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My name is David L. Thomas, and I am Chief of the [llinois Natural History Survey, a
Division of the Department of Natural Resources (Department). [ received my Masters degree in
Ecology from the University of Illinois in 1967, where 1 worked on the Percina darters of the Kaskaskia
River for my thesis. 1completed my PhD from Comnell in 1971 1n Ecology and Systemmatics, and my
thesis was on the drums (Sciaenidae) of the upper Delaware Bay and lower Delaware River, 1 also
taught the laboratories for Ichthyology and Advanced Ichthyology while at Comell, and was curator of

the Cornell fish collection.

This testimony is presented on behalf of the Hlincis DNR and based on my experience as a
trained ichthyologist, on my more than 35 years of evaluating the effects of various environmental
parameters on aquatic biota, and my first-hand knowledge and experience on Illinois fishes. I have
regularly measured DO as part of the physical/chemical parameters measured during field collections,
and have experience evaluating the effects of this parameter on aquatic resources in [llinots, I interact
with our Ichthyologist at the Survey on a regular basis, and have made numerous coliections with him
over the last 5 years. I deal with a variety of 1ssues with our fisheries staff, particularly regarding
invasive species. I have also conducted field work with DNR fisheries staff, and assisted in their basin

surveys.

The present DO standard requires that at no time shali concentrations decline below 5 mg/L and
tfor at least 16 hours each day they must remain above 6 mg/L. The [AWA, based on testimony and
recommendations of Drs. Garvey and Whiles, recommended the following changes to the DO standard:

A 1-day minimum™* of 5.0 mg/L spring through summer (i.e.. March | through June 30)
A 7-day mean** of 6.0 mg/L spring through early summer (i.e. March 1 through June 30)
A [-day minimum of 3.5 mg/L. the remainder of the year (i.e., July | through February 28 or 29)

A 7-day mean minimum*** of 4.0 mg/L the remainder of the year (1.e., July 1 through February
28 or 29)

* I-day minimum is the lowest measured value of DO during a 24-hour calendar day

*¥% Today mean DO Is the average of the daily mean DO values from the current and previons 6
v 83 34 P

calendar days.



wHE 7-day mean minimum is the arithmetic average of the dailv minimum DO values from the current

and previous 6 calendar days.

The DNR believes that while we should recognize that some rivers and streams could maintatn
present aquatic populations under a revised standard like that proposed by the IAWA, there are many
streams and rivers in lllinois that would not be able to maintain present aquatic populations. If one
statewide standard is going to be put into place. 1t needs to be high enough to protect sensitive species.
The TAWA proposal does not accomplish this level of protection. We believe the present standard
should be maintained until it can be demonstrated that the biota in particular water bodies will not be

negatively affected by a lower standard.

Since the second hearing on this matter, conducted on August 12, 2004, the Department has
been actively participating in status conference calls and stakeholder meetings addressing the merits
of the rulemaking proposal. Though the stake holders meetings did not result in an agreed upon
regulatory proposal, it helped the DNR understand the state of knowledge in Hlinois as it relates to

dissolved oxygen and aquatic life needs.

The DO standard in Iilinois needs to account for the natural DO levels in the water body in
question and the presence or absence of DO sensitive species. Initially, the opposite approach was
attempted, that is, to designate streams that needed greater protection than proposed by the IAWA,
however, our level of knowledge of all streams and the species that they contain is not sufficiently
developed to come up with a complete list. Without a complete list of streams needing to maintain at
least the present standard, implementation of alower standard could prove to be detrimental to sensitive
aquatic species. Justification for needing greater protection (than those proposed by the IAWA) of

some of our aquatic resources are presented below.

There are a significant number of rivers and streams in Illinois that contain fish species
considered to be oxygen sensitive (see Table 1). This list represents 25 fish species that are sensitive
to low DO based on life history and distribution data for Illinois (Smith,1979) and Wisconsin (Becker,
1983). These species were considered good indicators for waters that contain DO sensitive aquatic

biota. Other species could be added to this list as indicated below.

A list of 30 “DO" tributaries and 10 “DO” major rivers is contained in Table 2. These were
selected based on the presence of at least 5 DO sensitive indicator fish species for major river
mainstems, and 4 DO sensitive indicator species for tributary streams, and represents the kinds of
streams that would need greater protection than the proposal from IAWA. All streams are perennial
according to 7Q10 flow maps from the lllinois State Water Survey. Rankin recently (2004) provided
data for Ohio that showed that Exceptional Warmwater Habitat streams (described below) maintained

fairly high DO levels and could have 10 or more sensitive species. Those streams with mean DO values



between 6-7 mg/] rarely had more than 5 intolerant species.

The Ohio EPA (1996) made a good rationale for why some warmwater streams needed a greater
level of protection, and higher DO standards, than other warmwater streams. This documentdeveloped
arationale for designation ot DO criteria for Exceptional Warmwater Habitat (EWH), and their standard
for these streams was a 6.0 mg/| daily average and a 5 mg/l minimum. EWH designation was reserved
for waters which support “unusual and exceptional” assemblages of aquatic organisms which are
characterized by a high diversity of species, particularly those which are highly intolerant and/or rare,
threatened, endangered, or special status (i.e., declining species). These waters were characterized by
Index of Biotic Integrity (IBI) values above 46. In a summary of individual Ohio streamis and rivers
(page 17), they state the following: “The results of the comparison of continuously measured D.O. and
EWH attainment in six steams and rivers of varying sizes shows that the latter can be compatible with
minimum D.O. values less than 6 mg/l. However, values less that 5 mg/l were either infrequent. did
not frequently correlate with tull EWH use attainment, or were measured only under extreme low flow
conditions. Thus, the analysis would appear to support a minimum EWH D.O. standard less that 6

mg/l, but not less than 5 mg/l.”

INinois has many strearns that meet the Ohio standard for Exceptional Warmwater Habutat, and
we list 40 of these as “DO sensitive streams” based on the presence of DO sensitive species. Eighteen
of the streams selected had [B1 scores with an average weighted score of 50, Only two of these streams
had an IBI under 46 (one with a value of 40 and one with a value of 43). There were 29 other streams
on the Iarger list provided that had IBI values of over 46, and on closer examination these too might

be considered for greater protection.

There are other fishes found in Illinois, other than those listed in Table 1, that are found in
“higher” DO waters. Rankin (2004) produced a table of various fishes and the weighted mean DO
values at which they were cuaptured. I went through the list and noted all fish species that [ was sure
also occurred in Ulinois that were found at DO levels greater than Smallmouth bass {(which was found
at a weighted mean DO of 6.61 mg/1). This list is included as Table 3, and includes four species (Black
Redhorse, Blacknose Dace, Northern Hog Sucker and Rosyface Shiner) listed as DO sensitive in Table
1. One of the species on this list. the Slenderhead darter, was a species that I had worked on for my
master’s theses at University of Illinois. Ifound in tests I conducted that this species had a higher rate
of respiration, and was found in higher oxygen waters, than the Blacksided darter, another species that
I'studied. In Ohio the weighted mean DO value for all collections of Slenderhead darter was 6.7 mg/l,

whereas it was 5.6 mg/l for Blacksided darter.

The Department has given strong consideration to the Ohio data for this testimony because they
are on the same latitude as much of Illinois, and have many of the same Ohio River drainage fishes as

are found in lilinois. Ohio EPA hus developed one of the better databases that we have found on field



measurements of DO with individual fish collections. The Ohio data corroborates our tield
observations in Illinois, and fish that are DO sensitive in Ohio, will be DO sensitive in llfinois and

across their range.

The IAWA recommended an end date for the sensitive season (spawning and early development
of fish) of June 30 statewide. This date will not be protective of many species that spawn up through
late June, or are summer spawners. Table 4 is a summary of llinois fishes that spawn primarily in the
summer. This list does not include late spring spawners such as Smallmouth bass which may spawn
into late June. It also does not include the Channel catfish, although Simon and Wallus (2003) stated
that yolk-sac larvae and early juveniles were collected mid-May through August with peaks in June and
July in the Tennessee and lower Ohio rivers. Six of the “summer” spawners in Table 4 are afso listed
in Table 3 as being found in Ohio in higher oxygen waters - Emerald shiner, Ironcolor shiner. Bigmouth
shiner, Weed shiner, River redhorse, and Stonecat. One of these spectes, the Bigmouth shiner. was
studied by a student (Clinton Kowalik) at University of [llinois that  helped advise. He found that peak

gonad development occurred on June 26 and small young (under 20mm) were collected in July.

Ohio EPA (19906) stated that while 5mg/l (their recommended minimum for Exceptional
Warmwater Habitat) is more stringent than that proposed by U.S. EPA (1986) for adults and juveniles,
it is necessary to protect younger life stages. They go on to state that “the EWH D.O. criterion that we
propose lies between the U.S. EPA recommended warmwater and coldwater levels (non-embryonic life
stages only) of protection which also seems reasonable given that some of the sensitive warmwater
species that comprise the assemblages representative of EWH may well approach the sensitivity of
salmonids™. With the information provided, it is evident the standard, as propesed. will not be

protective for all the waters of the state,

The Ohio EPA document addresses an issue that we have struggled with in [Hinois. and that is
that there is a group of fishes that fall in DO sensitivity between cold-water and the more typical warm-
water fauna. The Ohio Exceptional Warmwater Habitat category recognizes that a number of species
found in their biologically diverse warm water streams require very good water quality including well
oxygenated waters. We recognize that Itlinois also has waters that could be considered as needing extra
protection because they contain diverse fish populations. threatened and endangered species. and many
DO sensitive species. If one stutewide standard is going to be put in place, then it needs to be high
enough to protect these sensitive species. The IAWA proposal does not accomplish that and should

not be adopted.

The Ohio EPA document cites FWPCA (1968) as stating that “In some cases, good populations
of warmwater fish, including game and pan fishes, occur in waters in which dissolved oxygen may be
as low as 4 mg/| for short periods...(and)...Five and 4 mg/l are close to the borderline of oxygen

concentrations that are tolerable for extended periods. For a good population of game and pan fishes



the concentration should be considerably more than this.”

In light of the above statements it seems particularly important that we provide greater
protection for warm water streams that have high biotic integrity, good game and pan fishes, and

oxygen sensitive fishes.

The focus of this testimony has been on fishes, but there are a number of mussels and other
invertebrates that are also sensitive to low DO (see Rankin 2004). In addition, we have a number of
state threatened and endangered species in Illinois, and for many we know little about their oxygen
requirements. All of the above indicates that we should maintain our present standard, unless we can
show for particular water bodies that a lower standard will not negatively affect aquatic species in that

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

Common Name
American brook lamprey
Banded sculpin

Bigeye chub

Bigeye shiner

Black redhorse
Blacknose dace

Brook stickleback
Fourhorn sculpin
Ironcolor shiner

Least brook lamprey
Longnaose dace
Mottled sculpin
Ninespine stickleback
Northern brook lamprey
Northern hog sucker
Northern pike

Ozark minnow

River redhorse

Rock bass

Rosyface shiner

Slimy sculpin

Southern redbelly dace
Speonhead sculpin
Threespine stickieback
Weed shiner



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

NUMBER OF
HIGH DO HIGH DO
PROPOSED| DO FISH ‘FISH

Do MAJOR DO INDICATOR{ INDICATOR
IB-BASIN CATCHMENT_NAME OR MAINSTEM | WATERS | RIVER |TRIBUTARY | SPECIES SPECIES 1BI
ABASH RIVER MS WABASH RIVER MS X X X 6 53
RMILION (SOUTH) RVR{LITTLE VERMILION (SOUTH} RIVER X X X B 54
RMILION (SOUTH} RVR|VERMILION (SOUTH) RIVER MS X X X 5 48
RMILION (SOUTH) RVR[SALT FORK X X X 5 51
AMILION (SOUTH) RVBIMIDDLE FORK X X X 4 50
ACKINAW RIVER MACKINAW RIVER MS X X X 7 56
ACKINAW RIVER LITTLE MACKINAW RIVER X X X 8
G BUREAU CREEK BIG BUREAU CREEK {MS) X X . X 6 50
RMILION (NORTH) RVR{VERMILION (NORTH)} RIVER MS X X X 5 48
)X RIVER FOX RIVER MS X X X 7 40
X RIVER INDIAN CREEK X X X 4
JX RIVER BIG ROCK CREEK X X X 4
X RIVER NIPPERSINK CREEK X X X 4
\NGAMON RIVER KICKAPQO CREEK X X X 4
\NKAKEE RIVER KANKAKEE RIVER MS X X X 10 50
ANKAKEE RIVER FORKED CREEK X X X 4 46
\NKAKEE RIVER HORSE CREEK X X X 4 50
ANKAKEE RIVER ROCK CREEK X X X 4 50
OQUQOIS RIVER IROQUOIS RIVER MS X X X 5
OQUOIS RIVER BEAVER CREEK X X X 4
CQUOIS RIVER SUGAR CREEK X X X 5
2PLE RIVER APPLE RIVER MS X X X 5
2PLE RIVER FURNACE CREEK X X X 8
2PLE RIVER SOUTH FORK X X X 6
2PLE RIVER CLEAR CREEK X X X 5
JCK RIVER GREEN RIVER X X X 5
DCK RIVER FRANKLIN CREEK X X X 6
JCK RIVER LEAF RIVER X X X 5 50
QOCK 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
QCK 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 KISHWAUKER X X X 6
QCK 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 RWER 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 Winois, and were found at DO levels equivalent to or higher than for
Smallmouth Bass*

Weighted DO Means (Mg/l) for Ohio Streams

Smallmouth Bass 6.61
Central Stoneroller 6.62
Black Crappie 6.63
Golden Redhorse 6.70
Slenderhead Darter 6.71
Siiver Redhorse 6.72
Silverjaw Minnow 6.81
Hornyhead Chub 6.82
Emerald Shiner 6.83
Black Redhorse 6.93
Shorthead Redhorse 5.96
Blacknose Dace 5.96
Northern Hog Sucker 7.02
Rosyface Shiner 7.18
Bigrouth Shiner 7.22
Stonecat Madtom 7.41
River Chub 7.49

*Rankin, E.T. 2004. [Draft] Notes on Associations between Dissolved Oxygen and Fish and
Macroinvertebrate Assemblages in Wadeable Ohio Streams.



Table 4. Summary of the fishes of Illinois thought to spawn through summer (based in

part on Smith 1979. The Fishes of Illinois)

Table 1. List of summertime (June —August) fish spawners in Illinois.

Scaphiriiynchus albus

Lythrurus fumeus

Pallid shiner Ribbon shiner
Dorosoma cepedianum Lythrurus umbratilis
Gizzard shad Redfin shiner

Notemigonus crysoleucas
Golden shiner

Pimephales notatus
Bluntnose minnow

Macrhybopsis hyostoma Pimephales promelas

Shoal chub Fathead minnow
F’latygobio gracilis Pimephales vigilax

Flathead chub Bullhead minnow

Phenacobius mirabilis
Suckermouth minnow

Carpiodes carpio
River carpsucker

Notropis atherinoides
Emerald shiner

Carpiodes velifer
Highfin carpsucker

Notropis blennius
River shiner

Moxostoma carinatum
River redhorse

' Notropis boops
Bigeye shiner

Noturus flavus
Stonecat

Notropis buchanani
i Ghost shiner

Fundulus olivacets
Spotted topminnow

( Notropis chalybaeus
| Ironcolor shiner

Gambusia affinis
Western mosquitofish

Notropis dorsalis
Bigmouth shiner

Labidesthes sicculus
Brook silverside

Notropis heterodon
Blackchin shiner

Menidia beryilina
Inland silverside

Notropis shumardi
Silverband shiner

Lepomis cyanellus
Green sunfish

Notropis stramineus
Sand shiner

Lepomis gibbosus
Pumpkinseed

Notropis texanus
Weed shiner

Lepomis gulosus
Warmouth |

Opsopoeodus emiliae
Pugnose minnow

Lepomis humilis
Orangespotted sunfish

Cyprinella lutrensis

Lepomis miniatus

Steelcolor shiner

Red shiner Redspotted sunfish
Cyprinella spiloptera Ammocrypta clara
Spotfin shiner Western sand darter
Cyprinella whipplei
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coted if this resource is f¢ be preserved:
1) Inland troui streams, headwaters
{rcams, trout and saimon ilakes and reservo
‘wpolimnior of lakes and reservoirs ceniafning
monids should not be warmed. N¢ heated efi
hould be discharged in the vicinity of spawning areos.
-or other tvpes and reaches of cold-waier

recommended.

£2) During any month of the yesr, fezg shouid ;
re added to & stream in excess ¢f the amount that wiil
aise the temperature of the mere thar I T
‘nased on the minimum expeciad fiew for that momh).
it lakes and reservoirs, the temperature 2f the =zr
fimnion should not be raised more than 3 F by ihe ag-
Jdition of heat of artificial origin.

(3) The normal dailv and seasonai temperature
liuctuations that existed before the addition of heat du
io other than naturzal causes shouid be mainiained.

(4) The recommended maximum: temperatures that
are not to be exceeded for various species of ¢oic water
lish are given in table 1H-1.

iosas
W BAET

Nore—For streams, totai added heatr {in BTU's,
might be specified as an allowable increase in tempera-
ture of the minimum daily fiow expected for the montn
or period in question, This would allow additicn of =
vonstant amount of heat throughout the period. Ap-
proached in this way for all periods of the vear, sea-
sonal variation would be maintained. Feor iakes the
siluation Is more complex and cannot be specified in
~imple terms. '

TABLE Hi-:

''rpvisional maximum temperatures recommended as compzti-
ble with the well-being of various species of fish anc
their associated biotal

" FD Growth of catfish, gar, white or yellow bass,
spotted bass, buffalo, carpsucker, threadfin shad,
and gizzard shad.

