohio hashad a 6 mg/I criterion (appliedto specific rivers andstreams)since 1967 (Ohio Water
Poll. Contr.Sd.Resolutions),butthe origins andlevel of protectionspecifiedremainunclear.

Some of the contemporarywater quality criteria compendiaof that time period allude to the
rangeof D.O. between5 mg/i and 6 mg/I as beinga critical thresholdfor sensitivefish species,
especiallycoidwaterspecies(FWPCA 1968). This samestudy also establisheda hierarchyof
decreasingsensitivity from coidwaterfish (e.g.,salmon,trout) to warmwatergameand panfish
(e.g., bass, sunfish) to warmwater“coarse” fish (e.g., carp, buffalo). While someof these
categorizationsdo not necessarilyparallel a speciessensitivity (i.e., “coarse” fish, several of
which are actually sensitivespecies)the hierarchy remainsan appropriateway to categorize
levels of protection consistentwith that specified by the Ohio EPA aquatic life uses(e.g.,
CWH>EWFL>WWH>MWH>LRW). Thus,a hierarchicalsetof D.O. criteriaconsistentwith the
hierarchyof thedesignatedaquaticlife usesseemsappropriate.

None of this, however,shedsmuchmore than indirect light on the origins of the EWH 6 mgIl
minimum D.O. criterion. The FWPCA (1968) summaryon D.O. was one of the documents
availableto Ohio EPA to supportthe developmentof the 1978 WQS which is wherethe EWH
DO. minimum of 6 mg/I first appeared.This studyindicatesthat one of the first signsof stress
on fish from decliningDO. concentrationsis increasedrespiration(i.e.. gill movement)andthat
this becomesevidentfor the “half-dozenor sowarmwatergameandpanfish” asDO. is reduced
from6 mg/i to 5 mg/I andthe effectsarefurtherexacerbatedfrom 5 mg/I to 4mg/I. However,the
FWPCA(1968)report alsostatedthe following:

“Severalfield studieshaveshownthat good anddiversified fish populationscanoccur in
waters in which the dissolvedoxygen concentrationis between6 and 5 mg/I in the
summer,suggestingthat a minimumof6 mg/i isprobablymorestringentthan necessary
Jbr warrnwaterJishes(italics added). Becausethe oxygencontentof abody of waterdoes
not remainconstant,it follows that if the dissolvedoxygen is never less than 5 mg/I it
must be higher part of the time. In some cases,good populationsof warmwaterfish,
including gameand panfishes,occur in watersin whichthe dissolvedoxygen maybe as
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low as4 mg/I for short periods. . (and). Five and4 mg/I arecloseto theborderlineof
oxygenconcentrationsthat are tolerablefor extendedperiods. For agoodpopulationof
gameandpanfishesthe concentrationshouldbe considerablymorethanthis.”

The recommendationsforthcoming from the FWPCA (1968) were 5 mg/I for a diversified
warmwaterbiota assumingthat there are normal seasonaland daily variations above this
concentration.The DO. could rangebetween5 and4 mg/I for “short periodsof time” provided
otherwaterquality conditionsare favorable. However,the growth of young fish was markedly
impairedif the D.O. droppedto 3 mg/I evenfor a part of the daywhenmaximumvaluesas high
as 18 mg/I occurred. This is one of the reasonscited for needinga daily minimum criterion in
additionto an average.

Based on an examinationof Ohio EPA files andconversationswith someof the key staffwho
developedthe 1978 WQS (R. Shank,pets.comm.)theorigin of the6mg/I minimumcriterionwas
basedon assuringthe protectionof a setof ecologicalvaluesthatwerehigherthan“typical” (i.e.,
WWH). Given that the tools and techniquesnow availableto discriminatebetweenthe WWF!
and EWH uses were lacking, it is not surprising that a clearjustification for the 6 mg/I criterion
cannotbe found. In one sense,the 6 mg/i minimumwas largely a bestprofessionaljudgenient
decisionemployingagenerousmarginof safetygiventheresourcevalueimpliedby EWH. Thus,
theproposedminoradjustmentto the original6mg/I minimumcriterion seemsjustified giventhe
existenceof new information resultingfrom the availability of improved assessmenttools (i.e.,
multimetricbiok’gical indices,bicAogical criteria,etc.) anddatabases18 yearshence.

Rationalefor A RevisedEWH 0.0. Criterion

Partof the rationalefor a revisedEWH DO. criterion is based largely on the observationof flu
attainmentof the EWH biological criteria under D.O. regimeswhich include minimum daily
values less than 6 mg/i. Other information including the U.S. EPA Ambient Water Quality
Criteria for Dissolvedarygen (U.S. EPA 1986)was also examinedto verify the efficacy of this
criterion revision.

Analysisof theStatewide Database
One approach usedto determinethe appropriatenessof the proposedEWH D.O. criterion was
to examinethe Ohio EPA statewidedatabasefor DO. and biological community performance
indicators(i.e., Index of Biotic Integrity, InvertebrateCommunityIndex).This wasaccomplished
by plotting variousexpressionsof D.O. levels(raw values,means,percentiles)in Ohio rivers and
streamsagainstthebiological indiceswhichcomprisetheOhio EPAbiologicalcriteria(OhioEPA
1987b, 1989a,b).After examininga numberof differentstatewidecomparisons,threestoodout
asoffering bothmeaningfulandrepresentativeinformation.

6
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Raw D.O. values(instantaneousmeasurements)from the statewidedatabasespanningthe period
of 1981-1992were plotted againstthe Index of Biotic Integrity (1BI) valuesrecordedat linked
locations(i.e., the D.O. value wasdeemedrepresentativeof the biological sampling location).
The resultantscatterplot(Figure 1, uppertier) revealsa clusterof datapointswhich we term a
“wedge” of datapoints. The left surfaceof thewedgerepresentsa boundarybetweenwhich IBI
values representativeof a given level of biological community performanceat a given DO.
concentrationhavebeenobservedto occur. A 95% line of best fit was drawn acrossthe left
surfaceboundarywith 5% of the datapointsfalling to the left of the line (Figure 1). The 95%
tine correspondsto the lowest D.O. value at which a given level of biological community
performanceas measuredby the IBI hasregularlyoccurred- coincidencesof DO. andiBI values
to the left of this line areby comparisonrare. Thus,anyproposed“new” criterion for D.O. can
be evaluatedfor precedenceagainstthishistorically and spatially robustdatabase.As suchthis
representsa “one-sided”analysisin that a proposedcriterion can be evaluatedto determineif it
is under-protectivemoresothanevaluatingif it is over-protective.

