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NOTICE 7O USERS

A1l methods and procedures for the use of bioiogice) criteris contained and/or
- referred to in-these volumes supercede those described in any previocus Ohie
EPA manuals, reports, policies, and publications dealing with blological
evaluation, designation of aquatic 1ife uses, or the evaluation of aquatic
1ife use attainment. Users of ‘these criteria and supparting f1eld methods,
data analyses, and study design should conform to that presented or referenced

in these .volumes (and subsequent revisions) to be applicable under the Ohio
Hater Quaiity Standards (WGS; VAC 3745-1).

Three volumes. :omprise the supporting documentation for setting and using
biclogical criteria in Ohlo. A1) three volumes are needed to use the
biologica ”rﬁteria, impYement ‘the field and labaratory procedures, and

understand the principles behind their developnent, use, and app]icatinn
These volumes are: .

Ohie Environmental Protectﬁon Agenty. 1987. Biological criferia for the
protection of aquatic 11fe: Volume I. The role of b1o)ogica! data in
ter-quality assessment. Division of Water Quality Honitoring and’
t, Surface Water Section, Columbus, Bhic.

Ohio: Environmenial Protection Agency, 1987, Biological cr%teria_fcr ihe
~ rotection of aquitic 1ife: Volume [i. Users manual for bia
essment of Ohio surface waters. '

Ohio Environm&ntal Protection Agency, 1987, Biological criteria for the
roter of aquat1c life' VOlume 111. Standardized bio]ogical field

ng
communities Divﬁston of Hater Quality Honﬁtoring and Asseggmw :
‘Columbus, Ohio. ‘

In addition, one othér publication from the Stream Regionalization Project is
recommended o al} users:

whittier, T.R., D.P. Larsen, R.M. Hughes, C.H. Rohm, A.L. GalTant, and J.M.
Omernik. 1987. The Ohio stream regionalization project 3 compendium of
results. U.S. EPA - Environmental Res. Lab, Corvallis, OR.
EPA/BDQ}3—8?/025 66 pp.

These documents can be obtained by writing:

Dhie Environmental Protection Agency
“Diviston of wWater Quality Monitoring and Assessment
1800 WaterMark Orive, P.D. Box 1049
Columbus, Ohio 432656-0149

Other recommended and helpful liferature is listed in the references of each
voiume.
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Volume 1i. Users Manual for Blological Field
Assessment of Ohlo Surface Waters

SECTION 1:  INTRODUCTION
Background

A princigal cbjectiwe of the Clean MWater Act (CWA) 45 to restore and maiﬁtaﬁn
the btological integrity of surface waters, Although this obji cEive
fundamentai?y *HioTogical® in nature the specific methods by which reguiatorg
agencies are attempting fo reach this objective are predemﬁnateﬁ by such
non-biological measures as chemical/physical water quality {Karr et a1
1986). The rationale for this process is well known - chemical. -
deve1uped through toxicological studies of representative aqu
SETVE a5 surrngates for measuring the attatnment of the bio}ogﬁ
of the CHA ‘Whole effluent toxicity testing offers an improvem

dly - .
,:im@azis. The
presumption 15 that Amprovements 1n chemical uater qua11ty wi 7 be followed by

bip]ogﬁca? in;egrity : A%though this type of'ap oacn may

g decline
.. Because

_i‘tegr ty is affected by thase factors in additio {
, controlling chemical discharges alone daes nat{in"ﬁtse?f assure

water qual

y,
-~ ‘the restoration ‘of biologica) integr%ty (Kart et al. 1988).

Ohio Water Quality Standards (OAC 3745-1) are designed to provide i basis for
protecting and restoring surface waters for a variety of uses, including the
protection and propagation of aquatic 1ife. Adquatic 1ife protection eriteria
consist of tiered aquatic 1ife uses which are defined in DAC-3745-1-07. These
include Warmwater Habitat (wWH), Exceptional Warmwater Habitat: (EHH}, Cold
Water Hahitat {CHH) Seasonal Salmonid Habitat (Ssﬂ), and” L%miteé Resoyrce
Waters (Modifled Warmwater Habitat will be proposed) . Each of these uyse
designations have been qualitatively defined in- genera1 ecological terms ip
the WQS and chemical-numeric criterta are assigned on a ‘parameter-by-parameter
or harrative ‘basis. In addition to this Ohic EPA has specifically defined the
WWH, EWH, and CWH use designations based on measurable characteristics of
1nstream fish and macroinveriebrate communities {Ohio £PA 1884).