M} F. Growth of largemouth bass, drum, bluegill, and
crappie.

A F. Growth of pike, perch, walleye, smalimouth bass,
and sauger.

L F: Spawning and egg development of catfish,

__buffalo, threadfin shad, and gizzard shad.

'S F: Spawning and egg development of largemouth
bass, white, yellow, and spotted bass,

03 F: Growth or migration routes of salmonids and for
egg development of perch and smallimouth base.

5 F: Spawning and egg development of salmon znad
trout (other than lake trout).

18 F: Spawning and egg developmeni of izke trout,
walleye, northern pike, sauger, anc Atizntic
salmon.

i"iote.—-—ﬁecommeﬂded temiceratures icr oiner species, ncy
ted above, may be established if zad when rnecessery in-
wrmation becornes avaiizble.

Dissolved oxvgen

Oxygen requirements of
~xtensively studiec, Excel

g OXvgern recuir
ceals with fsz, tur
guatic species 7o

o

] i fer Gshowould serve &
or the rest of the com v, The fish themse,
czn be grouped iInfc thies categories acecrding oo
their temperature anc OXygen requirements:
{1 the cold-water fish {e.g., salmon and trout},
{23 the warm-water ganic and pan fish {e.g., bass
and sunfish). and (3 thc warm-waier “coarse”
fish (e.g., carp and pbufialc). The coid-water fish,
seem to require higher crygen concenirations than
the warm-water varieties. The reason is not knowr,
but it may be reiated io the fact that, for half
saturation, trout hemoglobin requires an oxygen
partial pressure three or four times that required
by carp hemoglebin under similar circumstances.
Warm-water game and par. fish seem to require a
higher concentration than the “coarse” fish, prob-
ably because the former are more active and
predatory.

Relatively little of the research on the oxypen
requirements of fish in any of these three categorics
is applicable tc the proviem oi establishing oxvgen
criteriz because the endpoints have usually been
too crude. 1t is useless in the present context tc
know how long an animal can resist death by as-
phyxiation at low dissolved oxygen concentrations;
we must know instead the oxygen concentration
that will permit an aquatic population to thrive. We
need data on the oxvgen requirements for egg de-
velopment, for newly hatched larvae, for normal
growth and activity, and for completing all stages
of the reproductive cycte. Jt is only recently that
experimental work has been undertaken or tie
effects of oxvgen concentration on these more
subtle endpoints, As yei, only & few species have
been studied.

One of the first signs that a fish is being affected
by a reduction of disselvea oxygen (DC) concen-
tration is an increase in the rate at which it verti-
iates itc gills, g process accomplished in part by ar
increase it the freguency of the opercuiar move-
ments. The half cdozer ar so species (chiefiv
warm-water game and pan fAsht that heve beer
: aificant incresse in

v oen

¥

guency as the QO concentration is reduced from
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L

(=i abovt 7L T and & greater increase
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from 5 to 4 mg/1. If the opercular rate is taken as
the criterion by which the adequacy of an oxygen
concentration is to be judged, then such evidence
as we have indicates 6 mg/l as the required dis-
solved oxygen concentration. Several fieid studics
have shown. however, that good and diversified
fish populations can occur in waters in which the
dissolved oxygen concentration is between 6 and
5 mg/l in the summer, suggesting that a minimum
of 6 mg/1 is probably more stringent than neces-
sary for warm-water fishes. Because the oxvgen
content of a body of water does not remain con-
stant, it follows that if the dissotved oxygen is
never less than 5 mg/1 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 dissolved oxygen may
be as low as 4 mg/t for short periods. Three mg/]
is much too low, however, if normal growth and
activity are to be maintained. 1t has been reported
that the growth of young fish is slowed markedly if
the oxygen concentration falls to 3 mg ! for part
of the day, even if it rises as high as 18 mg/] at
other times, It is for such reasens as this that oxy-
gen criteria cannot be based on averages. Five and
4 mg/1 are close to the borderline of oxvgen con-
centrations that are tolerable for extended periods.
For a good population of game and pan fishes,
the concentration should be censiderably more
than this.

The requirements of the different stages in the
life cycles of aquatic organisms must be taken iatc
account. An oxygen concentration that can be
tolerated by an adult animal, with fully developed
respiratory apparatus, less intense metabolic re-
quirements, and the ability to move awav from
adverse conditions, could easily be too low for eggs
and larval stages. The eggs are especizaliy vulner-
able to oxygen lack because they have to depend
uvpon oxygen diffusing into them at a rate sufficient
to maintain the developing embrycs. Hatching,
too, is a critical time; recently hatched voung need
relatively more oxygen than adults, but until they
become able to swim for themselves (unless they
are in flowing water) they must depend upon the
oxygen supply in the limited zone around them.
These problems are not as great among species
that tend their eggs and young, suspend their eggs
from plants, or have pelagic eggs, as they are for
salmonids. Salmonids bury their eggs in the gravel
of the stream away from the main flow of the water
thereby requiring a relatively high oxvgen concen-
tration in the water that does reach them.
Recommendation: In view of the above considerations

and with the proviso that future research may make
reviston necessary, the following environmental con-
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ditions are considered essentizl for maintaining N
tive populations of fish and other aquatic life:

1) For a diversified warm-water biota, includir
game fish, daily DO concentration sheould be abor
£ mg/l, assuming that there are normal seasonal ar
daily variations above this concentration. Under e
ireme conditions, however, and with the same stipul.
tion for seasonal and daily fluctuations, the DO me
range between 5 mg/l and 4 mg/1 for short periods
time, provided that the water quality is favorable
ali other respects. In stratified eutrophic and dystroph
Inkes, the DO requirements may not apply to it
hypelimnion. In shallow unstratified lakes, they shou
applyv to the entire circulating water mass.

These requirements should apply to all waters e
cept administratively established mixing <cnes. In lake
such mixing zones must be restricted so as to limit 1
eftect on the biota. In streams, there must be no bloc
to migration and there must be adequate and sa
passageways for migrating forms. These zones of pa
sage must be extensive enough so that the majority
planktoen and other drifting organisms are protectt
tsee seclion on zones of passage).

(2 For the cold water biota, it is desirable that D
voncentrations be at or near saturation. This is esp
cially imporiant in spawning areas where DO leve
must not be below 7 mg/! at any time. For good grow
and the general well-being of trout, salmon, and oth
species of the biota, DO concentrations should not |
below 6 mg/l. Under extreme conditions they mu
range between 6 and 5 mg/1 for short periods provide
that the water quality is favorable and normal dai
and seasonal fluctuations occur. In large streams th
lave some stratification or that serve principally as o
cratory routes, DO levels may be as low as 5 mg/1 ©
periods up to 6 hours, but should never be below
mg/ 1 at any time or place.

(3} DO levels in the hypolimricn of oligotropl
small inland lakes and in large izkes should not !
lowered below 6 mg/] at any time due to the additic
of oxygen-demanding wastes or other materials,

Carhon dioxide

An excess of “free’” carbon dioxide (as disti
guished from that present as carbonate and bica
bonate) may have adverse effects on aquatic ar
mals. These effects range from avoidance reactio:
and changes in respiratory movements at low co
centrations, through interference with gas e
change at higher concentrations, to narcosis al
death if the concentration is increased further. T!
respiratory effects seem’ the most likely to be
concern in the present connection.

Since the carbon dioxide resulting from met
holic processes leaves the organisms by diffusio
an increase in external CO, concentration w
make it more difficult for it to diffuse out of tl
oreanism, Thus, it begins to accumulate internall
The consequences of this internal accumulatic
are best known for fish, but presumably the prim
nles are the same for other organisms. As the C(
accumulates, it depresses the blood pH, and tt
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NOTICE TO USERS

Ohio EPA incorporated biological criteria into the Ohio Water Quality Standards (WQS; Ohio
Administrative Code 3745-1) regulations in February 1990 (effective May 1990). These criteria
consist of numeric values for the Index of Biotic Integrity (IBI) and Modified Index of Well-Being
(MiIwb), both of which are based on fish assemblage data, and the Invertebrate Community Index
(ICT), which is based on macroinvertebrate assemblage data. Criteria for each index are specified
for each of Ohio's five ecoregions (as described by Omernik 1987), and are further organized by
organism group, index, site type, and aquatic life use designation. These criteria, along with the
existing chemical and whole effluent toxicity evaluation methods and criteria, figure prominently
in the monitoring and assessment of Ohio’s surface water resources.

The following Ohio EPA documents support the use of biological criteria by outlining the
rationale for using biological information, the methods by which the biocriteria were derived and
calculated, the field methods by which sampling must be conducted, and the process for
evaluating results:

Ohio Environmental Protection Agency. 1987a. Biological criteria for the protection of aquatic
life: Volume I. The role of biological data in water quality assessment. Division of Water
Qual. Monit. & Assess., Surface Water Section, Columbus, Ohio.

Ohio Environmental Protection Agency. 1987b. Biological criteria for the protection of aquatic
life: Volume II. Users manual for biological field assessment of Ohio surface waters.
Division of Water Qual. Monit. & Assess., Surface Water Section, Columbus, Ohio.

Ohio Environmental Protection Agency. 1989b. Addendum to Biological criteria for the
protection of aquatic life: Volume II. Users manual for biological field assessment of
Ohio surface waters. Division of Water Qual. Plan. & Assess., Ecological Assessment
Section, Columbus, Ohio.

Ohio Environmental Protection Agency. 1989¢c. Bioclogical criteria for the protection of aquatic
life: Volume IIl. Standardized biological field sampling and laboratory methods for
assessing fish and macroinvertebrate communities. Division of Water Quality Plan. &
Assess., Ecol. Assess. Sect., Columbus, Ohio.

Ohio Environmental Protection Agency. 1990. The use of biological criteria in the Ohio EPA
surface water monitoring and assessment program. Division of Water Qual. Plan. &
Assess., Ecol. Assess. Sect., Columbus, Ohio.

Rankin, E.T. 1989. The qualitative habitat evaluation index (QHEI): rationale,methods, and
application. Division of Water Qual. Plan. & Assess., Ecol. Assess. Sect., Columbus,
Chio.
iii
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Since the publication of the preceding guidance documents new publications by Ohio EPA have
become available. The following publications should also be consulted as they represent the
latest information and analyses used by Ohio EPA to implement the biclogtcal criteria.

DeShon, J.D. 1995, Development and application of the invertebrate community index (ICI),
pp. 217-243. in W.S. Davis and T. Simon (eds.). Biological Assessment and Criteria:
Tools for Risk-based Planning and Decision Making. Lewis Publishers, Boca Raton, FL.

Rankin, E. T. 1995. The use of habitat assessments in water resource management programs,
pp. 181-208. in W, Davis and T. Simon (eds.). Biological Assessment and Criteria:
Tools for Water Resource Planning and Decision Making. 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
Assessment and Criteria: Tools for Water Resource Planning and Decision Making.
Lewis Publishers, Boca Raton, FL.

Yoder, C.O. and E.T. Rankin. 1995. Biological response signatures and the area of degradation
value: new tools for interpreting multimetric data, pp. 263-286. in W. Davis and T.
Simon (eds.). Biological Assessment and Criteria: Tools for Water Resource Planning
and Decision Making. Lewis Publishers, Boca Raton, FL.

Yoder, C.O. 1995. Policy issues and management applications for biological criteria, pp. 327-
344. in W, Davis and T. Simon (eds.). Biological Assessment and Criteria: Tools for
Water Resource Planning and Decision Making. Lewis Publishers, Boca Raton, FL.

Yoder, C.O. 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 Business Law, Santa Monica, CA. 54 pp.

These documents and this report can be obtained by writing to:

Ohio EPA, Division of Surface Water
Monitoring and Assessment Seciion
1685 Westbelt Drive
Columbus, Ohio 43228-3809
(614) 728-3377

v
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Several of the major water quality criteria compendia (e.g., U.S. EPA 1986) were also examined
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 presented by U.S. EPA (1986) there is also justification for bringing the Cold
Water Habitat (CWH) D.O. criterion (presently 6 mg/l 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 are consistent with the hicrarchy of D.O. criteria between the
WWH, MWH, and LRW use designations. The adoption of a 6 mg/l daily average, 5 mg/l
minimum two-number D.O. criterion for EWH and a 7 mg/l daily average, 6 mg/l minimum two-
number D.O. criterion for CWH is supported by the scientific evidence (both field and
laboratory) examined by this study.

vi
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Summary and Conclusions

The principal objective of this study is to present a rationale for revising the existing 6 mg/l
minimum dissolved oxygen (D.0.) criterion for the Exceptional Warmwater Habitat (EWH) use
designation. The need for a revised EWH D.O. criterion has been recognized by Ohio EPA for
more than a decade. D.O. criteria have traditionally been expressed as a period average (usually
daily) along with a minimum below which D.O. values should not fall. The need for both is
evident in the literature on the effects of D.O. on aquatic life. Such a two-number criterion is
exemplified by the current Warmwater Habitat (WWH), Modified Warmwater Habitat (MWH),
and Limited Resource Water (LRW) D.O. criteria, an approach which is recognized as
appropriate by U.S. EPA (1986). Unlike these criteria, the existing EWH and Coldwater Habitat
(CWH) D.O. criteria were adopted in 1978 as minimum only values. One reason cited by Ohio
EPA for needing a two-number D.O. criterion, the daily average value in particular, was a more
meaningful target for steady-state D.0O. modeling efforts. The very nature of D.O. regimes in
warmwater rivers and streams also substantiates the need for a two-number criterion. D.O.
concentrations are subject to natural, diel changes which are influenced by the daily cycles of algal
photosynthesis and respiration. The magnitude of change between the minimum and maximum
D.O. during any 24-hour period is dependent on several factors including flow, ambient
temperature, solar insolation, and the abundance and activity of photosynthetic algae and/or
higher aquatic plants. In the warmwater rivers and streams of Ohio and the midwest U.S. a diel
swing of as much as 3-5 mg/l may be considered “typical” during normal summer low flow and
ambient temperature conditions. Thus, the relationship of the dynamic D.O. regime to an average
value over a 24-hour period is as important as the minimum.

The need for a revised EWH D.O. criterion is also indicated by the frequent and widespread
observation of full attainment of the EWH biological criteria where D.O. values less than the
current 6.0 mg/l (minimum) criterion have been measured. The results of comparing continuously
measured D.O. data and EWH use attainment in six streams and rivers of varying size shows that
the latter is compatible with D.O. values less than 6 mg/l. However, values less than 5 mg/1 were
either infrequent, did not correlate with full EWH use attainment, or were measured only under
extreme low flow conditions. The results of this analysis tends to support a minimum EWH
D.O. criterion of less than 6 mg/], but not less than 5 mg/1.
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Justification and Rationale for Revisions to the Dissolved Oxygen
Criteria in the Ohio Water Quality Standards

Chris O. Yoder
Ohio EPA, Division of Surface Water
Monitoring & Assessment Section
1685 Westbelt Drive
Columbus, Ohic 43228

Introduction

The Ohio Water Quality Standards (WQS; Ohio Administrative Code 3745-1) consist of
designated uses and chemical, physical, and biological criteria designed to represent measurable
properties of the environment that are consistent with the goals specified by each use
designation. Use designations consist of two broad groups, aquatic life and non-aquatic life uses.
In applications of the Ohio WQS to the management of water resource issues in 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
throughout Ohio are currently defined in the Ohio WQS. A brief description of each follows:

1} Warmwater Habitat (WWH) - this use designation defines the “typical” warmwater
assemblage of aquatic organisms for Ohio rivers and streams and represents the principal
restoration target for water resource management efforts.

2) Exceptional Warmwater Habitat (EWH) - this use designation is reserved for waters which
support “unusual and excepttonal” assemblages of aquatic organisms which are characterized
by a high diversity of species, particularly those which are highly intolerant and/or rare,

threatened, endangered, or special status (i.e., declining species); this designation usually
represents a protection target for water resource management efforts.

3) Coldwater Habitat (CWH) - this use is intended for waters which support assemblages of
cold water organisms and/or those which are stocked with salmonids with the intent of
providing a put-and-take fishery on a year round basis which is further sanctioned by the
Ohio DNR, Division of Wildlife; this use should not be confused with the Seasonal Salmonid
Habitat (SSH) use which applies to the Lake Erie tributaries which suppor periodic “runs”
of salmonids during the spring, summer, and/or fall.

4y Modified Warmwater Habitar (MWFH) - this use applies to streams and rivers which have
been subjected to extensive, maintained, and essentially permanent hydromodifications such
that the biocriteria for the WWH use are not attainable; the representative aquatic
assemblages are generally composed of species which are tolerant to low dissolved oxygen,
sift, nutrient enrichment, and poor quality habitat.
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5) Limited Resource Water (LRW) - this use applies to streams (usually <3 mi.2 drainage area)
which have been irretricvably altered to the extent that no appreciable assemblage of aquatic
life can be supported; such streams gencrally occur in extensively urbanized areas and/or
completely lack water during normally recurring dry weather periods; other waters subjected
to acidic runoff from past surface mining activities may also be designated LRW.

Chemical, physical, and/or biological criteria are generally assigned to each use designation in
accordance with the broad goals defined by each. As such the system of use designations
employed in the Ohio WQS constitutes a “tiered™ approach in that varying and graduated levels
of protection are provided by each. This hierarchy is especially apparent for parameters such as
dissolved oxygen, ammonia-nitrogen, temperature, and the biological criteria. For other
parameters such as heavy metals, the technology to construct an equally graduated set of criteria
has been lacking, thus the same criteria may apply to two or more different use designations.