Shadedareasrepresentingthe boundariesof “representative”numericalbiological criteria for the
respectiveEWH, WWH, and MWH aquaticlife useswere superimposedon the scatterplotto
determinethe DO. levels at which attainmentor non-attainmentof thesecriteria havebeen
observed.The existing4mg/i mthimumDO. criterion for the WWH useandthe proposed5 mg/I
minimum for the EWU usewere also superimposedto determinethe D.O. concentrationsat
which IBI valuesconsistentwith the attainmentof each usedesignationoccurred. The results
indicatethat lB! valuesconsistentwith the EWH usedesignationat DO. concentrationsas low
as 5 mg/I haveprecedencewith somesporadicoccurrenceslessthan5 mg/i (Figure 1, uppertier).
A similar plot of median DO. values(Figure 1, lower tier) showsthat EWH attainmentwith
medianDO. values as low as 6 mg/I also hasprecedence.Figure Ia is a box-and-whiskerplot
analysisby narrativebiological performanceranges(i.e., exceptional,good, fair, poor, and very
poor)of the IBI showingthe median, 10th, 25th. 75th, and90th peicentiles,andoutliers for 10th
percentileDO. values. This analysisshowsthat the proposed5 mg/i minimum correspondsto
exceptionalperformanceat the 10th percentileof DO. values. The majority of the D.O. datain
Figure1 arc comprisedof daytimereadingsmeaningthatpotentially lower readings,whichwould
occur in the early morninghours,arenot ~ve1Irepresented.Thus,minimumdaily values lower
thanthosein Figures 1 and la probablyoccurredat the siteswherefull attainmentof the EWH
usewas observed. As such,Figures 1 and Ia representconservativeanalysesin that the data
pointsdo not necessarilyrepresentall of the daily minimumvalueswhich likely occurred. While
theseanalysesalone are not entirely conclusiveregardingthe efficacy of the proposed6 mg/I
average/5mg/I minimum EWH 0.0. criterion, the occurrenceof daytimeDO. values less than
the present6 mgII minimum criterion with full attainment of the EWH use is certainly not
unprecedentedin a historically, spatially,andobservationally(n=14,992)robustdatabase.
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Observationsin Individual Riversand Streams
Anotheranalysisundertakenin this study was an examinationof the occurrenceof attainmentof
the EWH biocriteria in designated(or recommended)EWH streamsand rivers with an adequate
continuousDO. database. This analysisprovidesa comparisonof the IBI and Invertebrate
Community Index (IC!; DeShon 1995; Ohio EPA 1987a,1989) with the D.O. results obtained
using Datasondecontinuousmonitors. Information from six streamsand rivers eitherpresently
designatedas EWH (or where the biological data indicates a redesignationto EWH is
appropriate)was examined.Theserepresentacross-sectionof differentstreamandriver sizesas
well. Full attainmentof the EWH usedesignationover an extendedlength of river or stream
and/or over multiple years underD.O. levels which are periodically below the present6 mg/I
minimumD.O. criterion representsadditionalevidencethatthe criterion shouldbe revised.

ScippoCreek
ScippoCreek is a small tributaryof the Scioto River locatedwithin the EasternCorn Belt Plains
(ECBP)ecoregion(OmernikandGallant 1988)anddrains52 squaremilesof landarea. Landuse
is predominantlyrow crop agricultureandonemajorpoint source(PPGIndustries)dischargesto
the mainstem. Basedon results obtained through monitoring conducted in 1992 and 1993,
ScippoCreekis beingrecommendedfor redesignationas EWH. Both the 18! andIC! attainthe
EWH biological criteria at nearlyall sitessampled,thusmeetingthe Ohio EPA requirementthat
the ability to attain EWH be demonstrated(Figure 2; Ohio EPA 1987b). ContinuousDO.
readingstakenin August 1993 indicatethatminimumvaluesbelow6 mgI! occurredat mostsites.
Novaluesbelow5 mg/I wereobserved.

Big Darby Creek
Big Darby Creek is a major tributary of the SciotoRiver locatedwithin the EasternCorn Belt
Plains(ECBP)ecoregion(OmernikandGallant 1988)anddrainsapproximately560squaremiles
of land area. Land use is predominantlyrow crop agriculture,but severalsmall point sources
(mostly WWTPs)dischargeto the mainstemandtributaries. The existing usedesignationof the
mainstemis EWH with the exceptionof the extremeheadwaterswhich aredesignatedas WWH.

Big Darby Creek has long been recogi~izedfor supporting an unusuallydiverse and unique
assemblageof aquatic life and is a nationally designatedScenic River and one of The Nature
Conservancy’s“Last GreatPlaces”. Biological performanceas measuredby the 181 and IC!
indicatethat the biological criteria for the EWH are largely met with the exceptiontf-hxalized
reachesof impairment(Figure 3). The latestcontiguoussetof data(1992) indicatesthe strongest
showingof lull attainmentandshowthehighestbiological index scoresto occur in the tower4O-
50 miles of the mainstem. Severalsetsof continuousD.O. data havebeencollectedbetween
1988 and 1992. The D.O. datacollectedin August 1992coversthe longestreach,but represents
an elevatedflow year (Figure 4). The D.O. data collected in 1988 representsthe opposite
extremeas critically low flows occurredduringanextendeddroughtperiod. The D.O. results

10
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Figure2. Biological andD.O. monitoringresultsfrom ScippoCreekduring 1992 and
1993; D.O. (upper)as measuredby Datasondecontinuousmonitorsin August
1993 andthe Indexof Biotic Integrity (WI; middle) andInvertebrate
CommunityIndex (id; lower).

11

C,

C

0,

0
-D
U)
>
0
U,
U,
C

14

12

10

8

6

4

2

0

60

50

40

30

20

12

60

50

40

30

20

10

0

I I I

AugusIl 993 H
T

I I
a-

I :

:
.

RM 0.4 RM 0.1

1993
—s—— 1992

. I

‘ ‘

fl:

—w-—— 1993 :

I . I —

EWHfln~
QBI=50)

W~MOtHt~
QBt=40)

EWHC~
(ICI=46)

~II cAatn
(CI=36)

020 15 10 5
RIVEFaIILE



MAS/1995-12-5 DO. Criteria Revision Justification January31, 1996

Bi~Darbçreeki988-1993

80 70 60 50 40 30 20
RIVEF~1ILE

EW~CA~th
(IC 1=46)

~H O~th
fla=36)

Figure3. Index of Riotic Integrity(IB1; upper)andInvertebrateCommunity Index (ICI;
lower) resultsfor the mainstemof RigDarby Creekduring 1988, 1990, 1992,and
1993.

40

— 60m
~5O

I

30

20
12

0
C)
V

~5o

~4o
E
0

Co
-o
a)
ta)
>
C

30

20

10

0
10 0

12



MAS/1995-12-5 D.O. Criteria RevisionJustification January31, 1996

indicatethat valueslessthanthe existing6 mg/I EWH D.O. criterion haveoccurredin the lower
mainstemwhile biological performanceconsistentwith the EWH usedesignationalso occurred
(Figures3 and4). The site at RM 13.36showedextremelylow D.O. valuesduring the extended
low flow period in 1988 with minimumvalueslessthan 3 mg/I and a 25thpercentilevalueof 4
mg/I (Figure 4). Long-term monitoring with macroinvertebratesat this samesite shows IC!
values well abovethe EWH biological criteria with similar valuespersistingin 1990 and 1992
(Figure4). 181 values were also well abovethe EWH criteria at this samesite in 1988 with
similarly high valuesextendinginto 1990and 1992.

UpperGreatMiami River
The GreatMiami River is a major tributary of the Ohio River locatedwithin the EasternCorn
Belt Plains(ECEP) ecoregion(Omernik and Gallant 1988). Our focus hereis with the upper
mainsteniwhich drainsapproximately1150 squaremilesof land area. Land use is predominantly
row crop agriculture, but several major point sources(mostly WWTPs) dischargeto the
mainstem. The existingusedesignationof the inainstemis WWH. but the resultsobtainedin
1994 stronglysuggesta redesignationto EWH is in order. IBI andICI valuesalongmost of the
mainstembetweenRM 85 and 140wereabovethe EWH biological criteria(Figure5). Minimum
D.O. valueslessthan6 mg/I weremeasuredat threesites,two of which wereeithercloseto or at
biological samplinglocationswhich met the EWH biological criteria (Figure5). Valueslessthan5
mg/I occurredat only onesite which was in a localizedimpoundmenton the mainstemwhich will
remaindesignatedWWH.

Little Miami River
The Little Miami River is a major tributary of the Ohio River locatedwithin the EasternCorn
Belt Plains (ECBP) and Interior Plateauecoregions(Omernik and Gallant 1988) and drains
approximately1760 squaremilesof land area. Land useis predominantlyrow crop agriculture,
but numerousmajorpoint sources(mostly WWTPs)dischargeto the mainstem. The volume of
municipal WWTP effluent is the largest of any EWH designatedriver in Ohio (50 million
gallons/day)andis projectedto increase.Full attainmentofthe EWH biologicalcriteria occursin
two disjunct reachesand the cumulativedistance in full attainment increasedsubstantially
between 1983 and 1993 (Figure 6). Three other reachesincluding the lower mainstem
(downstreamfrom RM 20), a reachbetweenRM 50 and65. and the headwatersupstreamfrom
RM 80-85werein partialattainmentdueprimarilyto organicenrichmentfrom municipal WWTP
dischargesand combinedsewer ovefflows (lower reachonly; Ohio EPA 1995). Biological
performancealongmostofthemainstemhasimprovedsignificantlysince1983,reflecting loading
reductionsfrom point sources. Reachesof full EWH attainmentwere correlatedwith D.O.
values lessthanthecurrent6 mg/I criterion, but very few values were found to be lessthan5 mg/I
(Figure6). Becausemostof the WWTPsare submittingexpansionplans,the Little Miami River
is a casein point as to the appropriateD.O. targetfor wasteloadallocationpurposes.The
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problemsassociatedwith the WWTP impactsincluded excessivenutrientconcentrations(mostly
total phosphorus)and the influence of this on diet 110. patterns. The available information
suggeststhat protectingfor the proposed6 mg/I averagel5mg/I minimum EWH 0.0. criterion
would be appropriatefor maintainingandftirther restoringthe EWH usedesignation.

WaihondingRiver
The WaihondingRiver is a major tributary of the Muskingum River locatedwithin the Western
AlleghenyPlateau(WAP) ecoregion(OmemikandGallant 1988)anddrainsapproximately2250
squaremiles of land area. Land use is predominantlyrow cropagriculture,but point sources
dischargeto the upper sectionsof severalmajor tributaries which feed the Waihonding. The
existing use designationof the mainstemis EWH and the biological resultseasily reaffirm this
(Figure 7). ContinuousD.O. data collectedduring three differentyearsshow someminimum
valueslessthan6 mg/I, but above5 mg/I (Figure7). The Walhondingis probablythe largestriver
in Ohio with no direct pointsourcedischargesandonly a few scatteredconcentrationsof suchin
thc upperpartsof thewatershed.

SciotoRiver
The Scioto River is a major tributary of the Ohio River thcatedwithin the EasternCorn Belt
Plains (ECBP) ecoregion(Omemik and Gallant 1988). Our focus here is with the central
mainstemwhich drainsapproximately3200 squaremilesof land area making it the largest river
amongthe six examples.Landusein the upperwatershed is predominantlyrow crop agriculture,
but two major ~ointsources (both WWTPs) and several smaller sources (WWTPs, industries)
dischargeto the mainstem. The existinguse designation of the mainstem is WWH, but results
obtained since the mid and late 1980s strongly suggest a redesignation to EWH for an
approximatelyeight mile long reach of the lower centralmainstem. IBI andIC! values in the
reachbetweenRM 106.1 and 97.9 indicatelull attainmentofthe EWH biologicalcriteria at most
locations(Figure 8). ContinuousDO. data collectedin 1988 showsvalueslessthan 6 mg/I and
even5 mg/I during an extended drought. Daytimegrab samplesduring other yearsalso show
minimumvalueslessthan6 mg/I at sites which attaintheEWH biocriteria. Long-termresultsfor
the ICI and TB! both showvaluesapproachingandexceeding EWH biological criteriaas earlyas
1986 andgenerallypersistingthrough 1992 (Figure 9).

SummaryofIndividual StreamsandRivers
The resultsof the comparisonof continuouslymeasuredD.O. and EWH useattainmentin six
streamsandrivers of varying sizesshowsthat the latter can be compatiblewith minimum DO.
values less than 6 mg/I. However, values less than 5 mg/] were either infrequent,did not
frequentlycorrelatewith full EWH use attainment,or weremeasuredonly underextremelow
flow conditions. Thus, this analysiswould appearto supporta minimum EWH D.O. criterion
lessthan6 mg/I, but not lessthan5 mg/i.

17



MAS/1995-12-5 January31, 1996

I I .

~-

—m-—19941B1

—s— i~i~

m .

—W--— 1994
—s-— 1988 H

I I

20 15 10 5 0
RiVER MLE

EWHQ~
QBI=48)/

~HOI&tn
(181=40)

EVM Q~tn
(ICI=46)

QCI=36)

Figure7. Biological andD.O. monitoringresultsfrom the WaihondingRiverduring1983-
1994; D.O. (upper)as measuredby DatasondecontinuousmonitorsduringAugust
1988, July 1989,andSeptember1994 andtheIndex of Biotic Integrity (IBI;
middle)andInvertebrateCommunityIndex (ICI; lower)basedon resultsobtained
in 1983, 1988,and 1994. The WaihondingRiver is designatedEWI-I.

18

110. Criteria Revision Justification

16
a)

= 12
a,
a)

08
-oa)
>

0)

b
0

=~60

c50
~4o
t630

p
C)

~12

~‘6O

~,5o

~4o
~3o
‘c)

C



MAS/1995-12-5 January 31, 1996

—~14
0)

E12
C
olO
0,

C
-D3)6
>

U,

0

~6O

~ 50
0)
C)

t

E3o

C)

S 12

E~O~
(IBI=48)

0

-~ EWlQtetr
50 QCI=46)

~4o

~3o

~ 140

Figtire 8. Resultsof continuousD.O. Monitoring in 1988 (upper)comparedto Index
ofBiotic Integrity(IBI; middle)andInvertebrateCommunityIndex (id:
lower) resultsforthe centralScioto Rivermainstemduring 1980, 1988,
1991.and 1992.

19

DO. Criteria Revision Justification

I I
- Rexininmied -V -

EWSegment -

July1928

__ TE
iii

_

- __ I-
I

- Proposed 6 mg/I Average: -

- 5 mg/I Minimum EWHCriterion -

I I

RM119.9 RM115.31 RM1O9.37 RM1O2.14

I I I p

120 110
RIVER tYkE



MAS/1995-12-5 January3!, 1996

C)
E 12

C
e 10
0)
>,
‘<80

-c
>

0,

02

0

60

50
I-
a,~4O
C

-~3o

9o20
-o
C

— 12

o 60

40-

~2O
Ct
I--o
a)10
ta)
>0
C

R~nnme~ded
EWisegment

JuI~4988

H
J_I J~

Proposed 6 mg/I Average: -

5 mg/I Minimum EWH Criterion
I I I I I I

RM119.9 RM115.31 RM1O9.37 RM1O2.14

1979-7994

—m--— I~V11O2fl -

1980 1985 1990 1995
YEAR

LWI O~
081=48)

Iv,

~HQ~tn
(IBI=42)

EW~Q~

2
C1=46)

W~HQ*st~
QO=36)

Figure9. Comparisonof Dii (upper)concentrationsin the Scioto Riveras
measuredby DatasondecontinuousmonitorsduringJuly 1988andthe
Index of Biotic Integrity (IBI; middle) andInvertebrateCommunity
Index (JEll; lower)basedon resultsobtainedat fixed locations(RM
100.0and 102.0)during1974-1994.

0.0. Criteria Revision Justification

19741993

I’’’!’