Dissolved Oxygen Criteria

Dissolved oxygen (D.0O.} is one of the most important parameters in the protection and
management of aquatic ecosystems since all of the higher life forms (ie., vertebrates.
macroinvertebrates [including Unionidae]) are dependent on minimum levels of oxygen not only
for survival, but critical life cycle functions such as growth, maintenance, and reproduction. As
such, the D.O. criteria for each of the beneficial aquatic life uses! have been established in light of
these protection end points. The D.O. criteria for the MWH and LRW use designations (Ohio
EPA 1987a) are designed to maintain generally tolerant and lower value aquatic assemblages and
for the prevention of nuisance conditions (e.g., anoxia, odors, fish kills). The current D.O.
criteria for each aquatic life use designation is listed in Table 1. The principal objective of this
analysis is to present a rationale for revising the D.O. criterion for the Exceptional Warmwater
Habitat (EWH) use designation. However, the lack of a daily average D.O. criterion for the Cold
Water Habitat (CWH) use designation was also examined.

The Need for A Revised EWH D.O. Criterion

The nced for a revised D.O. criterion for the EWH use designation has been sporadically
recognized and considered by Ohio EPA for more than a decade. Dissolved oxygen (D.O.)
criteria have traditionally been expressed as a period average (usually daily) along with a
minimum below which D.O. values should not fall. This is exemplified by the current WWH,
MWH, and LRW D.O. criteria (Table 1}, an approach which is also recognized as appropriate by
U.S. EPA (1986). The current WWH D.O. criterion was originally adopted in the 1985 revisions

! A beneficial use meets either the interim fishable/swimmable or biological integrity goals specified by the Clean
Water Act (Section L01[1][2]). In the Ohio WQS, the following aquatic life uses are considered beneficial:
EWH, WWH, and CWH.
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Table 1. Current dissolved oxygen (D.0.) criteria for the major aquatic life use designations as
presently codified in the Ohio Water Quality Standards (WQS: Ohio Administrative
Code 3745-1).

Daily Aver- Minimum
Use Designation age (mg/l) {(mg/1) Protection Endpoint

Coldwater Habitat - 6.0a Coldwater organisms;
periodic stocking of
salmonids (maintenance,
growth).

Exceptional Warmwater - 6.0a Highly sensitive aquatic
organisms; growth and
reproduction of recreationally
and commercially important
species; maintenance of
populations of imperiled
species.

Warmwater Habitat 5.0 4.0 Maintenance of typically
' representative warmwater
aquatic organisms and
recreationally important
species.

Modified Warmwater 4.0 30 Maintenance of moderately
and generally tolerant species
which are common in highly
modified stream habitats.

Limited Resource Water 3.0 20 Prevention of nuisance
conditions {odors, anoxia,
acute toxicity).

a the present criterion is expressed as a minimum value only - no average is specified.
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to the Ohio WQS and emanated from the original introduction of tiered aquatic life uses in the
1978 WQS revisions. The current MWH and LRW criteria were adopted in the May 1990
revisions to the Ohio WQS. The existing EWH and CWH D.O. criteria were adopted in 1978 as
minimum only values.

The need for a “two-number” D.O. criterion for each designated aquatic life use was recognized
when Ohio EPA initiated the adoption of two-number criteria for most of the heavy metals and
other toxic constituents for which a sufficient database existed (IOC by Dick Robertson dated
August 8, 1983). The principal reason cited was that a two-number criterion, the daily average
value in particular, would result in a more meaningful target for the steady-state D.O. modeling
efforts which were widely employed by Ohio EPA in the early and mid 1980s. The present
policy employed for water quality modeling is to target a daily average criterion value under an
assumed set of critical, steady-state stream flow and discharge conditions. In the case of the
existing D.O. criteria for EWH and CWH, a default value 0.5 mg/l above the daily minimum
criterion is used as the target for steady-state modeling efforts. However, an average criterion is
best suited for the steady-state modeling techniques which are commonly employed in the
wasteload allocation process.

In addition to the aforementioned practical reasons for a two-number criterion for'B:0., the very
nature of D.O. regimes is more amenable to this type of approach. D.O. concentrations are
subject to natural, diel changes which are influenced by the daily cycles of algal photosynthesis
and respiration.” The highest D.O. values in a 24-hour period occur during the daylight hours
(usually in the late afternoon) and the lowest values occur in the early morning, pre-dawn hours.
This naturally occurring cycle is sometimes referred to as the “diel D.O. swing”. The extent or
size of the “swing” between the 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 abundance and activity of photosynthetic algal
and/or higher aquatic plants. In Ohio’s warmwater rivers and streams, a diel swing of as much as
2-4 mg/1 may be considered “typical” during normal summer low flow and ambient temperature
conditions. Variations outside of this range likely signify increased nutrient enrichment and the
potential for negative effects to aquatic life, particularly for the most sensitive assemblages (i.e.,
those representative of EWH). However, the relationship of the dynamic D.O. regime to an
average value over a 24-hour period is also important. Thus, in using ambient D.O. data to
analyze the causes of aquatic life use impairment, it is also important to consider the average in
relation to minimum and maximum values and the width of the diel variation.

The need for a revised D.O. criterion for the EWH use designation is also evident in the repeated
observation of full attainment of the EWH biological criteria when D.O. values less than the
current 6.0 mg/l (minimum) criterion have occurred. Several examples from the Ohio EPA
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biclogical and water quality assessment database were used to illustrate this point.

Rationale for the Current EWH D.O. Criterion

In attempting to determine the origin of the current 6 mg/l minimum criterion, several sources
were consulted. The Chio EPA WQS files contained little explicit information about the origins
of the 6 mg/l criterion and much of the documentation found pertained to justifications for the 5
mg/l average/4 mg/l minimum criterion for the WWH designation. There were references to the
CWH and EWH D.O. criteria needing to bc more stringent than WWH . . | in order to give
protection to more sensitive fish species” (IOC by Bob Monsarrat dated February 8, 1978).
Ohio has had a 6 mg/1 criterion (applied to specific rivers and streams) since 1967 (Ohio Water
Poll. Contr. Bd. Resolutions), but the origins and level of protection specified remain unclear.

Some of the contemporary water quality criteria compendia of that time period allude to the
range of D.O. between 5 mg/l and 6 mg/] as being a critical threshold for sensitive fish species,
especially coldwater species (FWPCA 1968). This same study also established a hierarchy of
decreasing sensitivity from coldwater fish (e.g., salmon, trout) to warmwater game and pan fish
{e.g., bass, sunfish) to warmwater “coarse” fish (e.g., carp, buffalo). While some of these
categorizations do not necessarily parallel a species sensitivity (i.e., “coarse” fish, several of
which are actually sensitive species) the hierarchy remains an appropriate way to categorize
levels of protection consistent with that specified by the Ohio EPA aquatic life uses (e.g.,
CWH>EWH>WWH>MWH>LRW). Thus, a hierarchical set of D.Q. criteria consistent with the
hierarchy of the designated aquatic life uses seems appropriate.

None of this, however, sheds much more than indirect light on the origins of the EWH 6 mg/l
minimum D.O. criterion. The FWPCA (1968) summary on D.0O. was one of the documents
available to Ohio EPA to support the development of the 1978 WQS which is where the EWH
D.O. minimum of 6 mg/1 first appeared. This study indicates that one of the first signs of stress
on fish from declining D.O. concentrations is increased respiration {i.e., gill movement) and that
this becomes evident for the “half-dozen or so warmwater game and pan fish™ as D.O. is reduced
trom 6 mg/! to 5 mg/l and the effects are further exacerbated from 5 mg/l to 4 mg/l. However, the
FWPCA (1968) report also stated the following:

“Several field studies have shown that good and diversified fish populations can occur in
waters in which the dissolved oxygen concentration is between 6 and S mg/l in the
sumnmer, suggesting that a minimum of 6 mg/l is probably more stringent than necessary
for warmwater fishes (italics added). Because the oxygen content of a body of water does
not remain constant, it follows that if the dissolved oxygen is never less than 5 mg/l it
must be higher part of the time. In some cases, good populations of warmwater fish,
including game and pan fishes, occur in waters in which the dissolved oxygen may be as
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low as 4 mg/1 for short periods . . . (and) . . . Five and 4 mg/1 are close to the borderline of
oxygen concentrations that are tolerable for extended periods. For a good population of
game and pan fishes the concentration should be considerably more than this.”

The recommendations forthcoming from the FWPCA (1968) were 5 mg/i for a diversified
warmwater biota assuming that there are normal seasonal and daily variations above this
concentration. The D.O. could range between S and 4 mg/1 for “short periods of time” provided
other water quality conditions are favorable. However, the growth of young fish was markedly
impaired if the D.O. dropped to 3 mg/l even for a part of the day when maximum values as high
as 18 mg/l occurred. This is one of the reasons cited for needing a daily mintmum criterion in
addition to an average.

Based on an examination of Ohio EPA files and conversations with some of the key staff who
developed the 1978 WQS (R. Shank, pers. comm.) the origin of the 6 mg/l minimum criterion was
based on assuring the protection of a set of ecological values that were higher than “typical™ (i.e.,
WWH). Given that the tools and techniques now available to discriminate between the WWH
and EWH uses were lacking, it is not surprising that a clear justification for the 6 mg/l criterion
cannot be found. In one sense, the 6 mg/l minimum was largely a best professional judgement
decision employing a generous margin of safety given the resource value implied by EWH. Thus,
the proposed minor adjustment to the original 6 mg/l minimum criterion seems justified given the
existence of new information resulting from the availability of improved assessment tools (i.e.,
multimetric biological indices, biological criteria, etc.) and databases 18 years hence.

Rationale for A Revised EWH D.O. Criterion

Part of the rationale for a revised EWH D.O. criterion is based largely on the observation of full
attainment of the EWH biological criteria under D.O. regimes which include minimum daily
values less than 6 mg/l. Other information including the U.S. EPA Ambient Water Quality
Criteria for Dissolved Oxygen {U.8. EPA 1986) was also examined to verify the efficacy of this
criterion revision.

Analysis of the Statewide Database

One approach used to determine the appropriateness of the proposed EWH D.O. criterion was
to examine the Ohio EPA statewide database for D.O. and biological community performance
indicators (i.e., Index of Biotic Integrity, Invertebrate Community Index). This was accomplished
by plotting various expressions of D.O. levels (raw values, means, percentiles) in Ohio rivers and
streams against the biological indices which comprise the Ohio EPA biological criteria (Ohio EPA
1987b, 198%9a,b). After examining a number of different statewide comparisons, three stood out
as offering both meaningful and representative information.



MAS/1995-12-5 D.0. Criteria Revision Justification January 31, 1996

Raw D.O. values (instantaneous measurements) from the statewide database spanning the period
of 1981-1992 were plotted against the Index of Biotic Integrity (IBI} values recorded at linked
locations (i.e., the D.O. value was deemed representative of the biological sampling location).
The resultant scatterplot (Figure 1, upper tier) reveals a cluster of data points which we term a
“wedge” of data points. The left surface of the wedge represents a boundary between which IBI
values representative of a given level of biological community performance at a given D.O.
concentration have been observed to occur. A 95% line of best fit was drawn across the left
surface boundary with 5% of the data points falling to the left of the line (Figure 1). The 95%
line corresponds to the lowest D.O. value at which a given level of biological community
performance as measured by the IBI has regularly occurred - coincidences of D.O. and IB1 values
to the left of this line are by comparison rare. Thus, any proposed “new” criterion for D.O. can
be evaluated for precedence against this historically and spatially robust database. As such this
represents a “one-sided” analysis in that a proposed criterion can be evaluated to determine if it
is under-protective moreso than evaluating if it is over-protective.

Shaded arcas representing the boundaries of “representative” numerical biological criteria for the
respective EWH, WWH, and MWH aquatic life uses were superimposed on the scatterplot to
determine the D.O. levels at which attainment or non-attainment of these criteria have been
observed. The existing 4 mg/l minimum D.O. criterion for the WWH use and the proposed 5 mg/l
minimum for the EWH use were also superimposed to determine the D.O. concentrations at
which IBI values consistent with the attainment of each use designation occurred. The results
indicate that 1BI values consistent with the EWH use designation at D.O. concentrations as low
as S mg/l have precedence with some sporadic occurrences less than 5 mg/l (Figure 1, upper tier).
A similar plot of median D.O. values (Figure 1, lower tier) shows that EWH attainment with
median D.O. values as low as 6 mg/l also has precedence. Figure la is a box-and-whisker plot
analysis by narrative biological performance ranges (/.e., exceptional, good, fair, poor, and very
poor) of the IBI showing the median, 10th, 25th, 75th, and 90th percentiles, and outliers for 10th
percentile D.O. values. This analysis shows that the proposed 5 mg/l minimum corresponds to
exceptional performance at the 10th percentile of D.O. values. The majority of the D.O. data in
Figure | are comprised of daytime readings meaning that potentially lower readings, which would
occur in the early moming hours, are not well represented. Thus, minimum daily values lower
than those in Figures 1 and la probably occurred at the sites where full attainment of the EWH
use was observed. As such, Figures | and la represent conservative analyses in that the data
points do not necessarily represent all of the daily minimum values which likely occurred. While
these analyses alone are not entirely conclusive regarding the efficacy of the proposed 6 mg/l
average/5 mg/l minimum EWH D.O. criterion, the occurrence of daytime D.O. values less than
the present 6 mg/l minimum criterion with full attainment of the EWH use is certainly not
unprecedented in a historically, spatially, and observationally (n=14,992) robust database.
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Observations in Individual Rivers and Streams

Another analysis undertaken in this study was an examination of the occurrence of attainment of
the EWH biocriteria in designated (or recommended) EWH streams and rivers with an adequate
continuous D.O. database. This analysis provides a comparison of the IBI and Invertebrate
Community Index {(ICI; DeShon 1995; Ohio EPA 1987a, 1989) with the D.O. results obtained
using Datasonde continuous monitors. Information from six streams and rivers either presently
designated as EWH {or wherc the biological data indicates a redesignation to EWH is
appropriate) was examined. These represent a cross-section of different stream and river sizes as
well. Full attainment of the EWH use designation over an extended length of river or stream
and/or over multiple years under D.O. levels which are periodically below the present 6 mg/l
minimum D.O. criterion represents additional evidence that the criterion should be revised.

Scippo Creek

Scippo Creek is a small tributary of the Scioto River located within the Eastern Corn Belt Plains
(ECBP) ecoregion (Omermik and Gallant 1988) and drains 52 square miles of land area. Land use
is predominantly row crop agriculture and one major point source (PPG Industries) discharges to
the mainstem. Based on results obtained through monitoring conducted in 1992 and 1993,
Scippo Creek is being recommended for redesignation as EWH. Both the IBI and ICI attain the
EWH biological criteria at nearly all sites sampled, thus meeting the Ohio EPA requirement that
the ability to attain EWH be demonstrated (Figure 2; Ohio EPA 1987b). Continuous D.O.
readings taken in August 1993 indicate that minimum values below 6 mg/l occurred at most sites.
No values below 5 mg/l were observed.

Big Darby Creek

Big Darby Creek is a major tributary of the Scioto River located within the Eastern Corn Belt
Plains (ECBP) ecoregion (Omernik and Gallant 1988) and drains approximately 560 square miles
of land area. Land use is predominantly row crop agriculture, but several small point sources
(mostly WWTPs) discharge to the mainstem and tributaries. The existing use designation of the
mainstem is EWH with the exception of the extreme headwaters which are designated as WWH.
Big Darby Creek has long been recognized for supporting an unusually diverse and unique
assemblage of aquatic life and is a nationally designated Scenic River and one of The Nature
Conservancy’s “Last Great Places”. Biological performance as measured by the IBI and ICI
indicate that the biological criteria for the EWH are largely met with the exception-ofocalized
reaches of impairment (Figure 3). The latest contiguous set of data (1992) indicates the strongest
showing of full attainment and show the highest biological index scores to occur in the tower 40-
50 miles of the mainstem. Several sets of continuous D.O. data have been collected between
1988 and 1992. The D.O. data collected in August 1992 covers the longest reach, but represents
an elevated flow year (Figure 4). The D.O. data collected in 1988 represents the opposite
extreme as critically low flows occurred during an extended drought period. The D.O. results

10



MAS/1995-12-5 1.0, Criteria Revision Justification

14

12
10

Dissolved Oxygen (mg/l)
o N A& O

g o
o O

30

20
12

60
50
40
30
20
10

Invertebrat€ommunityndexX|CHindexoBiotidntegrityBI)
<

January 31, 1996

T ]_ T T T T T ]
Z._. Recommended — 3
[ EWH Segmernt Augusd 993 3
3 L — 3
- _I E
o F—— ——
b o = —L -
2 Proposed 6 mg/l Average: E
2 5 mg/l Minimum EWH Criterion E
o i 1 [l ]

RM 15.7 RM 4.0

T T T L) T I T T T T T T T T T

Ra:nrlrerl:led)
EWH Segment

/E/W

EWH Crierion
(iBl=50}

] VWAWH Criterion
3 (B}--40}

Ewskegment

e 1993

H

EWH Criterion
(ICI1=46)

VWAWH Crierion
()C1=36

ll.LL.LlllllllllllllllllIII!IIIIII [

R
RIVERMILE

8 TTIII!FIl|ll1l|lllIII]TTIiIIlIIIII I[lIIIIIIII![T‘[II][I[IIIEIII
Ja

o

Figure 2. Biological and D.O. monitoring results from Scippo Creek during 1992 and
1993; D.O. (upper) as measured by Datasonde continuous monitors in August

1993 and the Index of Biotic Integrity (IB]; middie) and Invertcbrate
Community Index (ICI; lower).