1975

—0--— l~v1lcflCVlO2.O

20



MASII99S-12-5 D.O. Criteria Revision Justification January 31, 1996

Synthesis of Information

The information presentedthus far from the Ohio EPA databaseconsistsmostly of field
observations with the goal of evaluating the efficacy of a 6 mg/I average/5mg/I minimum two-
number EWH 110. criterion. Theseobservations(Figures 1-9) tend to supportchangingthe
current 6 mg/I minimum LW!-! DO. critedon to the proposedtwo-numbercriterion. Not only
havetherebeenobservationsof EWH useattainmentwith minimumD.O. values lessthan6 mg/I,
the evidencealsosuggeststhe relativeabsenceofthis occurrencewhen instantaneousDO. levels
dropbelow5 mgfl andmedian1eve~sdropbelow6 mg/I (seeFigures 1 andla). Theseresultsalso
seemto correlatewith the findings of Ellis (1937) and Coble (1982)who both found that fish
communitiescharacterizedby a high divershyand a significantproportionof sport-species(e.g.,
percids,bass,sunfish)occurredat sitesaveraginggreaterthan 5 mg/I. The latter studyby Coble
(1982) is particularly supportiveas it focusedon what arc sometimesreferredto as “cool water’
fish assemblages. In distinguishing between EWH and WWH communities in Ohio, the
qualitativeassociationof “cool water” fish specieswith EWH is oneway of describingsomeof
the specieswhich arethe significantbiological attributesof thisusedesignation. In a review of
these field studies U.S. EPA (1986) concluded “. . . that increases in dissolvedoxygen

concentrationsabove 5 mg/I do not produce noteworthyimprovementsin the composition,
abundance,or condition of non-sairnonidfish populations(italics added).but that sites with
dissolvedoxygen concentrationsbelow 5 mgI] havefish assemblageswith increasinglypoorer
population characteristics”. While these studies essentially pit-dated the developmentof
multimetric indiéessuch as the IBI, the qualitativecharacteristicsof the fish populationswhich
are describedby eachare consistentwith some of the key differencesbetweenthe WWH and
EWH useswhich arediscriminatedandquantifiedby multimetric indicessuch asthe IBI andICI.

The mostrecentandcomprehensivecompendiumof the effectsof DO. on fish andotheraquatic
organisms is the U.S. EPA AmbientWater Quality Criteria for DissolvedOxygen (U.S. EPA
1986). This documentincludedthe findings andconclusionsof somenoteworthyreviews such
as Davis (1975) and Doudoroffand Shumway(1967, 1970), the latter being cited by the water
quality criteria compendiaof that time (e.g., NationalAcademyof Sciences/Engineering1973).
While theU.S. EPA (1986)studyonly distinguishedbetweenwarmwaterandcoidwatercriteria,
it did referto varyingdegreesof protectionwithin eachcategory(e.g.,degreesof fish production
impairment). One analysiscorrelatedthe percentsurvival of embryonic and larval stagesof
warmwaterfish with meanDO. which showedcompletesurvival of eight specieswhen the
meanDO. was greaterthan 6 mg/I (Figure 10). It was further noted that the minima in the
laboratory experimentsaveragedabout 0.3 mg/I less than the mean, The U.S. EPA (1986)
recommendationsfor DO. criteria specifiedthreetemporal thresholdsfor early life stagesand
otherlife stagesincluding adults. Forwarmwaterapplicationsthis consistedof the criteria listed
in Table 2. Basedon thethresholdsdevelopedby U.S. EPA(1986)a 6 mg/I average/5mg/I
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Table 2. Water quaLity criteria for ambient dissolved oxygen concentrations to protect
warmwateraquaticlife as proposedby U.S. EPA (1986).

Life Stages 30-DayMean
7-Day Mean

7-Day Mean Minimum I-Day Minimuma

Early Life Stages
(embryos,larvae,
juveniles<30 days)

NA 6.0 NA 5.0

OtherLife Stages

(juveniles,adults)

5.5 NA 4.0 3.0

a instantaneous minimum.

minimumEWH D.O. criterion appearsto beprotectiveof all life stages.Whilea 5 mg/I minimum
is more stringentthanthat proposedby US. EPA (1986) for adultsandjuveniles, it is necessary
to protect younger life stages. It also seemsa reasonabkminimum given that EWH criteria
should be more protectivethan thosefor WWH. The EWH DO. criterion that we proposelies
betweenthe U.S. EPA recommendedwarmwaterandcoidwaterlevels(non-embryoniclife stages
only) of protection which also seemsreasonablegiven that some of the sensitivewarmwater
speciesthat comprisethe assemblagesrepresentativeof EWH may well approachthe sensitivity
of salmonids.

The adoptionof a 6 mg/I average/5mgi minimum two-numberD.O. criterion for EWH seems
supportedby the scientific evidence(both field and laboratory)examinedby this study. In
practicaltermsthe proposedtwo-numbercriterion is alsoconsistentwith the hierarchyof DO.
criteria between the WWH, MWH, and LRW use designations. Basedon the information
presentedby U.S. EPA (1986) there is also justification for bringing the CoidwaterHabitat
(CWH) D.O. criterion (presently 6 mg/I minimum) into line with the two-number
average/minimumhierarchyofthe otherusedesignations.Theaddition of a7mg/i averageseems
to be supportedby the U.S. EPA (1986) studywhich specificsa 6.5 mg/I 30-daymeanfor life
stagesotherthan embryosand larvaewhich arenot at issue in Ohio’s CWFI designatedstreams.
Theselife stagesarenot applicableprotectionendpointsfor CWF! in Ohio asthis use is focused
on maintainingadultandjuvenile salmonidson aput-and-takebasis,thusa7 mgJl averagel6mg/i
minimumcriterion shouldbe protectiveof the CWH usedesignation.
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introduction

Dissolved oxygen (DO) is perhapsthe most importantchemical constituentlimiting to
aquatic life in streamsacross the U.S. streanis becauseof its obvious importance for
respiration.Most flowing waters have sufficient dissolved oxygen to support natural
populationsof aquaticlife andcertainhabitatswith low naturallevds of dissolvedoxygen
duringsomeportion of a yearhavespeciesadaptedto obtaindissolvedoxygen from other
sources(gulping of atmosphericoxygen in the mudminnow, grass pickerel in certain
wetlandconditions). Most statewaterquality standardshave devdopeddissolvedoxygen
requirementbased on the U.S. EPA (1986) criteria derivationguidelinesusing the most
sensitivespecies(to low DO) that inhabit thesewaters basedon a relatively abundant
literature related to DO requirements.Ohio has incorporated field data associating
biological conditionindices,suchas the Indexof Biotic Integrity(IBI) andtheInvertebrate
Community Index (id), with ambientdissolvedoxygenmeasurementsto adjustdissolved
oxygencriteria by aquatic1{fe useand, in somecases,ecoregiondifferences (Appendix 1).

Data
This fact sheetdiscussestwo types of ambient dissolved oxygen data collect from Ohio
streams. The largestdatabaseis composedof daytiniegrabsanipks(ORB) collectedduring
intensivewatershedsurveys.Biological andchemicaldatawere matchedon a caseby case
wherethe exact location denotedby a river mile (RM) differed slightly. This can occur
becausewaterchemistrydata is a point sample,macroinvertebratessitesare a combination

of a point (artificial substrates)andshort reach(natural substrates)and fish are sampled
alonga I 5O-500m transect.Chemicalandbiological datawerelinked if chemicaldatawere
deemedto be representativeof the chemicalconditionsto which the biology was exposed
and when no significant source of pollutants or dilution enteredbetweensampling
locations(e.g., tributary,discharge).Dataalsohadto be collectedduringthe santeyearand
during the samesummerperiod (June15-October15).