11



MAS/1995-12-5 D.O. Criteria Revision Justification January 31, 1996

BiddarbyCreek1988-1993

AR L I S BRI | T | I AL

[ EWHSegment — :
ﬁ§ 60 . :
= - EWH Critenion
§ 50 a _f (IBl=48 or 50)
£ 40 —:\
m 301 -] (BI=42)
‘S - .
> o —— 1942 B
g 20 —— 1993
212: —o— 1988

AT TSN ST ST SN P FE NN
8 :IIl‘l|Il'll||ll]|llll['llll|||I||l||lllilll:
— " EWH "
15’60:— Segment 3
QO o 3 EWHCrieron
5,50 f 3 (Cl=49)
E. d
£ ‘O E
S 30F ERAS
@ - 4  WWH Criterion
© 20F 4 (ck3)
5 - —p— 1992 -
L 10 —_—a— 1990 3
= - 3
g 0:-l|| nxx;l.;.;i.L--I----l....l..--I...:
£

80 70 60 50 40 30 20 10
RIVERMILE

o

Figure 3. Index of Biotic Integrity (IBI; upper) and Invertebrate Community Index (ICI:
lower) results for the mainstem of Big Darby Creek during 1988, 1990, 1992, and
1993,

12



MAS/1995-12-5 D.0. Criteria Revision Justification January 31, 1996

indicate that values less than the existing 6 mg/l EWH D.O. criterion have occurred in the lower
mainstem while biological performance consistent with the EWH use designation also occurred
(Figures 3 and 4). The site at RM 13.36 showed extremely low D.O. values during the extended
low flow period in 1988 with minimum values less than 3 mg/l and a 25th percentile value of 4
mg/l (Figure 4). Long-term monitoring with macroinvertebrates at this same site shows ICI
values well above the EWH biological criteria with similar values persisting in 1990 and 1992
(Figure 4). IBI values were also well above the EWH criteria at this same site in 1988 with
similarly high values extending into 1990 and 1992.

Upper Great Miami River

The Great Miami River is a major tributary of the Ohio River located within the Eastern Com
Belt Plains (ECBP) ecoregion (Omernik and Gallant 1988). Our focus here is with the upper
mainstem which drains approximately 1150 square miles of land area. Land use is predominantly
row crop agriculture, but several major point sources (mostly WWTPs) discharge to the
mainstem. The existing use designation of the mainstem is WWH, but the results obtained in
1994 strongly suggest a redesignation to EWH ts in order. 1Bl and ICI values along most of the
mainstem between RM 85 and 140 were above the EWH biological criteria (Figure 5). Minimum
D.O. values less than 6 mg/l were measured at three sites, two of which were either close to or at
biological sampling locations which met the EWH biological criteria (Figure 5). Values less than §
mg/l occurred at only one site which was in a localized impoundment on the mainstem which will
remain designated WWH,

Little Miami River

The Little Miami River is a major tributary of the Ohio River located within the Eastern Corn
Belt Plains (ECBP) and Interior Plateau ecoregions (Omernik and Gallant 1988) and drains
approximately 1760 square miles of land area. Land use ts predominantly row crop agriculture,
but numerous major point sources (mostly WWTPs) discharge to the mainstem. The volume of
municipal WWTP effluent is the largest of any EWH designated river in Ohio (50 million
gallons/day) and is projected to increase. Full attainment of the EWH biological criteria occurs in
two disjunct reaches and the cumulative distance in full attainment increased substantially
between 1983 and 1993 (Figure 6). Three other reaches including the lower mainstem
{(downstream from RM 20), a reach between RM 50 and 65, and the headwaters upstream from
RM 80-85 were in partial attainment due primarily to organic enrichment from municipal WWTP
discharges and combined sewer overflows (lower reach only; Ohior EPA 1995). Biological
performance along most of the mainstem has improved significantly since 1983, reflecting loading
reductions from point sources. Reaches of full EWH attainment were correlated with D.O.
values less than the current 6 mg/1 criterion, but very few values were found to be less than 5 mg/l
(Figure 6). Because most of the WWTPs are submitting expansion plans, the Little Miami River
is a case in point as to the appropriate D.O. target for wasteload allocation purposes. The

13
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problems associated with the WWTP impacts included excessive nutrient concentrations (mostly
total phosphorus) and the influence of this on diel D.O. patterns. The available information
suggests that protecting for the proposed 6 mg/l average/5 mg/l minimum EWH D.O. criterion
would be appropriate for maintaining and further restoring the EWH use designation.

Walhonding River

The Walhonding River is a major tributary of the Muskingum River located within the Westem
Allegheny Plateau (WAP) ecoregion {(Omemik and Gallant 1988) and drains approximately 2250
square miles of land area. Land use is predominantly row crop agriculture, but point sources
discharge to the upper sections of several major tributaries which feed the Walhonding. The
existing use designation of the mainstem is EWH and the biological results easily reaffirm this
(Figure 7). Continuous D.O. data collected during three different years show some minimum
values less than 6 mg/1, but above 5 mg/1 (Figure 7). The Walhonding is probably the largest river
in Ohio with no direct point source discharges and only a few scattered concentrations of such in
the upper parts of the watershed.

Scioto River

The Scioto River is a major tributary of the Ohio River located within the Eastern Corn Belt
Plains (ECBP) ecoregion (Omernik and Gallant 1988). Our focus here is with the central
mainstem which drains approximately 3200 square miles of land area making it the largest river
among the six examples. Land use in the upper watershed is predominantly row crop agriculture,
but two major point sources (both WWTPs) and several smaller sources (WWTPs, industries)
discharge to the mainstem. The existing use designation of the mainstem is WWH, but results
obtained since the mid and late [980s strongly suggest a redesignation to EWH for an
approximately eight mile long reach of the lower central mainstem. IBI and ICI values in the
reach between RM 106.1 and 97.9 indicate full attainment of the EWH biological criteria at most
locations (Figure 8). Continuous D.O, data collected in 1988 shows values less than 6 mg/l and
even 5 mg/l during an extended drought. Daytime grab samples during other years also show
minimum values less than 6 mg/] at sites which attain the EWH biocriteria. Long-term results for
the ICI and IBI both show values approaching and exceeding EWH biological criteria as early as
1986 and generally persisting through 1992 (Figure 9).

Summary of Individual Streams and Rivers

The results of the comparison of continuously measured D.O. and EWH use attainment in six
streams and rivers of varying sizes shows that the latter can be compatible with minimum D.O.
values less than 6 mg/l. However, values less than 5 mg/l were either infrequent, did not
frequently correlate with full EWH use attainment, or were measured only under extreme low
flow conditions. Thus, this analysis would appear to support a minimum EWH D.O. criterion
less than 6 mg/l, but not less than 5 mg/l.

17



MAS/1995-12-5 D.O. Criteria Revision Justification January 31, 1996

Sepi1994 ' Juty 989 ' Augl1988 3
~ 16 -
s ! B ]
E | 8 :
s'°F T .|, ]
> T ]
S sl T _ -~
8 - 4
= i I 1
§ 4 Proposed 8 mg/l Average: ]
5 5 mg/l Minimum EWH Criterion -
0 L 1 L 1 ., i
RM 0.84 (94) RMO0.75 (89) RMO0.73 (88)
- T T T 3
= 60 = 3
aa] o 1 BEwWHGieion
en E tB- 3 (BI=48)
£='50 - e ——— ]
87 - 3
St i
o 30F 3 (IB1=40)
< o F —— 199418 ]
SF —9— 1988181 ]
E 12 C ] L 1 1 H L 1 1 1 1 L :
O ———————— e ————— ]
- - A -
< 60 E o o E
S50 F S - 1 e
TR 37
g 40 .E_. ﬁ:
g 30 & é ‘m-l(.‘,ﬂerm
@ 0E 3 (Cl=36)
s E —— 1994 3
S 10 —-— 1988 3
E E A i 1 i 1 1 M I 1 L 1 i s i ! 1 i E
£ 20 15 10 5 0

RIVER MILE

Biological and D.O. monitoring results from the Wathonding River during 1983-
1994; D.O. (upper) as measured by Datasonde continuous monitors during August
1988, July 1989, and September 1994 and the Index of Biotic Integrity (1BI;
middle} and Invertebrate Community Index (ICI; lower) based on results obtained
in 1983, 1988, and 1994, The Wathonding River is designated EWTH.

m
g
3
|

18



MAS/1995-12-5

—14
=)
£12
$10
[ 3]
< 8
<
T 6
=
2 a
)
0O 2
0

= NN W Bhoth O
N © O © o O

<

YT

= N W s 0D
o O O O
I

Invertebrat€ommunitindegCl) IndexBiotidntegrityIBl)
Qo QO

D.O. Criteria Revision Justification

r v
Recommended -

- July1 988 EwBegment 3
- 'l' T 3
] - T .
3 1 ———r L 1 E
- Proposed 6 mg/l Average: ]
[ 5 mg/l Minimum EWH Criterion 3
L N 1 M 1 . [l N
RM 119.9 RM 115.31% RM 109.37 RM 102.14

E ; T T I T ! ;
- RKEWWIP ooy EWHSegmen =
[~ STREETCSO ¢ .
! 4, WWIP . ]
- Citerior]
: |42 ]
L 1980 3
- 1988 4
F 1991
L 1992

Illlll]llll

— L. A
120 110
RNVER MILE

o

January 31, 1996

EWH Crierion
(B1-48)

EWH Criterion
(CI=46)

Figure 8. Results of continuous D.O. Monitoring in 1988 (upper) compared to Index
of Biotic Integrity (IBI; middle) and Invertebrate Community Index (ICI:
lower) results for the central Scioto River mainstem during 1980, 1988,
1991, and 1992.

19



MAS/1995-12-5 D.0O. Criteria Revision Justification January 31, 1996

=14 l Recommended /l -
=S ol EwBegment -
§12 2 July1 988 k
S10F -l- E
20 | 3
8 8EF T E
= . .
- —— | : E
© o 3
i I == T 3
O 2F Proposed 6 mg/l Average; ———— 3
- 5 mg/t Minimum EWH Criterion
0 C i 1 M 1 " 1 "
RM 119.9 RM 115.31 RM 109.37 RM 102.14

60 —T—————T————T T Bt
@ soF 1979-1994 ERV
Zk ]
g40F ]
8 30 1 a2
m - -
Q C 3
9 20 —@— RM1020 -
c - .
- 12 o 1 L L L i L i L i L )l i Y i A L L A Y A -1
%60 E LI r T F ‘ T L] Li T 'I T T k] L} ' L} L} 1] L] E EN‘l:l .
S50 F 19741993 3 ,)'C'Z“f”
= F E
E 40 F 3
N :
E30F = Dt
@ o0 F i B )
= 20 =
© - .
S 10 = —f— RM 10001020 E
5 n 3
= 0 b NN N P S P PP B G
= 1975 1980 1985 1990 1995

YEAR

Figure 9. Comparisen of D.O. (upper) concentrations in the Scioto River as
measured by Datasonde continuous monitors during July 1988 and the
Index of Biotic Integrity (IBI; middle) and Invertebrate Community
Index (ICI; iower) based on results obtained at fixed locations (RM
100.0 and 102.0) during 1974-1994,

20



MAS/1995-12.5 D.Q. Criteria Revision Justification January 31, 1996
Synthesis of Information

The information presented thus far from the Ohio EPA database consists mostly of field
observations with the goal of evaluating the efficacy of a 6 mg/l average/5 mg/l minimum two-
number EWH D.O. criterion. These observations (Figures 1-9) tend to support changing the
current 6 mg/l minimum EWH D.O. criterion to the proposed two-number criterion. Not only
have there been observations of EWH use attainment with minimum D.O. values less than 6 mg/1,
the evidence also suggests the relative absence of this occurrence when instantaneous D.O. levels
drop below 5 mg/l and median levels drop below 6 mg/1 (see Figures 1 and 1a). These results also
seem to correlate with the findings of Ellis (1937) and Coble (1982) who both found that fish
communities characterized by a high diversity and a significant proportion of spori-species (e.g.,
percids, bass, sunfish) occurred at sites averaging greater than 5 mg/l. The latter study by Coble
(1982) is particularly supportive as it focused on what are sometimes referred to as "cool water”
fish assemblages. In distinguishing between EWH and WWH communities in Ohio, the
qualitative association of “cool water” fish species with EWH is one way of describing some of
the species which are the significant biological attributes of this use designation. In a review of
these field studies U.S. EPA (1986) concluded “. . . that increases in dissolved oxygen
concentrations above 5 mg/l do not produce noteworthy improvements in the composition,
abundance, or condition of non-salmonid fish populations (italics added), but that sites with
dissolved oxygen concentrations below 5 mg/l have fish assemblages with increasingly poorer
population characteristics”. While these studies essentially pre-dated the development of
multimetric indices such as the 1BI, the qualitative characteristics of the fish populations which
are described by cach are consistent with some of the key difterences between the WWH and
EWH uses which are discriminated and quantified by multimetric indices such as the IBI and ICL.

The most recent and comprehensive compendium of the effects of D.O. on fish and other aquatic
organisms is the U.S. EPA Ambient Water Quality Criteria for Dissolved Oxvgen (U.S. EPA
1986). This document included the findings and conclusions of some noteworthy reviews such
as Davis (1975) and Doudoroff and Shumway (1967, 1970), the latter being cited by the water
quality criteria compendia of that time (e.g., National Academy of Sciences/Engineering 1973).
While the U.S. EPA (1986) study only distinguished between warmwater and coldwater criteria,
it did refer to varying degrees of protection within each category (e.g., degrees of fish production
impairment). One analysis correlated the percent survival of embryonic and larval stages of
warmwater fish with mean D.O. which showed complete survival of eight species when the
mean 2.0, was greater than 6 mg/l (Figure 10). It was further noted that the minima in the
laboratory experiments averaged about 0.3 mg/l less than the mean. The U.S. EPA (1986)
recommendations for D.O. criteria specified three temporal thresholds for earty life stages and
other life stages including adults. For warmwater applications this consisted of the criteria listed
in Table 2. Based on the thresholds developed by U.S. EPA (1986) a 6 mg/1 average/5 mg/l
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Figure 11. The effect of continuous exposure to various mean dissolved oxygen concentrations on
survival of embryonic and larval stages of eight species of non-salmonid fish. Minima
recorded in these tests averaged about 0.3 mg/] below the mean concentrations (reproduced
from Ambient Water Quality Criteria for Dissolved Oxygen, U.S. EPA 1986)
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Table 2. Water quality criteria for ambient dissolved oxygen concentrations to protect
warmwater aquatic life as proposed by U.S. EPA (1986).

7-Day Mean
Life Stages 30-Day Mean  7-Day Mean  Minimum 1-Day Minimuma
Early Life Stages NA 6.0 NA 5.0
(embryos, larvae,
juveniles <30 days)
Other Life Stages 5.5 NA 4.0 3.0

(juveniles, adults)

¢ [nstantaneous minimum.

minimum EWH D.O. criterion appears to be protective of all life stages. While a 5 mg/] minimum
is more stringent than that proposed by U.S. EPA (1986) for adults and juveniles, it is necessary
to protect younger life stages. It also seems a reasonable minimum given that EWH criteria
should be more protective than those for WWH. The EWH D.O. criterion that we propose lies
between the U.S. EPA recommended warmwater and coldwater levels {non-embryonic life stages
only} of protection which also seems rcasonable given that some of the sensitive warmwater
species that comprise the assemblages representative of EWH may well approach the sensitivity
of salmonids.

The adoption of a 6 mg/l average/5 mg/l minimum two-number D.O. criterion for EWH seems
supported by the scientific evidence (both field and laboratory) examined by this study. In
practical terms the proposed two-number criterion is also consistent with the hierarchy of D.O.
criteria between the WWH, MWH, and LRW use designations. Based on the information
presented by U.S. EPA (1986) there is also justification for bringing the Coldwater Habitat
(CWH) D.O. criterion (presently 6 mg/l minimum) into line with the two-number
average/minimum hierarchy of the other use designations. The addition of 2 7 mg/] average seems
to be supported by the U.S. EPA (1986) study which specifies a 6.5 mg/l1 30-day mean for life
stages other than embryos and larvae which are not at issue in Ohio’s CWH designated streams.
These life stages are not applicable protection end points for CWH in Ohio as this use is focused
on maintaining adult and juvenile salmonids on a put-and-take basis, thus a 7 mg/l average/6 mg/l
minimum criterion should be protective of the CWH use designation.
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Introduction

Dissolved oxygen {DO) is perhaps the most important chemical constituent limiting to
aquatic life in streams across the U.S. streams because of its obvious importance for
respiration. Most flowing waters have sufficient dissolved oxygen to support natural
populations of aquatic life and certain habitats with low natural levels of dissolved oxygen
during some portion of a year have species adapted to obtain dissolved oxygen from other
sources {gulping of atmospheric oxygen in the mudminnow, grass pickerel in certain
wetland conditions). Most state water quality standards have developed dissolved oxygen
requirement based on the U.S. EPA (1986) criteria derivarion guidelines using the most
sensitive species (to low DO) that inhabit these waters based on a relatively abundant
literature related to DO requirements. Ohio has incorporated field data associating
biological condition indices, such as the Index of Biotic Integrity (IBI) and the Invertebrate
Community Index (ICI), with ambient dissolved oxygen measurements to adjust dissolved
oxygen criteria by aquatic life use and, in some cases, ecoregion differences (Appendix 1).

Data

This fact sheet discusses two types of ambient dissolved oxygen data collect from Ohio
streams. The largest database is composed of daytime grab samples (GRB) collected during
intensive watershed surveys. Biological and chemical data were matched on a case by case
where the exact location denoted by a river mile (RM) differed slightly. This can occur
because water chemistry data is a point sample, macroinvertebrates sites are a combination
of a point (artificial substrates) and short reach (natural substrates) and fish are sampled
along a 150-500m transect. Chemical and biological data were linked if chemical data were
deemed to be representative of the chemical conditions to which the bioclogy was exposed
and when no significant source of pollutants or dilution entered between sampling
locations (e.g., tributary, discharge). Data also had to be collected during the same year and
during the same summer period (June 15-Qctober 15). '

The second type of data was collected by Ohio EPA using Datasonde continuous
monitoring samplers {CNT) that record parameters such as DO, temperature and pH every
15 minutes; these were typically set for 48 hours. This dara, which we obtained from Ohio
EPA, was collected between 1988 and 1994 and should encompass or include tite periods



where dissolved oxygen levels had both very high and very low values. There were fewer
linked macroinvertebrate sites than fish sites with the continuous data so we focused on
the GRB data when examining macroinvertebrate responses. The GRB database was
extremely large so we used one subset that matched the continuous monitoring sites, a
second subset from the Eastern Corn Belt Plains and Huron Erie Lake Plains ecoregions
from 1994-2001 for fish, and the statewide data for the macroinvertebrates where there
were somewhat fewer data points,

Dty Time Grab Data (GRB) vs. Continnous (CNT) DO Data

Although CNT dissolved oxygen data collection is fairly widespread, it is often not
collected at the same sites as biological, habitat, and other grab water chemistry data. GRB
sample data are important because they have been used to determine whether ambient data
meet or exceed water chemistry criteria in State Water Quality Standards (WQS). GRB
samples in the Ohio EPA database are composed of approximately 6-8 samples during a
summer period (mean 6.6, median 6.0) typically collected during daytime hours. Samples
were processed in the Ohio EPA laboratory according to .S, EPA approved methods.
Datasonde  samplers  were
generally set for 48 hours, but
were occasionally set for long
periods. Each Datasonde set
averaged 94 samples (e.g., DO
measures) with a median of 52
samples per set.

bata - 1994-2001
ECBP & HELP Ecoregions

30

We compared GRB ws. CNT
data from the same stations to
explore how they compared in
characterizing a station's DO
tegime. Figure 1 illustrates a
scatter plot of minimum values
from CNT  samples s
minimum  values of GRB
samples at these stations

6rab Sample
Minimum Dissolved Oxygen

Datasonde Minimum
Dissolved Oxygen

collected during the same

suminer period, but likely on | Figure 1. Plot of Datasonde continuous dissolved oxygen data vs. grab
different days. Although there sample data for minimum dissolved oxygen data. Quadrant A
is scatter these wvalues are has CNT values < 4m but GRB values > 4 while q‘mfi’“f“ 8
positively correlated (I‘{1=O.26). ::rﬁig lﬁ“fﬂ; ﬁﬁ;ﬁ:ﬁff@;ﬁ’?ﬁ: ::re
Quadrant A on Figure 1 perfectly matched

illustrates  situations  where

minimum GRB samples are > 4 mg/l (Ohio Warmwater Habitat [WWH)] minimum
criteria value), but CNT values are less than 4. Less frequent are values in quadrant B
where CNT values are > 4, but GRB samples are less than 4 mg/l. These are concentrated
above 3 mg/! (Figure 1). This pattern can also be illustrated with cumulative frequency



plots that illustrate the percentage distribution values of dissolved oxygen for minimum
values (Figure 2, right) and for 10™ percentile values (Figure 2, left). These graphs contain
the same information as Figure 1, but make it easier to estimate the overall differences
between the methods. For example, the CNT sampling identified about 15% more values <
4 mg/l than did the GRB sampling. This is expected, but identifying the magnitude of
difference can be important when applying GRB data for deriving field based targets.
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Figure 2. Cumudative frequency plot of 10th percentile (top} and minimum (bottom) disselved exygen valyes
from CNT (dashed) and GRB {solid) samples

Associations Between Biological Indicators and Ambient Dissolved Osxcygen

Although there is some variability related to multiple stressors that influence the
relationship of DO to aquatic communities in Ohio, there is still a clear threshold
relationship between biological indicators of aguatic condition and ambient dissolved
oxygen. Figure 3 illustrates scatter plots of dissolved oxygen (GRB data) at sites in the
ECBP and HELP ecoregions vs. IBl scores (top) and statewide data and ICI scores
(bottom). The relationship between the GRB and CNT data indicates that diurnal data
would push the threshold relationships to the left slightly if this were based on CNT data.
There are sites that evidently support Exceptional Warmwater Habitat (EWH) or WWH
IBI and ICI scores {7 50 and 40, respectively) with individual DO concentrations below the
minimum criteria established in Ohio for these uses (EWH=5 mg/l min; WWH=4 mg/]
min). The grab sample data represent a snap shot of the actual DO regime. The furthest
outlier on Figure 3 (top) where the IBI scores are greater than 40 is a DO of 1.6 mg/1. This
was found in the headwaters of the Olentangy River. This area has had a history or relative
severe impacts with nearby stations in 1979 with IBI scores below 20. Much of this has
been abated and IBI scores in these areas are now in WWH ranges in the 40s. There were
several DX sensitive species in this community (e.g., rainbow darter) although perhaps at
lower abundances than expected. In addition, certain microhabitats such as riffles could
have slightly higher DO regimes than pool areas where the DO sample was likely collected.
In the macroinvertebrate data there is an extreme value in the Stiliwater River with a DO
of 1.3 mg/! that had an ICI of 40 in 1982. This was considered an impairment at that time
and the data collected in 1990 had DO values above 6 mg/l and the ICI rebounded to a



score of 50. We suggest that extreme examples or outliers should not be used to derive or
support lowed DO criteria especially based on grab samples. Grab samples on average
however are likely protective or conservative estimates because CNT identifies about 15%
more low values than GRB samples do (Figure 2). Biological signatures (e.g., presence or
absence of DO sensitive species or taxa) can be useful however, in determining whether an
exceedance of the dissolved oxygen criteria is biological significant and should be identified
as an area that needs some restoration {e.g., placed on a TMDL list).

Figures 4 and 5 illustrate the distributions of 10™ percentile or minimum dissolved oxygen
values for GRB samples (Figures 4 and 5) and CNT samples (Figure 4). These graphs are
another method of illustrating the relationship between IBl or ICI and dissolved oxygen.
The more {requent low values collected in CNT vs. GRB samples are reflected in the lower
ranges of the open boxes which represent 10™ percentile values across all stations. The
CNT sampling picks up the diurnal swings that the GRB samples miss, although the grab
samples cover more periods of time across a summer sampling period (when low DO values
are more likely due to high temperatures, algal activity, and increase organic production).
The bioclogical data integrate stressor influences across multiple time periods (e.g., weeks to
years), and the absence of low DO in either the CNT or GRB data can miss events or
underestimate the severity of the DO influences. Biological signatures of low DO from
impaired assemblages can compensate for the lack of “exceedences” of DO criteria and in
fact the identification of DO as a cause of impairment in the Ohio 305(b) report {Ohio
EPA 2000} is often accomplished without a specific chemical exceedence.

Figures 6a-f provides some insight into species sensitivity or tolerance to dissolved oxygen
stress. These are plots of catch per unit effort (relative number per 300m) of individual
species counts from electrofishing surveys paired with individual dissolved oxygen values
for wadeable streams (< 200 sq mi). Each species count can be repeated for each GRB at a
station. The DO tolerant species {carp, Figure 6f and creek chub, Figure 6e) provide a good
illustration of the range of dissolved oxygen values distributed throughout this database
which comprises the entire range of possible DO values. Moderately sensitive species {(e.g.,
sand shiner and golden redhorse) are not found or found at reduced abundance at sites
with less than 34 mg/l of dissolved oxygen. Two highly sensitive species, black redhorse
and variegate darter are rarely (black redhorse), if ever (variegate darter) found at dissolved
oxygen concentrations less than 5§ mg/l. These types are data are important in helping
establishing or verifying the appropriate minimum criteria for a given aquatic life use in
Ohio. There is a continuum of sensitivity to ambient concentrations of dissolved oxygen
across species and taxa that occur across Ohio. The presence of such sensitive species could
be used to help identify reaches or watersheds that might be especially sensitive to factors
that influence dissolved oxygen such as nutrient enrichment, habitat degradation and
sedimentation. As has been outlined by us and others, these “nonpoint” stressors should
typically be dealt with in combination and not separately as is often done in TMDL efforts.
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Multiple Stressors and Cumulative Impacts to Watersheds

The accrual of multiple stressors at a watershed scale can hinder restoration of aquatic life
in stream reaches within such watersheds. In Midwest streams, low DO, especially from
NPS is typically associated with increased organic enrichment, increase nutrients, and
degraded habitats. Figures 7 (top, bottom) identify a limiting threshold of dissolved oxygen
associated with the maximum, cumulative number of intolerant fish species (top) and
sensitive macroinvertebrate taxa (bottom) expected in a watershed. Watersheds with mean
dissolved oxygen values greater than 7 mg/1 {(indicates a high proportion of sites with DO
values > 5 mg/1) can have 10 or more sensitive species, a number typically associated with
Ohio's EWH aquatic life use. Watersheds with mean DO values between 6-7 mg 1? rarely
have more than 5 intolerant species in these watersheds indicating an increasing number of
sites likely exceeding warmwater DO criteria in Ohio (X = 5 mg I, min. = 4 mg I").
Average watershed DO values < 6 mg/] rarely have more than 1 intolerant species and
these watersheds are likely those with high nutrients, high siltation and degraded habitats.
The biological response variables in areas affected by NPS stressors are more strongly
associated with habitat conditions and nutrients such as total phosphorus (TP) than with
DO concentrations, at least as they are reflected in the sampled DO regime. Regression
tree analyses and other multivariate exploration techniques have identified some of these
associations for the ECBF and HELP ecoregions (Rankin and Armitage 2004). Typical
regression trees are illustrated in Figure 8 for IBI (top) and ICI (bottom). These analyses do
not eliminate the important of DO as ecological mechanism of impairment, but identify
the strong controlling influence of habitat and nutrients in explaining observed fish and
macroinvertebrate impairment and reinforce the need to incorporate habitat in NPS
restoration scenarios.

Species and Taxa Specific DO Tolevance Values

One of the more challenging parts of an assessment is identifying the stressor responsible
for aquatic life impairment. While laboratory tests can provide useful data, often such data
is only available for a handful of macroinvertebrate taxa or fish species. Data sets like the
one we used here are useful for “mining” stressor-response relationships between stressor
variables and abundances of a species or taxa. A ranking of species responses allow
consideration of biclogical signatures for these stressors. Taxa that are abundant in the
ambient environment at depressed concentrations of dissolved oxygen and remain after
other taxa disappear can help distinguish situations where DQ is a primary stressor.
Conversely, high populations of taxa that only occur at high, background DO levels can
provide evidence that DO is not an important stressor. Parameter specific tolerance
rankings can provide an improvement over “general” tolerance rankings where
identification of multiple stressors is difficult.

One method to calculate parameter-specific tolerance ratings is to calculate weighted mean
stressor values for parameters where the weighting is done based on the relative abundance
of a specific organism at a site. This requires data with consistent quantitative methods to
control for error due to sampling variability. Organism that are common at high stressor
levels will have higher weighted average parameter values than an organism that has irs



populations depressed or eliminated at a similar parameter concentrations. Where data is
sufficient the organisms can be ranked and divided into quarttiles 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
“biclogical signatures” become more compelling (Rankin and Yoder 1995). Dissolved
oxygen is somewhat problematic because although low oxygen is clearly a stressor to
respiration, very high DO concentrations may be an indicator that nighttime DO is
depressed related to high algal respiration. Tables 1 and 2 provide data on weighted
dissolved oxygen values for macroinvertebrate taxa and fish species in Ohio. Ohio’s general
tolerance rankings’ are provided for comparison. We excluded taxa where there were less
than 100 DO data points or about 20 stations that had biological and DO data. We used
the minimum dissolved oxygen value from each station to generate the weighed parameter
value as the best indicator of stress conditions and this was paired with taxa or species
abundances collected at these same sites during the same summer period. We also
generated unweighted statistics from all of the DXQ) data associated with each species from
all samples at all sites (means, 25" and 10™ percentiles).

We compared the general tolerance ratings for fish and macroinvertebrate taxa with the
weighted DO values we generated to examine concordance between these ranking methods
(Tables 3 and 4). We divided the weighted DO rankings into quintiles and assigned them
the same narrative ratings used in the general tolerance rankings: intolerant, sensitive or
moderately intolerant, intermediate, moderately tolerant, and tolerant Agreement among
rankings indicates a general correspondence between peneral tolerance and DO-specific
tolerance {Tables 3 and 4) with some variability.

Table 3. Comparison of general tolerance vs. DO tolerance for 93 Ohio fish species where
there were at least 20 sites with DO data and a spedies occurrence. General tolerance
based on Ohio EPA’s tolerance rankings for the 1BI

DO Tolerance General Tolerance

Tolerant Mod. Intermediate | Sensitive Intolerant
Tolerant

Intolerant 1 6 3 Sl

Sensitive ] 7 E: M & F 6

Intermediate 2 9T 6 1

Mod. Tolerant 3 -3 13

Tolerant e 3 9

! “General” tolerance rankings are assessment of a taxa or species tolerance to a wide range of stressors and
are typically used in IBl and other multimetric indices. These are often species that have declined in
abundance compared to their historic geographic ranges and often in response to multiple stressors including
habitat degradation, siltation, organic enrichment, and toxic chemicals. These assignments are typically made
from a combination of fish distribution texts and data, literature, examination of ambient datasets, and best
professional judgment.



Outliers can be useful to explain variation between general and specific tolerances. In the
fish comparison, one species, blacknose dace, is an outlier with a general tolerance rating
of tolerant, but a DO rating of intolerant. This species is generally associated with cool
headwater streams, but can be extremely tolerant of industrial discharges and is not a
generally a habitat specialist.

Table 4. Comparison of general tolerance vs. DO tolerance for 171 Ohio macroinvertebrate
taxa where there were at least 20 sites with DO dara and a taxa occurrence. General
tolerance based on recent Ohio EPA’s rankings of general tolerance.

DO Tolerance General Tolerance

Tolerant Mod. Intermediate Sensitive Intolerant

Tolerant

Intolerant ! 6 3
Sensitive 1 7 5 m
Intermediate 2 -9 6 1
Med. Tolerant 3 3 13
Tolerant S 3 9

The greatest variability was in comparisons between intermediate rankings of general
tolerance and dissolved oxypen tolerance rankings where intermediate general sensitivity
was broadly distributed with both DO intolerant as well as DO talerant species and taxa
(Tables 3 and 4). Some of this was variation was related to coldwater species considered
generally intermediate to certain general impacts (e.g., mottled sculpin, trout sp. {stocked]),
but sensitive to temperature and DO and another group of species associated with wetland
and prairie habitats that are habitat specialists, but are associated with naturally lower DO
regimes (tadpole madtom, warmouth, least darter) than found in more common high
gradient Midwest streams.

Derivation of Dissolved Oxygen Criteria

Criteria for dissolved oxygen for streams are typically structured as a two number criteria
with a minimum (never to be exceeded) value and as daily average values. Even though
most state dissolved oxygen criteria are based on methodologies generated from controlled
studies as outline in the 1986 EPA guidelines (U.S. EPA 1986) some states have modified
criteria on the basis of ambient field data (Ohic EPA 1996) or have methodologies for site
specific derivation of criteria due to natural conditions (SCDHEC 1999; MO DNR 2004)
that are were considered either over or under-protected by existing statewide criteria. These
modifications of criteria typically rely on reference sites without substantial anthropogenic
impacts.
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Figure 8. Box and whisker plots of dissolved oxygen (GRB, top and bottom, CNT,
middle} vs. ICI {top} and IBI (middle and bottom) scores above 50.
Dotted line represents the WVW/H average criteria and the solid line the
mimimum criteria for DO.




Ohio EPA’s original EWH dissolved oxygen criteria was originally based on best
professional judgment related to the perceived need that the biota of EWH streams were
more sensitive to low DO than the biota typical of WWH streams (Ohio EPA 1996). The
minimum DO criteria for EWH streams was then set to be equivalent to Ohio's coldwater
aquatic life use (6 mg/l minimum). Ambient data similar to that presented here was used
to provide evidence that EWH index scores (IBI, ICI) occurred commonly at DO values
between 56 mg/l, but not less than 5 mg/1 (Ohio EPA 1996) to justify a 5 mg/l minimum
value for these waters. This is also supported with additional data examined here. For
example, the intolerant black redhorse and variegate darters that are associated with EWH
streams and rivers show abundant populations down to 5 mg/], but quickly disappear
below that level (see Figure 6). These species-based graphs were done with GRB data and

are conservative because they miss some of the lower nighttime values measured in the
CNT data.

WWH Dissolved Oxygen Criteria

The same approach used to examine and provide justification for the EWH criteria can be
applied to the WWH criteria as well. Ambient biological data indicates that attainment of
WWH biological index scores occurs at stations with DO values of 4 mg/1 or above, but
much less frequently when DO is less than 4 mg/l. Interestingly, there was a slight
difference in the range of minimum dissolved oxygen values at stations with WWH 1Bl
scores (40-49) between stations with grab data at sites with datasonde data (see Figure 4a)
and grab samples at a broad range of sites represented by the statewide data set. The
distribution of minimum DO values at stations with IBI scores of 4049 are summarized in
the histograms for stations in the statewide data set {Figure 9, top) and a subset of this data
that also had datasonde data. The presence of lower DO values at statewide sites is partly a
result of larger sample sizes, but may also be related to datasonde samplers being more
commonly set at complex sites where multiple stressors are common and point sources
occur, At such sites, lower DO values are more likely to co-occur with toxicants and other
acute stressors, and thus they less frequently co-occured with IBI scores of 4049, The
statewide data includes more sites where DO is the predominant stress and low DO values
co-occur more frequently with IBI scores of 40:49.