The second type of data was collected by Ohio EPA using Datasondecontinuous
tnoniroringsamplers(CND that recordparameterssuchas DO, temperatureandpH every
15 minutes;thesewere typically set for 48 hours. This data, which we obtainedfrom Ohio
EPA, was collectedbetween1988 and1994 andshouldencompassor includetimeperiods



wheredissolvedoxygen levels hadboth very high and very low values.Therewere fewer
linked macroli-ivet-tebratesitesthan fish siteswith the continuousdata so we focusedon
the ORB data when examining macroinvertebrateresponses.The ORB databasewas
extremelylarge so we usedonesubsetthat matchedthe continuousmonitoring sites, a
secondsubsetfrom the EasternCorn Belt Plainsand 1-luron Erie Lake Nains ecoregions
front 1994-200? for fish, and the statewidedata for the macroinvertebrateswhere there

weresomewhatfewerdatapoints.

Day Time Grab Data (GRB)vs. Continuous(CNT) DO Data
Although CNT dissolved oxygen data collection is fairly widespread,it is often not
collectedat thesamesitesas biological,habitat,andothergrabwaterchemistrydata. ORB
sampledataare importantbecausetheyhavebeenusedto determinewhetherambientdata

meet or exceedwater chemistrycriteria in StateWaterQuality Standards(WQS). ORB
samplesin the Ohio EPA databasearc composedof approximately6-8 samplesduring a
summerperiod (mean6.6, median6.0) lypically collectedduring daytimehours.Samples
were processedin the Ohio EPA laboratoryaccordingto U.S. EPA approvedmethods.
Datasonde samplers were

~ An i bata-1994-2001generallyset ror ‘to flours, out -

ECBP& HELP Ecoreguons
were occasionally set for long
periods. Each Datasonde set
averaged94 samples(e.g., DO
measures)with a median oI 52
samplesper set.

We compared ORB vs. UNT
data from the samestations to

explore how they comparedin :~
characterizing a station’s DO * 2

regime. Figure 1 illustrates a
scatter plot of minimum values a

0 2 4 6 8
from C’4T samples vs.

bolnscndeMinimum
minimum values of ORB -bissolvedOxy9ensamples at these stations

collected during the same
summer period, but likely on
different days. Although there
is scatter these values are

positivejy correlated (R2=O.26).
Quadrant A on Figure 1
illustrates situations where

minimum ORB samplesare ~ 4 mg/I (Ohio Warmwater Habitat IWWHJ minimum
criteria value), but CNT values are less than 4. Less frequentare values in quadrantB
where CNTvaluesare~ 4, but ORB samplesaretessthan4 mg/i. Theseare concentrated
above3 rug/I (Figure 1). This pattern can also be illustrated with cumulativefrequency

FIguve I. Plot of Dawson&cunlingousdissolvedoxygen ~. grab
zanipkdatafor minimitm clissoh’cdoxygn,data. Q.wchnntA
has CNT vatun < 4m but GRBta(ua>4 uli

4
e qiw&aut 8

has ORB t&ues C 4m butCNT values>4. Dashedline is a
regression hueandthesolid line ha predictedline if datawere
pe4ecttymatdwct



plots that illustrate the percentagedistribution values of dissolvedoxygen for minimum
values(Figure2, tight) and for

10
rh percentilevalues(Figure 2, left). Thesegraphscontain

the sameinformation as Figure 1, but make it easierto estimatethe overall differences

betweenthemethods.Forexample,the CNT samplingidentified about 15% morevalues<

4 mg/i than did the GRB sampling. This is expected,but identifying the magnitudeof
differencecanbe importantwhenapplyingORB datafor deriving field basedtargets.

10th Pccer*ile Dissolnd 0xy9e0 Mirunum bissolved Oxygen
ORBvs. CNT &RB vs. CNT

10 -

___ 0
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Figute 2. Cumulatiw frequentyplot of lath ~CTCCThÜIC (top)andmininiu,n (bottom)dissolvedoflgenvalues
fromCNT (dashed)andGRB (solid)‘amp6

AssociatümsBetweenBiologicalIndicaumsandAmbientDissolved(hygen
Although there is some variability related to multiple stressorsthat influence the
relationship of DO to aquatic communities in Ohio, there is still a clear threshold
relationship betweenbiological indicators of aquaticcondition and ambient dissolved
oxygen. Figure 3 illustratesscatterplots of dissolvedoxygen (ORB data) at sites in the
ECBP and HELP ecoregionsvs. IBI scores(top) and statewidedata and ICI scores
(bottom). The relationshipbetweenthe ORB and04T data indicatesthat diurnal data
would pushthe thresholdrelationshipsto thekft slightly if thiswerebasedon CNT data.
Thereare sites that evidentlysupportExceptionalWarmwaterHabitat (EWH) or WWH
IBI andICI scores( 50 and40, respectively)with individual DOconcentrationsbelowthe
minimumcriteria establishedin Ohio for theseuses(EWI+5 rug/I min WWH4 mg/i
mm). The grab sampledata representasnapshot of the actual DO regime. The furthest
outlieron Figure3 (top)wheretheIBI scoresaregreaterthan40 is a DOof 1.6 mg/I. This
wasfound in the headwatersof theOlentangyRiver. This areahashada history or relative

severeimpactswith nearbystationsin 1979 with IBI scoresbelow 20. Much of this has
beenabatedand IBI scoresin theseareasare now in WWH rangesin the ‘lOs. Therewere
severalDO sensitivespeciesin this community(e.g., rainbowdarter)althoughperhapsat
lower abundancesthanexpected.In addition,certainmicrohabitatssuch as riffles could
haveslightly higherDO regimesthanpooi areaswherethe DO samplewas likely collected.
In the macroinvertebratedata thereis an extremevalue in theStiliwater River with a DO
of 1.3 mill thathadan ICI of 40 in 1982.Thiswasconsideredan impairmentat thattime
andthe datacollectedin 1990 hadDO values above6 mill and the id reboundedto a

to

CNT
a

9o9~ 99 99999.99



scoreof 50. We suggestthat extremeexamplesor outliers should not be usedto detiveor
support towed DO critetia especiallybasedon grab samples.Grab sampleson average
howeverare likely protectiveor conservativeestimatesbecauseCNT identifies about 15%
more low valuesthan (3KB samplesdo (Figure 2). Biological signatures(e.g., presenceor

absencea1DO sensitivespeciesor tan) can beusefulhowever,in determiningwhetheran
exceedanceoi the dissolvedoxygencriteria is biological significantand shouldbe identified
as an areathat needssomerestoration(e.g.,placedon aTMDL list).

Figures4 and 5 illustrate thedistributions of
10

th percentileor minimum dissolvedoxygen

valuesfor ORB samples(Figures4 and 5) and CNT samples(Figure4). Thesegraphsare

anothermethod of illustrating the relationshipbetweenIBI or ICI and disscilved oxygen.
Themore frequentlow valuescollectedin CNTvs. ORBsamplesare reflectedin the lower
rangesof the open boxeswhich represent

10
th percentile valuesacrossall stations. The

ONT samplingpicks up thediurnal swingsthat the ORB samplesmiss,althoughthegrab

samplescovermoreperiodsof time acrossa summersamplingperiod(whenlow DO values
are morelikely dueto high temperatures,algal activity, andincreaseorganic production).
Thebiokgicaldataintegratestressorinfluencesacrossmultiple time periods(e.g.,weeksto
years), and the absenceof ‘ow DO in either the CNT or ORB data can miss eventsor
underestimatethe severity of the DO influences.Biological signaturesof low DO from
impairedassemblagescancompensatefor the lack of “exceedences”of DO criteria and in
fact the identification of DO as a causeof imp&rment in the Ohio 305(b) report (Ohio
EPA2000) is often accomplishedwithout a specific chemicalexceedence.