Stations with DO values less than 4 mg/] primarily comprise the “tail” of the distribution
(Figure 9, top). An examination of sensitive species that are charactistic of WWH streams
such as the golden redhorse and rainbow darter show fewer organisms below a DO of 4
mg/] although populations do occur at lower DO values. Some data points below the
criteria should be expected because the chemical grab samples are an imperfect estimate of
the magnitude and duration of a chemical stress. The abundance of a fish species
characteristic of EWH streams (variegate darter, Figure 10, bottom) illustrates the greater
restriction in abundance along the DO gradient observed in EWH streams justifying the
higher minimum DO (5 mg/l vs. 4 mg/1) for these waters.
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Figure 10 probably underestimates the effects of the lowest DO because it does not include
sites where a species should occur, but has been eliminated because of low DO or other
stressors. The development of species distribution and abundance models along natural
gradients of habitat, elevation, stream gradient, and flow could provide estimates of
expected abundance of an organism. Relationships between stressors like DO and expected
abundance could result in more precise estimates of the influence of a stressor such as DO
on individual species or taxa.

Using ambient biological data to help or adjust criteria such as dissolved oxygen takes
advantage of the strength of well-founded biological monitoring to integrate the often
complex pathways of influence of DO. The selection of the biological target is a critical
choice in this effort. Ohio has developed biological targets through their development of
biological criteria. The difficulty is in determining which chemical number is a protective
and reasonable target {or protection of aquatic life. The appropriate role of the biological
data is as a response indicators to the suite of stressor that occur in the environment and
the chemical stressors are best used as design endpoints and to help identify cause of
biological impairments. The focus on this paper was to identify DO values that can be
protective and reasonable design criteria and provide information for various management
efforts on cause of impairment. We know that a reliance on chemical assessment of aquatic
life use attainment and impairment, in the absence of biological data, outside of where
values will obviously result in acute impacts, can result in large errors in identifying
impairment with the error tendencies strongly skewed to missing impairments (Rankin
2003). A reliance on biological data for assessment impairment is consistent with the NRC
TMDIL Committee that argued that indicators should be as direct measures of the
designated use as possible (NRC 2001). There is more concern with the precision of the
criteria number when using DO data alone to estimate impairment, than when using DO
data as a support to biological assessments to identify impairment.

There are a number of methods being explored as tools for deriving accurate criteria from
ambient data. Paul (2004) has proposed a conditional probability approach using
probabilistic survey data. As with other methods it relies on the ability to derive sound
biological targets or endpoints. Such advances are compatible with U.S. EPA's strategy for
its WQS and Criteria programs because and touches a number of the 28 “Strategic
Actions” in the Draft Strategy for Water Quality Standards and Criteria (U.S. EPA 2002).
Here we outlined what is a multiple line of evidence approach to determine DO
concentrations that appear to protective on the basis of large scale analyses of databases,
site specific examples of attainment of a tiered use at various DO levels, and the
identification of DO sensitive or tolerant taxa that can be used to support attainment
decisions where data is ambiguous. Because many of the stressors are moderately to highly
correlated the choice of the numeric chemical target can be difficult and often depends on
multiple lines of evidence. Some of the newer approaches may provide more standardized
methods to achieve ambient based criteria.



Perhaps as important a process as the derivation of criteria is consideration of how
attainment and impairment decisions are made. Some of the weakness with attainment
decisions, as for example the 305(b) and 303(d) process, lies with the inappropriate reliance
on stressor indicators to identify impairment rather than on response indicators. The
strength of stressor criteria is with the derivation of appropriate treatment and
management strategies and causes of impairment. Because of weaknesses with using
stressor data to identify impairment, outside of where values will obviously result in acute
impacts, biological data should be the indicator of choice to determine aquatic life use
impairment, As mentioned above, the DO sampling regime does not always clearly identify
impairments and there is a risk of identifying a water as attaining an aquatic life use with
this data when it is actually impaired (Rankin 2003). Many of these concerns fade when an
adequate monitoring approach is used that provides confidence in identifying impairment
and is able to employ multiple approaches to identifying the cause of impairment.

Summary

In this paper we explored the relationships between CNT and GRB DO data and the
response of biological data to gradients of DO data across Ohio. Ohio EPA (1996) used a
similar approach to justify a two-number criteria for its EWH aquatic life use including a
addition of a minimum criteria of 5 mg/l for EWH streams. Both community-level and
taxa and species specific data were used to identify that attainment of an EWH aquatic life
use was rare below a DO of 5 mg/], but became more common between DO values of 56
mg/1. Similarly, for WWH streams, attainment of the use was uncommon below a DO of 4
mg/], but became more common between DO values of 4.5 mg/l. Ohio EPA (1996)
provided more case examples supporting the 5 mg/l minimum value for DO for EWH
streams and the standard laboratory-based approach supports the WWH criteria. We also
derived a fish species and a macroinvertebrate taxa sensitivity list for DO that shows
differences from the general tolerance sensitivities. We envision this as a tool for use in the
stressor identification process. It is clear from the watershed scale patterns we have
presented that restoration of streams can be limited by watershed scale influences and that
multiple stressors are the rule rather than exception. It is also clear that aquatic life have a
continuum of response to DO and that tiered aquatic life uses provide great advantages for
water resource management and the derivation of reasonable and protective DO criteria.

References
MO DNR. 2004. Deriving Site-Specific Criteria to Protect Missouri’s Aquatic Life. Water
Protection Program Technical Bulletin, Missouri Department of Natural Resources.

4/2004.

Ohio Environmental Protection Agency (Ohio EPA). 1996. Justification and Rationale for
Revisions to the Dissolved Oxygen Criteria in the Ohio Water Quality Standards,
OEPA Technical Bulletin MAS/1995-12.5, State of Ohio Environmental
Protection Agency, Division of Surface Water, Columbus, Obio 43228.



-Ohio Environmental Protection Agency (Ohio EPA). 2000. Ohio Water Resource
Inventory, Volume I: Summary, Status and Trends, E. T. Rankin, C. O. Yoder, and

D.Mishne, {editors). Division of Surface Water, Ecological Assessment Section.
Columbus, OChio.

Paul, J. F. 2004. Geographic-specific water quality criteria development: A conditional
probability approach. Presented at the EMAP Symposium: Integrated Monitoring
and Assessment for Effective Warter Quality Management, May 3-7, Newport
Rhode Island.

Rankin, E. T. 2003. Comparison of Biological-based and Water Chemistry-based Aquatic
Life Attainment/Ilmpairment Measures under a Tiered Aquatic Life Use System
Aquatic Life Use Attainment Fact Sheet 3CABB-03 prepared for U. S,
Environmental Protection Agency, Region V, Chicago, L.

Rankin, E. T. and B. Armitage. 2004. Associations Between Stream Habitat
Characteristics, Biological Condition, And Nutrient Concentrations In Wadeable
Streams Of The Eastern Corn Belt Plain And Huron Erie Lake Plain Ecoregions.
CABB Technical Report 1-CABB-04 prepared for U. S. Environmental Pratection
Agency, Region V, Chicago, I

SCDHEC. 1999. Methodology for Determining a Permitted Dissolved Oxygen Deficit
Allowance for Waters Not Meeting Numeric Standards Due to Natural Conditions.
South Carolina Department of Health and Environmental Control.

US Environmental Protection Agency (EPA) 1986. Ambient Water Quality Criteria for
Dissolved Oxygen. Criteria and Standards Division. US Environmental Protection

Agency, Washington, D.C. EPA. 440/5-86003.

US Environmental Protection Agency (EPA). 2002. Draft Strategy for Water Quality
Standards and Criteria: Strengthening the Foundation of Programs to Protect and
Restore the Nation 's Waters. United States Environmental Protection Agency,
Office of Water. EPA-823-R02-001.

Yoder, C. O. and E. T. Rankin. 1995. Biological response signatures and the area of
degradation value: new tools for interpreting multimetric data. Pages 263-286 in W.
S. Davis and T. P. Simon (editors). Biological assessment and criteria: tools for
water resource planning and decision making. CRC Press, Boca Raton, FL.



00000'G  OOCOF'S 00002'8 GG/8G 0G66'G ¥9 [ 4] enaidsueouy punaupjuag - [0098/]

00008t  0000£9 0000.'L 8vr19 996G 1911 [ 4] dnoub wnuapjpas (punpodid) ) winjipadAjog - [O¥GHE]
0000b't 0Q000L'G 000069  GIE9'S 2YvGa'G £9 [ 4] snioutaea smuouodIDIOg - [02018]
00002't 00008'G  00002L  9.6/G 21€6¢ 622 1w} ds snipoprodq - [0698/]
00008't  0000E'9 00009'L 686 EL6V'G 88 [ ) ds () snippoun - [10218]
0000+  00006'G 0000t. 062G 064¥'G €05 (1 W] snsdunsip ('N) smpopouoN - [04218]
0000€'G 00D0E9  0000GL G699 G21H'G 65 [ 4] s14snav)| vaoydojApuc) - [00210)
00002F QO0009'C 00002/,  V.L6EG 800G 142 {1 W] 424150 sadipuajouaniq - [0GOES)
00096+ 00006'G  0000T.  0268C G9/£°G gz [ ] ds pyatuajjapiound - [0£918)
0000L'v 000019 0000€/. 62146 GL9E'G 0L [ 4] ds snhsavAuniopol) - [00268]
00002 O0QO00¥'S  0000T.  ¥2lvG 901€'G BG [1A] dnoub sinisanjAs (snippjoos) sndojod1sd - [01608)
0000¥'Ss 000029  0000G.L  89v6'G 000E'G L [ 4] dnoub 2ppaayjoy (ounpodi ) winjipadAjod - [02G 8]
00000+ 0000E'G 00006'9 Lv28'G 2942°G ¥9 [ 4] supa1ubiu snuiououny2opu3 - [8GTES]
00000'c 000019  0000Z.  OO0BLG v212'G G2 [ 1 »r2q priipunaqen - [10184]
00009t O000DE9  0000LL  G960'S JAZAL" 1261 { 1] o4204206110 - [009E0)
00009'% 0Q0009'G 000089 L1666 090T1'§ 6¥1 [ 3] winpunonf soj2quij - {008Y8]
00006'F 0000DLG 0000.'9 2L19G ££6G0'G 8G1 [ 4] 2udodiasny soaquiy - [06£48]
0006,y 00006'G  0000TZL  basléc £9E0'G LE [ 4] osuol o1hwisaqoiqy - [G11/4]
0000£'y 000029  00008/.  L6PEG 0928t 62 [ 41 snysapow sadipuasoudiq - [200€ 8]
0000L't  0DO06'G 00002’/ veve e 2LGLY 91 {1 w] dnoub aydwoys vihwsaqo|qy - [0£1/ 4]
00002'+ OO00OE'G 00000°L  09L1G 1869'F 0g P uosdwig NSUs) , SnAaLLIeqD, snouoJIYIDURd - [0T0F8]
00008t OQOOCOE'S  0000V.  ObbOG ZE19'v 98 [ 1] s1oia2sidy vjapqojeH - [99940]
000BE'E 0000L'y 000089 00626 8609t be [1w] sinbuid sndAuosour|s - [GGe /]
0000 Ty  00008'G 000071/ 0.0T76G 209t £G [ 4] ds sa409u0040 - [00280]
00008't  00002'G 000689 Y666 166G Y GLE [ 1] wosduiis sadipuagoaniq - [160e8}
000062 O000LE  0000E9  OLbEY 206G ¥ 194 [ 1] syouboys ojjapgejeH - [$99¢0]
0000L'2 00SLTH 00009 14vL6G GZ6EY 0/ [Lw] (8261 "opqoy nsuas) y satvads visUvioN - [108/]
00002’y 0000b'G  00000L  LLBEG 2282% 112 { 4] p224zp Bj|2jpAH - [10290]
0000T¥ O0Q000'9  00009.L  8GBZG 0889'€ £GE [ 1] dnoub snuo22p (D) smuouodiy) - [0£L28]
00002'F 000219  0000L/L  2G12G 6099'¢ L11 {1A] dnoub sniupdsa (') snwouoaiy) - [02/28]
0000T'E 00G22F 000029 18L2F Y9E9'E 92 (1w xnp (M) snjnua44aiy - (009¢8)
00002’ 000019 000044 ¥8.1/1°G 9YEFE 10¢ [(Lw] ds pa40p1a20) - [008G0]
O00VO'E  00000G 000067  LOObG 288'E 'Z7A [ 1] osp4ound vyvjound oj|apqodu3 - [GE640]
L, LA T —SuUciIvIg sai32dg
Y401 yigz payybiapm "oN

“2N|DA O UDAW P2iYbiam 2y AQ P2HUDU DXDL 34DJG24JAUIOODW AQ SUDIIDULUZIUOT PIA|OSSIP JOS SIISILDLS J2Y40 PUD UDAW pajybiap '] 2190



00089't  0000L'G 00005°L £6209 €609 16 [ 4] ds oisuoy - [0028L)

00069'G  000GH'9  0DOOO'8 28666 92209 9G [ 4] ds snwououiydopnasd - [096¥8)
0000F'G  0000G'9  0000EZ.  09€09 18909 Gl [1wW] (spod Bumpuy o/m) ds ueaodoud - (16911}
00006'F 000019  Q0002Z. 61619 ¥290'9 b8 [1w) ds oigajydoydapuny Jo ds viq2|ydoidan - [0G6bT)
00001'S  000OF9  00009.  OL¥2S 1290'9 1821 [ 4] dnoub xoyp} (d) wniipadAieg - [09H18]
0000€'G O00G/L9  OODOE'8  9p0T9 £960'9 2L [ 4] ds vagoasdossiw - [00HG8]
0000F'G  00ODE'9  OO00OEZL 60419 96609 GG [ 4] ds pwnoyto|N - [006£8]
O00CT'E 00008+  000G0.  GLIL'G 19409 £6 [ 41 ds suaoqitios - [00211]
000EP'G 000059  000OV. 14209 LGEO'9 62 [ 4] sadiyound payoesdouaug - [20£ 8]
00006’y  0000% 9 00004 L 02619 0109 B9L [Lw] snjouiq () sndogoanu) - (02508l
00008’ OO0OOE'9  00008L  €OEl9 8v66°G 666 [ 4] snysepouioau sadipuaioudiq - [00£8]
00000'c  OODOE'9  0000G.  0GI99 1686'G 0¥ [ 4] snpauny sadipuatousiq - [£00£8)
00096'G Q00069 000008  2G2E9 LG86'G L01 [ 1 ds panauouiao) - [0GE08]
00006'F 006246 000089  GZ09¢G 8296'G b2 [1W] v dnoub s213ads snsJo4Aupiopo)) - (10268]
00001'G 006209  00ODYTZ  G9OE9 £2v6'G 9 [ 4] ¢ 2dA) snsupjhup) - [£0868)
00009'% 000009  O00DEZ  OE66G £8£6'G 262 [1w] ds xAuobunu) - [00£90]
00008'v 000029  Q0009L  bbvlG 096G pG8 [1w] ds (-9) sadipuajoidAg - [ooeEs]
00009+ 006229  DODOGZ 8¥GE'G G006'G /8 [ 1] owoisoudnu v)|apqoaJoowy - [#9640)
0000E'G 0000S'9  00008Z  6£E29 $668'G 6L¥ [1w] sn4oa1jdnp g do snuowig D sadipuapapy - [01248)
00006y 00006G  O000G. 02409 9p28'G 88 [ 4] Huuoquos luLOGUDS (SNUIIFAHOL)) $2423U020 - [09280)
00008t 0000E'9  0000L.  9€00°9 ¥618'G 9111 [ 4] ds oibuy - [00€22]
00009t 0000E9  00008'Z  10GES 9.18'G B6b [ 4] dnoub suaipaqo pujoasdouanyy - [00EYE)
0000F'b 00006'G  000OV. 066G 9/6L°G £¥9 [ 1] @su20u)jt (g) wnppadAjog - [0/ b8l
0000€'¥ 00008'G  0000%/.  ZIbL'G 88€L°G {24 (3 w] appwoiabouao) - [10022]
000EL'G 000099 00008 L 91219 €1E/G 74 [1w] ds snwogodoyiuy - [00181]
000b¥'t Q00019  O0006L 1296 Grel'G GG [ 1(P10) \s1Adzui4324, (N} snipojoouo - [09218]
0000L'G  0DOOK'9  0DOSS'L  vOT199 12146 L9 [Iw] 1 ds'u ojj21404 Jarpung - (1£918]
00009’y 00622'9  00OO¥. 1/8BG'G 1801°G ‘1€ [ 12opioquo) - [10£/0)
00006t 0000Z'9  000OPL 6219 1€0L°G 969 [ 4] ds snsupiAupioang - (0055 8]
QO00T'G 0000v9  00008'.  GLIO9 2969'G b9 [ 4] snyosD4 snupwLiDg - [01890]
DO00Y'> OOOOE9  0000LZ.  BIESG 6999'G 6t [ 4] droub diAwuupwauaIY} - [0016./)
00001'G O0O0E9  0O00OB.  0GB6'G 0069°G L0 { 4] ds pripunaqo - [0018/]
00008’y 00009 00008/ ¥O119 1609°G geet [1w] plagjj2quny - [10810]
e, T UBIpaW uoay U SUOT{DIG sa193dg
Y401 Yig2 Pasyblom "oN