Figures ôa-f provides someinsight into speciessensitivity or toleranceto dissolvedoxygen

stress.Theseare plots of catch per unit effort (relative numberper 300m) of individual
speciescountsfrom electrofishingsurveyspairedwith individual dissolvedoxygenvaLues
for wadeabkstreams(< 200 sqmO. Eachspeciescountcan be repeatedfor eachORB at a
station.The DO tolerantspecies(carp, Figure61andcreekchub, Figure6e) provideagood
illustration of the rangeof dissolved oxygen valuesdistributed throughoutthis database
which comprisesthe entirerangeof possibleDO values.Moderatelysensitivespecies(e.g.,
sandshiner and golden redhorse)are not found or found at reducedabundanceat sites
with less than 3-4 mill of dissolvedoxygen.Two highly sensitivespecies,black redhorse
andvariegatedarterare rarely (blackredhorse),if ever (variegatedarter) found at dissolved

oxygen concentrationstess than 5 mill. Thesetypes are dataare important in helping
establishingor verifying the appropriateminimum criteria for a given aquaticlife use in
Ohio. Thereis a continuumof sensitivity to ambient concentrationsof dissolvedoxygen

acrossspeciesandtaxathat occur acrossOhio.The presenceof suchsensitivespeciescould
be usedto help identify reachesor watershedsthat might beespeciallysensitiveto factors
that influence dissolvedoxygen such as nutrient enrichment,habitat degradationand

seditnentation.As hasbeenoutlinedby us and others,these“nonpoint” stressorsshould
typically be dealtwith in combinationand not separatelyas is often donein TMDL efforts.
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Multiple Stresso-isandCumulativeImpactsto WatershecLs
The accrualof multiplestressorsatawatershedscalecan hinderrestorationof aquatic life

in streamreacheswithin suchwatersheds.In Midwest streams,iow DO,especiallyfrom
NPS is typically associatedwith increasedorganicenrichment,increasenutrients,and
degraded habitats.Figures 7 (top, bottom)identifr a limiting threshokloIclissolvedoxygen
associatedwith the maximum, cumulativenumberof intolerantfish species(top) and

sensitiveruacroinvertebratetaxa(bottom)expectedin a watershed.Watershedswith mean

dissolvedoxygenvaluesgreaterthan 7 mg/I (indicatesa high proportionolsiteswith DO
values>5 mg/fl canhave10 or moresensitivespecies,a numbertypically associatedwith
Ohio’s EWLI aquaticlife use.Watershedswith meanDO valuesbetween6-7 mg 1’ rarely
havemorethan 5 intolerantspeciesin thesewatershedsindicatingan increasingnumberof

siteslikely exceedingwannwaterDO criteria in Ohio (X = 5 mgt’, ruin. 4 rug F1).
AveragewatershedDO values< 6 mill rarelyhavemorethan I intolerantspeciesand

thesewatershedsarelikely thosewith highnutrients,high siltation anddegradedhabitats.
The biological responsevariablesin areasaffectedby NPS stressorsare morestrongly

associatedwith habitatconditionsandnutrientssuchas totalphosphorus(TP) thanwith
DO concentrations,at leastasthey are reflectedin the sampledDO regime.Regression

treeanalysesandother triultivariate explorationtechniqueshaveidentified someof these
associationsfor the ECBPandHELP ecoregions(Rankin andArrnitage2004).Typical
regressiontreesare illustrated in Figure 8 for 181 (top)andICI (bottom).Theseanalysesdo

not eliminatetheimportantof DO asecologicalmechanismof impairment,but identify
the strongcontrolling influenceof habitatandnutrients in explainingobservedfish and
macroinvertebrateimpainnentandreinforcethe needto incorporatehabitat in NPS

restorationscenarios.

Speciesand Tarn SpecificDO ToleranceValttes
Oneof the morechallengingwrts of an assessmentis identifying the stressorresponsible

for aquaticlife impairment.While laboratorytestscanprovide usefuldata, oftensuchdata
is only available for a handfulof macroinvertebratetaxaor fish species. Datasetslike the

onewe usedhere are usefu’ for “mining” stressor-responserelationshipsbetweenstressor
variables and abundancesof a speciesor tan. A ranking of speciesresponsesallow

considerationof biological signaturesfor thesestressors.Taxa that are abundantin the

ambientenvironmentat depressedconcentrationsoi dissolvedoxygen and remain after
other taxa disappearcan help distinguish situations where DO is a primary stressor.
Conversely,high populationsof taxa that only occur at high, backgroundDO levels can
provide evidence that DO is not an important stressor. Parameterspecific tolerance

rankings can provide an improvement over “general” tolerance rankings where

identificationof multiplestressorsis difficult.

Onemethodto calculateparameter-specifictoleranceratingsis to calculateweightedmean
stressorvalues for parameterswherethe weighting is donebasedon the relativeabundance
of a specific organismat a site. This requiresdatawith consistentquantitativemethodsto
control for error dueto samplingvariability. Organismthat are common at high stressor
levels will havehigher weightedaverageparametervalues than an organismthat has its



populationsdepressedor eliminatedat a similar parameterconcentrations.‘Wheredata is
sufficient the organisms can be ranked and divided into quartiles or some other

distribution as way to assign narrative tolerance rankings (e.g.. tolerant, moderately

tolerant, moderate intolerant, intolerant). ‘When this is done for multiple taxa the
“biological signatures” become more compelling (Ranicin and Yoder 1995). Dissolved
oxygen is somewhatproblematicbecausealthough low oxygen is clearly a stressorto

respiration, very high DO concentrationsmay be an indicator that nighttime DO is
depressedrelated to high algal respiration. Tables 1 and 2 provide data on weighted

dissolvedoxygenvaluesfor ruacroinvertebratetanandfish speciesin Ohio. Ohio’s general

tolerancerankings1 areprovided for comparison.We excludedtan wheretherewere iess

than 100 DO datapointsor about20 stationsthathadbiological andDO data. We used
the minimum dissolvedoxygenvaluefrom eachstationto generatethe weighedparameter
value as the best indicator of stressconditions andthis was pairedwith taxa or species
abundancescollected at thesesame sites during the samesummer period. We also

generatedunweightedstatisticsfrom all of the DO dataassociatedwith eachspeciesfrom
all samplesat all sites(means,

25
th and

10
th percentiles).

We comparedthe general toleranceratings ior fish and macroirwertebratetaxa with the
weightedDO valueswegeneratedto examineconcordancebetweenthesetankingmethods

(Tables3 and4). We divided the weightedDO rankingsinto quintilesand assignedthem
the samenarrativeratings used in the generaltolerancerankings: intolerant,sensitiveor

moderatdyintolerant, intermediate,moderatelytolerant, andtolerant Agreementamong
rankings indicatesa general correspondencebetweengeneral toleranceand DO-specific
tolerance(Tables3 and 4) with somevariability.

Table 3. Comparisonof generaltolerancevs. DO tolerancefor 93 Ohio fish specieswhere
therewereat least20 siteswith DO data anda speciesoccunence.Generaltolerance
basedon Ohio EPA’s tolerancerankingsfor the IBI.

DO Tolerance GeneralTolerance
Tolerant Mod.

Tolerant

Intermediate Sensitive Intolerant

Intolerant 1 6 3

!

8
Sensitive 1 7 6
Intermediate 2 9 6 1

Mc,d.Tolerant 3 . 3 —. 13
Tolerant j.... :7 . 3 9

“General” tolerancerankingsareassessmentof a taxaorspeciestoleranceto a wide rangeof stressorsand

are typically usedin ID! andother mtiltimetric indkes.Theseare often speciesthat havedeclined in
abundancecomparedto theirhi stork geographicnngesandoften in responseto multiple stressorsincluding

habitatdegradation,siltation,organicenrichment,andtoxic chemicals.Theseassignmentsaretypically made

from a combinationof fish distribution texts and data, literature, examination oi ambientdatasets,acid best
professionaljudgment.



Outliers canbe useful to explainvanationbetweengeneraland specific tolerances.In the
fish comparison,onespecies,bladcnosedace,is an outlier with ageneraltolerancerating
of tolerant,but a DO rating oi intolerant. This speciesis generallyassociatedwith cool
headwaterstreams,but can be extremelytolerant of industrial dischargesand is not a
generallya habitatspecialist.

Table4. Comparisonof generaltolerancevs. DO tolerancefor 171 Ohio macroinvertebrare
taxawheretherewereat least20 sites with DO dataand a vaxa occurrence.General
tolerancebasedon recentOhio EPA’s rankingsof generaltolerance.

DO Tolerance GeneralTolerance
Tolerant Mod.

Tolerant
Intermediate Sensitive Intolerant

Intolerant 1 6 3 .~

Sensitive 1 7 5 6
Intermediate 2 9 6 1
Mod. Tolerant 3 3 13
Tolerant

.~ . 7 3 9

The greatest variability was in comparisonsbetween intermediate rankingsof general
toleranceand dissolvedoxygentolerancerankingswhere intermediategeneralsensitivity
was broadlydistributedwith both DO intolerant as well as DO tolerantspeciesand taxa
(Tables3 and 4). Some of this was variationwasrelatedto coidwaterspeciesconsidered
generallyinterniediateto certaingeneralimpacts(e.g., mottledsculpin, troutsp. [stocked]),
but sensitiveto temperatureandDO and~mothergroupof speciesassociatedwith wetland

andprairie habitatsthat arehabitatspecialists,but areassociatedwith naturally lower DO
regimes(tadpole madtorn, warmouth, least darter) than found in more common high
gradientMidwest streams.

DerivationofDissolvedOrygenCriteria
Criteria for dissolved oxygenfor streamsaretypically structuredas a two numbercriteria
with a minimum (never to be exceeded)vaiue and as daily averagevalues.Even though
moststatedissolvedoxygencriteria are basedon methodologiesgeneratedfrom controlled

studiesasoutline in the 1986 EPA guidelines(U.S. EPA 1986)somestateshavemodified
criteria on thebasisof ambientfield data(Ohio EPA 1996)or havemethodologiesfor site
specific derivationof criteria dueto naturalconditions(SCDHEC 1999;MO DNR 2004)

thatare wereconsideredeitheroveror under-protectedby existingstatewidecriteria.These
modificationsof criteria typically rely on referencesiteswithout substantialanthropogenic

impacts.
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Ohio EPA’s origina’ EWH dissolved oxygen criteria was odginally based on best
professionaljudgmentrelatedto the perceivedneedthat the biota of EWH streamswere
moresensitiveto iow DO thanthe biota typical oIWWH streams(Ohio EPA 1996). The
minimum DO criteria for EWH streamswasthen set to be equivalentto Ohio’s coidwater
aquaticlife use(6 mg/I minimum). Ambient datasimilar to that presentedherewas used

to provide evidencethat EWH index scores(fBI, ICI) occurredcommonlyat DO values
between5-6 mg/I, but not iess than 5 mg/I (Ohio EPA 1996) to justifr a 5 mg/I minimum

value for thesewaters. This is also supportedwith additional data examinedhere. For
example,the intolerantblack redhorseandvariegatedartersthat are associatedwith EWH

streamsand rivers show abundantpopulations down to 5 mill, but quicidy disappear

below that level (seeFigure6). Thesespecies-basedgraphsweredonewith ORB data and
are conservativebecausethey miss someof the lower nighttime valuesmeasuredin the
CNT data.

WWH DissolvedOxygenCriteria
The sameapproachusedto examineand providejustification for the EWFI criteria canbe
appliedto theWWH criteria aswell. Ambient biological dataindicatesthat attainmentof
WWH biological indexscoresoccursat stationswith DO valuesof 4 mg/I or above,but

much less frequently when DO is less than 4 mg/i. Interestingly, there was a slight
difference in the rangeof minimum dissolved oxygen valuesat stationswith WWH 181

scores(40-49)betweenstationswith grabdataat siteswith datasondedata(see Figure 4a)

and grab samples at a broad range of sites representedby the statewidedata set. The
distribution of minimum DO valuesat stationswith IBI scoresof 40-49aresummathedin
thehistogramsfor stationsin thestatewidedataset(Figure9, top) anda subseta1 this data

that also had datasondedata.The presenceof lower DO valuesat statewidesitesis partly a
result of larger samplesizes,but may also be related to datasortdesamplersbeing more

commonly set at complex siteswhere multiple stressorsare common and point sources
occur.At suchsites, lowerDO valuesaremore likely to co-occurwith toxicantsand other
acute stressors,and thus they less frequently co-occuredwith IBI scoresof 40-49. The

statewidedataincludesmoresiteswhereDO is the predominantstressandlow DO values

co-occurmorefrequentlywith IBI scoresof 40-49.

Stationswith DO valuesless than 4 mg/I primarily comprisethe “tail” of the distribution
(Figure 9, top). An examinationof sensitivespeciesthat arecharactisticof WWH streams
such as the golden redhorseand rainbow darter show fewer organismsbelow a DO of 4
mg/I although populationsdo occur at lower DO values. Some datapoints below the
criteria shouldbe expectedbecausethechemicalgrab samplesarean imperfectestimateof
the magnitude and duration of a chemical stress. The abundanceof a fish species

characteristicof EWH streams(variegatedarter,Figure 10, bottom) illustratesthe greater
restriction in abundancealong the DO gradientobservedin EWI-! streamsjustifying the

higherminimum DO (5 mg/I vs. 4 mg/I) for thesewaters.
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Figure 10 probablyunderestimatestheeffectsof the lowestDO becauseit doesnot include
sites where a speciesshould occur, but has beeneliminatedbecauseof low DO or other
stressors.The developmentof speciesdistribution and abundancemodelsalong natural
gradients of habitat, elevation, streamgradient, and flow could provide estimatesof

expectedabundanceof an organism.Rektionshipsbetweenstressorslike DO andexpected
abundancecould result in morepreciseestimatesof the influenceof a stressorsuch asDO
on individual speciesor tan

Using ambient biological data to help or adjust criteria such as dissolvedoxygen takes

advantageof the strength of well-founded biological monitoring to integtatethe often

complex pathwaysof influence of DO. The selectionof the biological target is a critical
choicein this effort. Ohio has developedbiological targetsthroughtheir developmentof
biological criteria. The difficuky is in determiningwhich chemical numberis a protective
andreasonabletargetfor protectionof aquaticlife. The appropriaterole of the biological
datais as a responseindicators to the suiteof stressorthat occur in the environmentand

the chemical stressorsare best used as design endpointsand to help identify causeof
biological impairments.The iocus on this paperwas to identify DO valuesthat can be

protectiveandreasonabledesigncriteriaandprovideinformationfor various management
efforts on causeof impairment.Weknow thatarelianceon chemicalassessmentof aquatic
life use attainmentand impairment, in the absenceof biological data, outsideof where
values will obviously result in acute impacts, can result in large errors in identifying
impairmentwith the error tendenciesstrongly skewedto missing impairments (Rankin

2003). A relianceonbiological datafor assessmentimpairmentis consistentwith theNRC
TMDL Committee that argued that indicators should be as direct measuresof the

designated use as possible(NRC 2001). There is moreconcernwith the precisionof the
criteria numberwhenusingDO dataaloneto estimateimpairment,thanwhenusing DO

dataas a supportto biological assessmentsto identifj impairment.