"aNjDA O UDAW PJYBIaMm ayi AQ PaxUDJ DXDL 24D4G2}J2AUI02DW AG SUOHIDJULUIUOD PIA|OSSIP 04 SDILSILDES JaYL0 PUD upaw payybiap 1 2|qof



0000G'+ 000029 00006 L PIESG 0E2r'9 911 [ L] ds (") snwououay) - [01£28)

00006 COO0FP9  0000GL 62429 09149 Ge2 {1w] owapodoqo| vjjaiunwauaiy| - [12128]
0000L'G 000089  00O06L  EE1G9 OEOb 9 129 [1w) ourapa0upAY - [10980)
000019 0Q0001'.L 000028  ££499 G68E'9 606 [1w] ds sapoyjAdaoanay - [00£91)
00001'G  QO00V'9  00008.  8GGT9 £28€'9 ba1 [ 4] sno14sn (SNJDQWDI1I3204d) S2432U0240) - [0G280]
000/E'0 00008L  0000v6  BEGESG 669€'9 92 [ 4] pso42und DjjauDAH - [/ E€E0]
O000E'S 000099  0000LL  LILE9 G99E£'9 Bt [ J] ds snwouodiya04o14S - [0GLPE]
00092'6  0000G9  00009.  8GGZ9 T16£°9 26 [ 4] snuJodissoud (1) snippjdoud - [62218)
00000°G 000069  00006L  GBL29 106€°9 80¥1 { 4] ds swa0) - [00241]
00002°G 000099  0000L.  10VE9 GEEE'Q €41 [ 1] snapwbAd puuaduady - [0ZOTT)
0000€'G 000099  00009. 60829 262£'9 ¥6 [ 4] v4pues oihwosaADH -~ [OF£L4]
000006 00009 00008, €129 £12£9 L0G1 [ 4] ds uowouals - [0OPET)
00000'% 000089  00GGL'L  BZLES G1629 62 (1w] ds pfjaaiapad - (0H0E0]
00006'G 0000L9  O00D6L 69629 81829 928 { 4] ds pjj24owmng - [09EEO)
00001'G  0000G'9  000G6'.L  +6829 L£42°9 2L { 4] ds orhwiaunoz - [0OY6L]
000I¥'G 000069  00089. 02019 ¥892'9 B {7 [1w] (spod Bumpuiy /m) ds uoaopodd - {0€911]
00009'G  00G29°%  0000LZ.  BYZES #992°9 0ze ("N} "\ 40 snuJo21ssDI (1) SPipDjRoueH] - [1£218]
000089 Q000¥.L  OO0OE8  BEGTZ ¥¥62'9 Gt [Iw] ds snipojoyd1440ung - [06918]
0000G'¢ 000099 00008/ 162€°9 L0ze9 8G2 [ 4] ds snuiououanyooldAd) - [02828]
00006’ Q000F'9  00008.  BZ1E9 G602’ 8001 DUDLIOU DIAWIULDLYDUDIY ] JO D4DUDS DIAWOSRADH - [0G// /]
00002'F 0D006'G  OODOEL  EB9T9 6502'9 £12 [1 w) sadiApy) papoasdouanyy - [GIEH8)
00001'¢ 000029  0O0OOVL 16¥2'9 1602°9 1G [1W] sipaaiioyodbiu ojjamuoquanpioaDy - [GGTHE]
00029'G 000069 00009/  €8629 9819 0L [1w] z ds'u ojjataajanpung - [2£918)
00002'¢ Q000¥9 00008, #6019 £G91°9 6601 [ 41 ds oupr - [0zZET0)
00080'G  0000F'9  00008. 98109 £EGT9 962 [ 1({p1o) snuuodissoua {N) smpopooun - [pgZ18]
00002'S  0DOOV9  00009L  €6€29 oOpk19 2LY [1w] dnoub snjjapad sadipuajouoiy - [Op8E8)
00002'G  0000F'9  00009L . 64219 21P19 BEP [ 41 ds xAuaydooy - [00212]
00005'G 000099  00008. 22469 98219 9% [Iw] M2pqod (sndotoo1id0|154) sndojooidoay - [¢z81 8]
00008'G 000069 00062'L 1.66'G 12119 ie [1w] p4oqui owaboxap - [pG/81)
00008'v 000029 00006,  BOOO9 $9019 B2ZL [ 4] yoo|ow viAwsaqe|qy - [02142]
0000L'G  000OF'9 00005 .  GEEE9 1L60°9 X 4 { 4] dnouB snouow snsupiAuniopo|d - [0€268]
0o00GE'e 000099 0000L°/ 9129 EESD'9 ybb [ 4] wnypaowa) wauouays - [12GET7)
00001'S 000029  O000EL 9609 66809 Oge [1w] plj2so|id biuspunuqor - [o418/]
e 311, UDIpaW uoawW UDaW SUSI oIS 5219205
Y401 Y46z paiybrapm "oN

“aNoA OQ UDAU PaLybiam 3y AQ PayUDJ DXDY 24DUq2LJ2AUI0IDW AQ SUDILDIIUIIUOD PIA|OSSIP JOJ SIIESILDES U240 pUD UDW p24ybiap ‘T 2|qoL



000P8'G 00002/ 0000+’ 8 01199 86G.'9 98 [ 4] feqoxo midejadojz ] - [6806/]

000009 00006'9  00006'L  V9E99 8G0L'9 124 [1w] siioppouau siaog - [0g111)
00S019 00001TL 000028 8/96°9 16699 £6 [1w] piv|naLuD ofj231pniod - (121€0]
00008'G 000069  00006L  £G199 91699 689 [ 4] dnoub snjnwady (') sndosoai) - [0E408)
0000T'9 00000L 000018 ¥68G6'9 89899 9.LE [ 1] wnnbix2 owauouais - [O1GET]
000009 00000L 00008 19829 £G89'9 9¢ [ J] snjdwo (sadipuajoyaidy ) sadipuaiodAlg - [01££8)
00006'G 000069 000008  £2199 ££89°9 899 [ 41 ds ("7} sndojo214) - [01H08]
00008'G 000089 000008  8£0G9 10899 16¥1 [IW] dnoub snnbix2 snsupjAudioayy - [62968]
00006'G 000069 000008  GEGG'S 00899 169 [1w] snioraquiy sndAupio|N - [0GH8/]
00006'9 0000S'.  0000L8  GOZ89 L8499 2¢1 {1IW] stuuadijnoowoded pidojadoayy - [0G/8/]
00000'G 000099 000008 01999 26999 629 [TW] winjounuaay owauouais - [026€1)
00008'G 000069 000018 21469 20999 0GE 1 [ 4] wnaoy () winppadAjed - [0GHb8]
00006'G 000099  00008'L  GGGI9 £1699 22 [Iw] dnoub siuuoa14no snsuoiiuny - [20868)
000029 00000'L 000008  /B9L9 8699 98 [ 1] syuws ojj2wunuduaiy | - [0g128]
000019 0000TL 00002'8 £809°9 £EET9 £GE [Iw] wnubau winupoixaul owauoua4s - [06GET)
00002'G  0000V'9  0000B. #6809 02£9'9 ge2 [ 4] ds sn22417 - (00660]
0000S'G 0000Z9  00008YL 22069 199 0£9 [ 4] puax oj|2muowauaiy | - [14128]
00002'9 00001Z 000018 88299 6£19°0 22¥ { 1] ds pynvousna - [pOOET]
000009 0Q0000L 000008 6119 02199 141 { 4] ds puiaoya - [00ET2)
00009'c 000089 000018  G8bZ9 1609°5 24! [ 4] suanbauy snwouodydo.o4 - [OFOPE]
00008'G 000089 000067  GZ9%'9 12099 88 [ 1(wnjudousua) ui Ajuaruoy) ds uoao|0dd - [00€T1]
000029 00000,  0O0006'L 29699 80669 26 [1w] ds ojj2uyjjadwais - [O1268]
0000G'¢ 000669 00004, PPEY9 00.6'9 £L6 {1W] pioge) Danauoukuo) - [0LE0S)
O00ET'9 000089  00008'L 1/69'9 9064'9 12 [1w] ds owaboxai - (00£81)
0000L'G  0000L9  0Q008L  £2Bb9 19€6°9 EE9 [ d] ds pidojadoye - [008./]
00002'9 0000EL  000O%'8 264 9 £926'9 922 [ 4] 5119046 pj|240uan - [16HE0]
00006y O00OF'9 00008/  Lb2E9 12169 p811 [ 4 dnoub suaasa.qoib snsJaogAuny - [H1868)
00006'F 000059  O0006'L 96.£°9 8016’9 .969 [ ]1ds siaeg - [00111)
00080'9 000069  00008.L  b6EVS 1689 8.1 [ 4] ds snwoucuny20udis - [00/ 18]
0000LF 0000F9  0D0O0RL  LOEV9 296¥'9 806 [ 4] ds oydojadoyauo) - [00G. /]
00%19F 0000F'9 00008,  2IEH9 8¥GH9 £29 {1w] ds snsuvshupy - [00gGS]
000026 0000L9  00008L 62619 ATA BET [ 1 dnoub winjjaya(nd owiauouas - [09GET)
00002'G  0COOF'9  00008L /8229 £62b°9 191 Ur Aj4aw.04) ds uo2020.d Jo ds wn|idousua) - [00pTI]
EI A K52 UDIPaW UmeW UDAW BUOIIDIS saioadg
Y401 Y462 paaybram "oN :

"anoA OQ ub2w pajybram ay4 Aq paxyuvJ DXD} 24DIGRLIALIOODW AQ SUOILDJIUSIUOD PRAJOSSIP JOJ SIUSIEDES J2Y4O PUD LUD2W paiybiap 1 2|qoL



00000/ 00629°L 000068 98/2L 166¥%'2 82 [1w] 2opijauewaydy - {10661]

00006'9 0000G'L 000068  8OFPTL 2.8 L 172 { 1] 1 2dA) dnoub 1dinmuapudn sns.pAupiopol) - [19268]
000007, 00008°L 000068  HGOGL £00¥ £ LE [IW] sdaswo (d) wnyipadiiod - [Obtbel
000ETL 00008, 0000L'8 266€°L 228¢'4 B/ {1W] snunosqo snipojaoipuan) - [01£08]
00008'9  00009'L 000098  LGYEZ 16182 Ge [ 1 ds shsunjhuvioavy - [00968]
00006'9 00G/9'L 000068 16¥2L L9GE°Z 99 [1w] wouwiyfoo vaya|ang - {z6/68]
0001L9 0006G°L 000058 62924 611€°L 0L [Iw] dnoub potivapg Dwayany - [00Z28)
0000¥'G 0000L9  00006L  021F9 08.24 Gy [ 4] snuiut ('N) snipojsouny - [0g218)
0000G'9  0000F'L 000028  £L90T/ 6p02°2 641 { 1] vs1dpo0unDy Vjj21UUDWRURIY | - [10728]
O000E'9  00002°L 00002'8 GL169 YLLV L BLE {1W] obragsineyy sipaog - [02111)
00002'9  0000E'L 0000t'8 G0B0'Z GgIGl'Z 102 [1w] ds snwaudolaiawmvaoy - [0G918)
00008'¢ OO000EL  0000OF8  LOVO'L 9001/ bG [ 4] dnoub maso4iud (D) sndogoa1u) - [ObH08]
0008%'9 O0000EL 000018 9402 OvL0'L 12 [ 4 2us021q)0 ('d) winipadAjog - [0Eb#8)
0002.'9 0000G.  0000S8 0861/ 0/60L 16 { 1] su2121)ap pj|a40442G - [H2£9T)
0000b'9  OOOCOE'L OCOOOE'S 89689 Epe0’L LiL [ 1] wn|tay2|nd owauouais - [19G€1]
00006'G  0000L9  Q0006Z 68899 66669 €11 [Iw] oinpiAp)y “uu ds'u Djjauljjadwals - [0z2£G8]
000009  00000'L 000018 L0889 9666'9 GOE [Iw] wniooIA pwauouaLs - [06GET)
0000€'9 00002'L 000018  GLE89 IWLE'9 BEZ ‘apog P uosduiig nsuas) sad1ua|22,, bunaucuAlo) - [09£08)
0000¥'G 000089 000008  €0G69 L1669 2L [ 4] ds vidojadouayy - [0GE8/]
000029 00GLTL 000028 9%69'9 88V6'9 111 [ 1] wnyopoundoipaw owauouass - [OpGET]
00000'9 00006 000008 12299 L1E6'9 L01 [1w] ds paswayds - (00981}
000019 00G20'L  00002'8  OOD6'9 £¥16'9 9¢ [Iw] 1 ds'u punauouiuo) - [16£08)
000019 00002L 000028 9089 ¥288'9 811 [ 4] dnoub suoujwoyy oi)|1ig - [$0208)
000019 O00000L  O0006L  ¥9GL9 8898 1§43 [Iw] dnoub smuissyoulsIp snsupbjAuniodiyy - [61968]
00099'¢ 000019 000042 £2¥6°G v/98°9 26 [ ] ds sadipuajoudiq - [000E8]
0000Z'G  0000G9 00008,  GZIE9 bES9 092 [1w] ds pigajydoida|ouny - [000GT]
000019 00000L 000008  8bLL9 2089 ¥G1 "apog P uosdwig nsuas) ,wnjavd,, sadipuaioudiy - [0z8es]
000009 000069  00006L  O1¥G9 26289 DET [1w] snuajdwids ("N} snipojaous - [0/218]
00009'p 0G/BE9 00008,  E1H29 LE28'9 GOE [ ]wnjogoundiay owauouais - [08GET]
0000’9 00002'L 000028 11649 9989 BES [ 1] ds oiydAuosT - (002 Z1)
00008'G 000089 00008 £ 00269 928.°9 021 [ 4] psoun vuzhog - [606E2)
00009 ODO0E'L  OO00OEB  GI¥99 81449 8% [Iw] 20|a4pui4o2d sNwouo.IYIDIRY - [090+8]
000¥2'9 00009L 000088 01989 GLGL'9 1 ur Aj4awuo}) ds snypnojd Jo ds oja44uady - [00/L11]
ETIISA EYA UDIpayy uvaYy uvayy SuSHOIS sai52dg
Y401 Yig2 Pa4ybram "oN

“aN|oA () UDAW P24y biam ay4 AQ Pa)UDJ DXD) 240UG4IAUIOIDU AQ SUOHLDLLUIIUOD P2A|OSSIP JO4 SOUSIDLS JaYJ0 PUD Upaw pajybiap 1 2190y



000009 0000E'L 000098 892¢/ 8006’8 1€ [ 11 yBnouunpoow buuaduady - [810T1]

00019 0000G°L 000048 9622’2 EBEES |93 {IW] 7 ds'u snsupyAunyoungd - (106G8]
00066'9 0Q000L'L 00008'8 oY L 64208 1 [ 1) waboy woyaydiq - [OEVTT]
00098'9 O00G/9:  0000.8 0029/ 610872 0f [ 1ds sndogoa1u - [00108]
0000G'9 O00D0OK'L  0000V8 99204 286G L 64 [1w] ds pjjaydojAng - [00Z91]
00000/, 0000Lf  0000L'8  89bEL pa2G L b1 [ 1] dnoub sadiuojoastp pwa4any - [0z2228)
15, A UDIpaw uDaWy ucaw SuoI{oig sa3dg
Y401 Y462 pasybiam ‘of

“anoA OQ UDW Pagybiam a4 AQ PayUDJ DXD) 24D JIAUIOIDW AG SUOILDULUIIUCD PAA|OSSIP JOS SIISILDLS 43y J0 Pup ubawl pa4ybrap ‘1 2jqoy



00006+ 000029 00005°L Gge19 2868'q 6882 [d] HST4NNS 11193718 - [600-£4]