Thereare a numberof methodsbeing exploredastools for deriving accuratecriteria from
ambient data. Paul (2004) has proposed a conditional probability approach using
probabilistic surveydata. As with other methodsit relieson the ability to derive sound
biological targetsor endpoints. Suchadvancesare compatiblewith U.S.EPA’s strategyfor

its WQS and Criteria programsbecauseand touchesa number of the 28 “Strategic
Actions” in the Draft Strategyfor WaterQuality StandardsandCriteria (U.S. EPA 2002).
Here we outlined what is a muftiple line of evidence approach to determine DO
concentrationsthat appearto protectiveon the basis of large scaleanalysesof databases,
site specific examples of attainment of a tiered use at various DO levels, and the
identification of DO sensitive or tolerant tan that can be used to support attainment
decisionswheredata is ambiguous.Becausemanyof the stressorsaremoderatelyto highly
correlatedthe choiceof the numericchemicaltargetcanbe difficult andoften dependson
multipletines of evidence.Someof thenewerapproachesmay provide morestandardized
methodsto achieveambientbasedaiteria.



Perhapsas important a processas the derivation of criteria is considerationof how

attainmentand impairment decisionsare made. Someof the weaknesswith attainment

decisions,as for examplethe305(b)and303(d)process,lies with the inappropriatereliance
on stressor indicators to identify impairment rather than on responseindicators.The
strength of stressor criteria is with the derivation of appropriate treatment and

managementstrategiesand causesof impairment. Becauseof weaknesseswith using
stressordatato identifij impairment, outsideof where valueswill obviously result in acute
impacts,biological data should be the indicator of choiceto determineaquatic life use
impairment.As mentionedabove,theDO samplingregimedoesnot always clearly identify
impairmentsandthereis a risk of identifyinga wateras attainingan aquaticlife usewith
this datawhenit is actuallyimpaired(Rankin2003). Manyoltheseconcernsfadewhenan
adequatemonitoringapproachis usedthatprovidesconfidencein identifying impairment
andis able to employ multiple approachesto identi~ingthe causeof impairment.

Summary
In this paperwe explored the relationshipsbetweenCNT and ORB DO data and the
responseof biological datato gradientsof DO dataacrossOhio. Ohio EPA (1996)useda
similar approachto justify a two-numbercriteria for its EWH aquaticlife use including a
addition oi a minimum criteria of 5 mg/I for EWH streams.Both community-leveland
taxaandspeciesspecific datawereusedto identify that attainmentof an EWH aquaticlife

use was rare belowa DO of 5 mg/I, but becamemore commonbetween DO values of 5-6
mg/I. Similarly, for V/Wi-I streams,attainmentof theuse was uncommonbelow a DO of 4

mg/i, but becamemore common betweenDO values of 45 mg/I. Ohio EPA (1996)
provided more case examplessupportingthe 5 mg/I minimum value for DO for EWH

streams andthe standardlaboratory-based approachsupportsthe WWH criteria. We also
derived a fish speciesand a macroinvertebratetaxa sensitivity list for DO that shows
differencesfrom the general tolerancesensitivities.We envision this as a tool for usein the
stressor identification process. It is clear from the watershedscale patternswe have
presentedthat restorationof streamscanbe limited by watershedscale influencesand that

muftiple stressors are the nile ratherthanexception.It is also clear that aquaticlife havea

continuumof responseto DO andthat tieredaquaticlife uses providegreat advantages for
water resource managementandthederivationof reasonableandprotectiveDO criteria.
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100 — REPRODUCTIVEBIOLOGY AND EARLY LIFE HISTORY OF FISHES

CHANNEL CATFISH
Ictalurus punctatus(Rafinesque)
Ictalllrtts, Greek: “fish cat”; punctatus,Latin: “spotted.”

RANGE
Native range is central drainagesof the U.S. into
southernCanada,andpossiblypartsof theAtlantic
coast; from west TX, northernMexico along Gulf
slope into peninsularFL.1 Newly recordedfrom
Lake Michigan drainageof IL.’05

HABITAT AND MOVEMENT
Occupiesa variety of substrates.78’10°Occurspre-
dominantly in streams,rivers, and big rivers in
deeppoolsnearcoveror in areaswith currentover
a firm sandor gravel,rocky bottom; alsooccupies
the open waters of impoundments;avoids clear,
cool uplandstreamsandrivers.’~Seeksdeeppools,
submergedlogs,andoverhangingbanksby day,and
at night movesto shallow areasto feed.24’106Spawn-
ers may not migrate into nearby rivers.2’82 Prefers
bendwayandtailwater habitatsof largerivers over
main channelhabitats.87Runoff (fraction of stream
area consistingof runs) and water temperature
accountfor nearlyhalf the variability in biomass.lOt
In IL, correlationsfor channelcatfish 100 mm TL
werenot found; however,the presenceof 300 mm
fish was highly correlatedwith water velocity, per-
cent instreamcover, and percentpool.103

Tagging studieshaveshownvaried and oftendis-
crepant movementpatterns.53Approximately 50%
of recaptured(tagged) fish moved less than 2.5
miles during a 2-year period; the remainderwere
evenly dispersedupstreamand downstreamwith
meandistancesof movementof 5.1 and5.6 miles,
respectively.The greatestdistancesrecordedwere
70 miles downstreamand 155 miles upstream.67
Moves greaterdistancesin the spring than in the
fall, usually moving upstreamin the spring and
downstreamin the fall.~Winter survival is high
and maycauselittle loss in total body weight.a3

DISTRIBUTION AND
OCCURRENCE IN THE
OHIO RIVER SYSTEM
Commonto abundant5’6’t1and distributed almost
uniformly throughouttheOhio River.45 In KY, gen-

erally distributed and common throughout the
state.3 Occurs throughoutIL, abundant in larger
streamsand major rivers.4 In PA, occurs in the
AlleghenyandMonongahelaRivers.7Tn WV, occurs
in the Little KanawhaandKanawhaRivers below
the Falls, possibly native but may be introduced
above the Falls.8’8°Widespreadand abundantin
TN.~’Presentin mostTennesseeRiver systemtrib-
utariesof AL,IOS westernNC,5’ andVA.78

SPAWNING
Location
In cavities under logs, rocks, undercutbanks, or
drift;9’10’25’2~’°8in burrows of muskratsand bea-
vers;25 in artifical nests,such as nail kegs, in
ponds;32at depths ranging from a few inches to
severalfeet;9~°also in smallstreams;5sometimesin
very swift water.’t Successfulspawningin canshas
beenreportedat depthsof 5 m.8’

Season
Late spring in NY;9 June—Augustin upperMissis-
sippi River;65March andApril, but mostlyJuneand
July in SC;14 Juneand July in OK;’5 early to late
June in WI;108 prior to mid-Junein SD;1°May to
July in MO25 andAR;21 sometimeswith two spawn-
ing peaksper season.31Yolk-sac larvae and early
juveniles were collectedmid-May throughAugust
with peaks in JuneandJuly in the Tennesseeand
lower Ohio Rivers;*gravid femalescollectedas late
as August in AL.109 Beginsin late May andpeaks
in late June—earlyJuly in VA.78

Temperature
Between 21 and 29.4°C;Z

9
.
1

a
2

4.sassin TX, usually
between21 and 27°C,with most spawningat
21.7°C,but spawningoccurredat 15.9°C,after the
water temperaturehadexceeded21°C;19optimum
about 27°C;1°in the low to mid-70s (F) in WI.~
Basedon yolk-saclarval and early juvenile collec-
tions,estimatedrangeof spawningtemperaturesis
19—31°C(optimum 22_28oC).*

Fecundity
Females1—4 lbs producedapproximately4000eggs;
estimatedfecundityfor a female660 mmwas34,500
eggs;2otherreportsof 1052’~to 70,QQQttand1500to
52,000.2&4~53In IA, number of eggs per mature
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