00000'9 000089 000008 BEGT9 Gr2e’s BY [ 1HSIJLYD QvaHLiY1d - [£00-4¥]
00008’y 000019  0000SL L6109 2028'G 628 [ 1 QvHs QuvzzZ19 - [€00-02]
00009y 000009 0000E"2L 2614'G 18’6 G696 [ 1 31ddvad ALIHM - [100-£4]
0000E'S 00GLZE9  00009. 26909 L16L°G 8G1 [ 1 HD¥3ad-1NOAL - [100-€9]
00005’y 000029  OODOEL  PPEES 0bGLG 2¢€ [ ]1¥319vQ 1Sva1 - [G20-08]
0000G'P 00008'S  00000.  888LG 9.1L'G ¥ae [ 1 HSTINNS HLNOWYYM - [£00-24]
00009y 000019  OQOQDE'L 12109 BE69'G 86/ {d] HSI4NNS QI3SNDIdWNd - [€10-£4)
000¥6'y 00G/2'9  00009.L  GE66'G 2¥99'G 941 [d] WN¥Q J3LYMHS IS - [100-68)
00000G 000029 0000€£'L v128'G 2929°¢ £001 [ 193139vQ 3Q1$22v18 - [600-08]
00001 0Q0009G  0000TZ 16616 ¥E09'G v9 [ ] MONNIWAOL 3dI41SX2v8 - [200-+G)
00002’y O00006'G  0000F.  69.6G rAZA K" rrO¥ [1] HSI4NNS Na3Ye - [800-L4)
00004’y  0000L'G 000669 166G 96b5'G Zve [ 143M2NnS Q311L04dS - [810-0%]
Q000G 000009  0000b .  v/88G 1€€6°G 1662 (L] QvaHTING MOT13A - [+00-L¥)
DO0OL'E  00008Y 000089 6960°'G (3444 G9 [ 1 33x2nsanH2 %3342 - [020-0t)
00001y 000096 00000/ ¥/99°¢G 662G 127 (d] 1383D1d SSYY9 - [100-LE]
000E£8'E 0Q00GE'S 000069 peleG ¥86E°S g9 [ ] 331d N9IHLYON - [€00-2£]
00006y 000009  0000F/.  GOIGG £/8€°G 98¢ [ THSTINNS Q31 LOdS3ONYHO - [010-£4]
00002’y 00009°G 000069 166£'G 6.0€°G 229 [ 1 ¥3aNTHS NI4Q3Y - (€20-€4]
00006’y 000009  0000E. 1218'G G662'G G202 (1] dav2 NOWWOD - [100-£¥]
00006t O000G9'S 000089  8B1LG L1226 b9 [1Ssva LIHM - [100-¥24)
000£0'G 000019  0000EL 22209 y022'G L2 [ 1 HSIdNNS ¥v3Q3y - [210-£4]
0000b'G 0000¥'9  00009.L  £998¢ 61906 6€ [ 1d3envs - [100-08]
00008'E  00002°G 000069 9GG6' Y 6960'G 681 [1woigvw 310dQvL - [€10-2¥]
0000G'E 00006+  0000S9 9898+ 1646'F 601 [1] HSI4Q109 X duv2 NOWWO? - [6+0-£4)
00002’ 00000  OOODE9  HI%6+ 9%6¥6r EY [ 1 HOY3d 3LIHM - [€00-42]
00009'€  00006F 000009  L9G9'b 8928 0¢ [d] ¥3NIHS TIVILOdS - [820-€¥]
00008'E 0000F'G 000089  099€G 1661t G2€ 1] Qv3HIINg NMOYE - [€00-£b]
0000E'E  00000'S 000069  /8.6F £02L'Y L1G (1] ¥3NIHS N3Q109 - [€00-E¥]
00000F 0000FP'G 000069  2+82¢ 9EL9Y B6¥ [d] Q¥3HIINE X2v18 - [900-£+]
00009t 0000EG  0000T/. 06266 ZI18h'd bL11 [L) MONNIW Q¥3HLVd - [2b0-£¥]
DOOG1'E 00008y  QOO0G9 1.2¥'G £291t 26GE (L] MONNIWQANW TvdLN3D - [100-#£]
00008'2 00005t  0000G'9 ¥.L22G SIETY 292 [L]1 HS14Q709 - [200-€ 4]
[E5A 25, UDIp3W uewy ubaYy SUSIIoIS s212dg
Y401 Y462 pPasybram "oN

“aN[bA O UDIW Pa4ybram 2y AQ paXuDa 52122ds YSIS AQ SUOILDJLUIUOD (HQ] 4O} SI1JSI4DLS J2L40 PUD OQ UD2W paiybiap "2 2qo).



0000L'G  0000.L'9 00006/ £28G9 9969'9 26€1 (wl 3530HQ3y N3Q102 - [010-0t)

0000’y 000009 00002/ 18946 G¥E9'9 v8z {1 31ddva2 Yove - [200-24]
00000°'G 0000’9 000008  91bEQ ¥629°9 £G8E {193M0Y3ANOLS WHLINID - [PPO-E]
000006 0000V'9 000008 GIvE9 ¥629'9 £G8E [ 1 4371043aNOLS VHINDD - [¥P0-€b]
0000G'G 00009  00008L 1289 16199 Gove (W] %3 LdvQ 3QISN33Y9 - [610-08]
0000L'G 000089 000008  £1.G679 Y0199 98G1 [wl sSvg HLNOWTYWS - [p00-£4]
0000b'c  00&Z¥'9 000092 BOEL 9 GB09'% BEE [ 1ssva qat1iods - [600-24]
000029 0000GL  0000E8 66989 r1%6'9 16 (1] 9NHD 243918 - [L00-€)
00000'G  0000V9 00009,  BBEZ9 2EEG9 99/ [ 1 43NTIHS NOWWO?D - (920-€¥]
000009 00006'9 000018  GB2S9 #1259 0261 {W] ¥INIHS ANVS - [FE0-£P)
0000¥'G 000059 000062  GP9T9 66169 629 [ 1 MONNIW HL1NOWXIIINS - [GT0-EV]
0000L'9 00009L 000016 00099 699t 22 [w] 8nH2 1DAVYY2 - [600-EV]
00001'G 006299 00006~ €L9€9 2P 9 291 : [ 1 AQudwv " J00u8 LSv31-[900-10]
00008'G 00009  0Q0009. 22049 819 9 (W] ¥3LuvQ ANSNA - {$00-08]
00001'GS  0000F9  0000LL  OBGES 61EH'9 2vLz [ 1 ¥3NIHS Q34TALS - [G20-€b)
00006'¢ 000099 00008/ £9/€°9 2L0V'9 1622 []1ssvaN00d - (€00-£4]
0000E'G 000069  0000L/.  1G629 £90+'9 909 [W] Y3ANIHS NId4350Y - [b20-E¥)
00262'G  0D0OE'9  00009L vG0T9 826€°9 B 1 {1 Hou3d MOT3A - [£00-08]
0000£'G 000069  00008. 92629 ¥6LE'9 8291 [ ] 43NIHS NIL1OdS - [2€0-E4]
0000G'¢ 0Q000G'9  00008.  62¥29 Zrbe9 bLE [ 1 HSI4LY2 1aNNYHD - [200-L¥]
0000F'c  0000F'9  0000G'Z 8¥0£'9 12629 196 (wl Hou3ade01 - [110-08]
0000T'9 00000'L Q00018  2/699 9£42'9 081 [1] ¥3NIHS DIWIW - [GEQ-E]
0000b'y 000009  0000VZ  9/60°9 98£1'9 0S¥ [ ] ¥319vQ LYOTdH139NVRO - [£20-08]
0000V P 000019  0000GL  v2PT9 8¥21'9 £62h (1] 8NH2 X33x0 - [E10-€ 4]
00002'¢  0000F'9 00009'L 89809 Z¥80°9 ¥91 (W] 3Q1S¥3AIS Moods - (100-0/]
00008’y 000029 00009,  28GT9 £€80'9 bOSY [1] MONNIW 3SONLNNTE - [E¥O-E]
00008'¢ OO00E9 000008  8ZH29 #0909 GLE [ 1 93onSddv? ¥2vamiInd - [Go0-0b]
00008'¥y 000029 0000V L 60119 86609 ‘EOET (W] HSTJINNS dv3anNo - [110-£4)
00008'€ 000096  00002.L 80109 8EGO'9 261 [ 130v83™MoLLS 300us - [100-66)
00009’y 00002'9 0000¢'£ €219 ¥840'9 9G2¥ (11 92Ns ALTHM - [910-0%]
000006 OOO0IE9 000092 66229 6500'9 £162 [ ] ¥31dvQ ANNHOL - [#10-08]
000009  0000T'L 00002'8 rA4a’k, G/16G 26 [ 1 dv9 3SONONON - [$00-01]
00000'S  000DE™D 00006 £G219 £016'G gzze [ 1ssvg HLNOW39dY - [900-24]
2%, A% UDIp3Wy  uobeyy  UDAW SUSIIBIS $a10adg
Y401 Y462 pasybram "oN

“2nfoA OQ Upaw pajybiam 2yl Aq payupd sa122ds ysi) AQ SUOILDUUIIUCD (] 40 SD1ESHDLS J2YL0 pup OQ uoaw pajybrap “z 2|qo



0000¥'G  00GLY'L 000006 608/ L mmmo_w 65 [11n0dL MO8NIvY - [200-62]

0008€'8 000016 00062'6 r1EG8 $9v9'8 Ge [S] MONNIW Q31L3NaNOL - [¥10-€4)
0000€’.  0000V'8 0000t'6 28908 6878 g8 {3} A3ddWv 1 X004a dawy - [£00-10]
0000¥ L  0000b'8 0000F'6 9066 'L 99164 £G [ ] LnodL Nmods - [100-62]
00002'9  ODOOE'L 0000¢'8 €160/ 9G99°L Ggs [ 1 NIdIN2S Q31LLOW - [200-06]
000099 0000G. 000068 22921 206%°L £2¥ (1} 8NHD ¥3ATY - [G00-E 4]
0000E'9 000022 0000£'8 0GE6'9 2at A £29 [1] WwOLQ¥YW Lv23NOLS - [B0O-Lb]
0000L ¥ 00089  Q00Ob'S 16€0°L GEEZ'L 161 (1] 30vQ 3Q15Q3d - [£10-£4}
00009'G 00000, 00006, G2LT9 6£22°L oV [ 1 ¥3NIHS HLNOWS14 - [E€0-E4)
000049 00006/ 00006'8 B9G T/ LIV L €48 [1} YINIHS 32V IASON - [220-€ 4]
000089 00009~ 000098 21L0'L 0890°L 6E1 (1} ¥3Ldvq 3Lv93TdvA - [L10-08]
00016'¢  0000G'9 000008 19£6°9 9.£0'2 2€E [ 132vQ A1139Q3% 'HLNOS - [910-€+]
00008'G 000089 000008 21699 G020'L 2062 [W] 33)9NS 20H NY3HLYON - [G10-0%]
0000LF  0000G9 00008°2 EYEG9 G6G6'9 G961 (1] 30va asoNovg - [110-£4]
0000L'G 000089 00006,  GGD9'9 LpG6'9 £91 (W] 3530HQ3Y QYIHLAIOHS - [110-0%]
0000%'9 00002°L 000028  E£b689 6E€6°9 28% (1] 3SHOHQIY NV 1g - [600-0%]
00006'G 000060  0000T8  88/99 88p8'9 9102 (w] 3313vQ MOSNIVY - [220-08]
00002'¢  0000¥'9 000064 POPG'9 92€8'9 162 [ 1 ¥43NIHS Qivyawa - [020-€+]
00066'G  0D006'% 00000'8 6009'9 1928'9 66z [1] 8NHD QY3IHANYOH - [+00-€ ]
000069 0000¥L  0000L8  669F9 L6189 £8 [d] ¥3INIHS ¥010271331S - [180-E ]
0000E'S 0000L9  00006'L  ¥E9S9 62189 06GT [ ] MONNIW MY LU3ATIS - [6E0-€4]
00006'G 000069 000008 8929 ¥96.°9 8e8 (11 ¥319vQ Q3ANVE - [910-08]
0009L'G  0000L'S 00006/ E¥9b'9 06249 862 [w] 23540HQ3Y YIAIS - [800-04)
0009€'9 0000EL  O000VB  8.bG9 16229 102 [1] WOLQVYW Q31aNIY8 - [210-24)
0000F'9 00620L 00008 96299 YOTL'9 12 (4] ¥31¥vQ QY3HY3AN3S - [£00-08]
000009 000069  0000T8  €2G99 86049 61 . (1) ¥3aNIHS ¥3ATIS - [120-¢4)
00005°'G 000049 00006/ 904’9 11699 0261 [ 1¥3.L3vQ 1Iv.LINYd - [#20-08)
EITIA 214, L ETY uoay uvay SUO[}D}G 52129dg
Y401 Y462 pasybram “oN

"an|oa OQ uoaw pajybiam ay) AQ pasjuod s212ads yS1§ AQ SUOILDILUIILOD OQ «0) SI1ISIIDLS JaYL0 pUD OQ Upawl payybrap "2 2|qoy



REPRODUCTIVE BIOLOGY
AND

EARLY Lll*(’)% HISTORY
FISHES
IN THE
OHIO RIVER DRAINAGE

Ictaluridae — Catfish and Madtoms
VOLUME 3

Thomas P. Simon

Robert Wallus

ooooooooooooooooooooooooooooooooooooo




T L

|
i

i Library of Congress Cataloging-in-Publication Data

Simon, Thomas P.

Reproductive biology and early life history of fishes in the Ohic River drainage / Thomas

P. Simon and Robernt Wallus.
p. cm.

Rev. ed. of Reproductive biology and early life history of fishes in the Ohio River
drainage / principal authors, Robert Wallus, Bruce L. Yeager. 1990.

Description based on v, 3 published in 2003.

Includes bibliographical references (p. ).

I$SBN 0-8493-1919-6 (alk. paper)

1. Fishes —Oliio River-- Repraduction. 2. Fishes —Ohio River— Development. I Wallus,

Robert. 1I. Wallus, Robert. Reproductive biology and early life history of fishes in the
Ohio River drainage. II1. Title.

QL628.033556 2003

571.817—dc22 2003055777

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted with permission, and sources
are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish reliable data and information, but the author
and the publisher capnot assume responsibility for the validity of all materials or for the consequences of their use.

Neither this book nor any part may be reproduced or transmitted in any form or by any rgeans, electrenic or mechanical. incfuding photocopying.
microfilming, and recording, or by any information storage or retrieval system, without prior permission in writing from the publisher.

The consent of CRC Press LLC does not extend to copying for general disuibution. for promotion, for creating new works. or for resale. Specific
permission must be obtained in writing from CRC Press LLC for such copywng.

Direct all inguiries to CRC Press LLC, 2000 N.W. Corporate Blvd.. Boca Raton. Florida 33431,

Trademark Netice: Preduct or corporate names may be trademarks or registered trademarks, and are used enly for identification and explanation.
without intent to infringe.

Visit the CRC Press Web site at www.crcpress.com
© 2004 by CRC Press LLC

No claim to original U.S. Government works
Imernational Standard Book Number -8493-1819-6
Library of Congress Card Number 2003055777
Printed in the United States of America 1 23245678290
Printed on acid-free paper



100 — REPRODUCTIVE BIOLOGY AND EARLY LIFE HISTORY OF FISHES

CHANNEL CATFISH

Ictalurus punctatus (Rafinesque)

Ictalirus, Greek: “fish cat”; punctatus, Latin: “spotted.”

RANGE

Native range is central drainages of the U.S. into
southern Canada, and possibly parts of the Atlantic
coast; from west TX, northern Mexico along Gulf
slope into peninsular FL.! Newly recorded from
Lake Michigan drainage of IL.1%

HABITAT AND MOVEMENT

Occupies a variety of substrates.”!® QOccurs pre-
dominantly in streams, rivers, and big rivers in
deep pools near cover or in areas with current over
a firm sand or gravel, rocky bottom; also occupies
the open waters of impoundments; avoids clear,
cool upland streamns and rivers.** Seeks deep pools,
submerged lugs, and overhanging banks by day, and
at night moves to shallow areas to feed %1% Spawn-
ers may not migrate into nearby rivers.?® Prefers
bendway and tailwater habitats of large rivers over
main channel habitats.# Runoff (fraction of stream
area consisting of runs) and water temperature
account for nearly half the variability in biomass.!”
In IL, correlations for channel catfish 100 mm TL
were not found; however, the presence of 300 mm
fish was highly correlated with water velocity, per-
cent instream cover, and percent pool.’®?

Tagging studies have shown varied and often dis-
crepant movement patterns.® Approximately 50%
of recaptured (tagged) fish moved less than 2.5
miles during a 2-year period; the remainder were
evenly dispersed upstream and downstream with
mean distances of movement of 5.1 and 5.6 miles,
respectively. The greatest distances recorded were
70 miles downstream and 155 miles upstream.”
Moves greater distances in the spring than in the
fall, usually moving upstream in the spring and
downstream in the fall>® Winter survival is high
and may cause little loss in total body weight.®

DISTRIBUTION AND
OCCURRENCE IN THE
OHIO RIVER SYSTEM

Common to abundant’®! and distributed almost
uniformly throughout the Ohio River.”* In KY, gen-

erally distributed and common throughout the
state.? Occurs throughout IL, abundant in larger
streams and major rivers.* In PA, occurs in the
Allegheny and Monongahela Rivers.” In WV, occurs
in the Little Kanawha and Kanawha Rivers below
the Falls, possibly native but may be introduced
above the Falls*% Widespread and abundant in
TN.¥ Present in most Tennessee River system trib-
utaries of AL,"® western NC,*! and VA8

SPAWNING

Location

In cavities under logs, rocks, undercut banks, or
drift;%102527108 in burrows of muskrats and bea-
vers;? in artifical nests, such as nail kegs, in
ponds;*? at depths ranging from a few inches to
several feet;*1 also in small streams;® sometimes in
very swift water.” Successful spawning in cans has
been reported at depths of 5 m ®

Season

Late spring in NY;” June-August in upper Missis-
sippi River;** March and April, but mostly June and
July in SC* June and July in OK;¥ early to late
Junie in WI;'® prior to mid-June in SD;'° May to
July in MO# and AR;* sometimes with two spawn-
ing peaks per season.’! Yolk-sac larvae and early
juveniles were collected mid-May through August
with peaks in June and July in the Tennessee and
lower Ohio Rivers;* gravid temales collected as late
as August in AL.!% Begins in late May and peaks
in late June-early July in VA7

Temperature

Between 21 and 29.4°C;2%18245385 in TX, usually
between 21 and 27°C, with most spawning at
21.7°C, but spawning occurred at 15.9°C, after the
water temperature had exceeded 21°C;"* optimum
about 27°C;1% in the low to mid-70s (F) in WL®
Based on yolk-sac larval and early juvenile collec-
tions, estimated range of spawning temperatures is
19-31°C (optimum 22-28°C).*

Fecundity

Females 14 lbs produced approximately 4000 eggs;
estimated fecundity for a female 660 mm was 34,500
eggs;? other reports of 1052 to 70,000' and 1500 to
52,000.284142% In JA, number of eggs per mature
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