Since 1980 Ghio £0A has used measurable characteristics of instream fish and
macroinvertebrate -communities (expressed as numerical and narrative biological
‘criteria) to quantitative}y determine use attainment/non-attainment in flowing
waters. Examples of this use are the derivation of water. quality-based
effluent 1imits (formerly the CWOQR process), the biennial 305b water quality
report, and the Priority Water Quality Area-Municipal Project Priority List
(PWQA-MPPL) system. Other recent uses of this evaluation technigque include
evaluation of dredge and fi11 projects (t.e. 4 certification), nonpoint
source profiles, validation of effluent toxicity test results, and the
discovery of previously unknown or poorly understood environmenLaX problems,

1-1
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The Biological Basis for Determining Use Attainment/Non-Attainment

Aquatic 1ife use attalnment has traditicnally been determined on a chemica)l
basis. This was accomplished by collecting water samples, conducting chemica)
analysis, and comparing results with water quality criteria. If excesdences
of specific chemical criteria were observed it was then assumed that the
designated use was not being attained. However, it has been our experience
that this approath has some significant shor tcom1ngs particularly when
chemical results are compared to the response of the resident biota.
Biglogical measures have indicated non-attainment when chemica) WQS were not
exceeded and visa versa. These "conflicis® occur for several reasons the most
important of which are the design of most chemical samp\ing programs,
*inadequacies” of the criteria themselves, and the fact ‘that the biota respond
-to non-chemical perturbations of the environment. Some substances (e.g.
sediment, nutrients) which are common constituents of both paint and nonpoint
sources exert their negative effects by means other than toxicity These
substances are generally ‘not included in water quality tr :
ﬁocuments because there is no toxicity basis for developd
criterion. Thus 1% has not been pessible to develop thr
for aquatic Tife comparab1e to the chronic and acute to

tive effects by

ncluded in WQS
ata to deveiop a criter1on is lacking. In pa. response 1o this

_prohlem ection 308 of the Water Quality Act of 1987 dire U.S. EPA to
develop biolog1cal evaluation techniques as an a]ternative_,o the

pollutant- bymeIIutant approach for toxic chemicals. This volume: presents an
-approach toward fu1fﬁ1]ﬁng this mandate

To. reseive some of the stated shortcomings of a strictly themical approach to
defining aquatic 1ife use impatrment we introduce the use. of ‘biologica)
criteria to determine the magnitude and severity of environmental degradation
d%rectly. This approach has some important advantages

1. Some organism groups, particularly fish and macroinvertebrates, inhabit
the receiving waters continuously or for most of their 1ife cyclé and as
such are a reflection of the past chemical, physical, and. biological
history of the receiving waters (ﬁncludes healthy. not transient

communities). Hence they are continuous monitors of the quality of the
- aquatic environment.

*

7. Resident biological communities are integrators of the prevailing and past
chemical, physical, and blological history of the receiving waters, 1.e.
they ref!ect the dynamic interactions of stream flow, pollutant loadings,
habitat, toxicity, and chemical guality that are not comprehensively
measured by chemical or short-term bloassay results alone

3. Many fish species and invertebrate groups have 1ife spans of several years
{2-70 yrs. and longer), thus the condition of the biota i3 an indication
af both past and recent environmental conditions. Biological surveys need
‘not be conduycted under absolute "worst case” conditions to provide a
comprehensive and meaningfu) evaluation of uyse attainment/non-attainment.

1-2
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4. Biological assessment technﬁques have progressed to the point that ‘
incremental degrees and types of degradation can be determined and
presented as numerical evaluations (e.q. Index of Biotic Integrity,
Invertebrate Conmunity Index etc.) that have practical relevance.
5.

Biological community condition portrays the resulis of water quality
management effarts in direct terms, 3.e. increases and decreases in
community hea\th {as reflected by blological community structure ang.
function) are a meaningful measure of regulatory program Progress.

6. Biological assessments at the sub comaunity level (e.q. fish,
macroﬁnveftebrates) are a workable, affordable, and cost- effective
- monitoring activity for state regulatory agencies {Chio TPA 1936)

The ctondition of the aquatﬁc community as revealed by the above ment
measures is the iniegrated result of the chemﬁca] phy;ﬁca1 and b
processes in the. receiving waters :

51nce fhis endpoint can be quantﬁried 1n measurab1e
be estab]ished that represent direct measures'

terms, critgri’
attainment/no
for fish and

quality. A recerit b?o i?a ana1ysis 6f program costs shows th

blological Fleld data §s cost competitive with chemical and bigassay
evaluations {Ohio EPA 1986). :

BioloqicaW Eri&erfa

phio EPA has. used numerical and narratﬁve biological criterta based on Fish
and macroinvertebrates for quantitatively determining aquatic 1ife .use
attainment/non-attainment since 1980. For fish the Index of we!1«ﬁeing
{Gammon 1976; Gammon. 1980; Gammon gt 31. 1981) was the principal basis” For
determining use .atta? nment- For macroinvertebrates a system of narrative
criteria were used wh';h are based on specific macroinvertebrate commua%ty
characteristics (DeShon et al. 1980). ‘These criteria and analyses. are
*structural® in that thay are based on community aspects such as :
numbers, and blomass. Wore recently measures that incorporate can unﬁty
“function” {i.e. feeding sirategy, environmental tolerance, disease- svmptoms)
have been 1ucorpurated ihto the program. for fish the Index of Well -Being is
retained in a modified form (Appendix €) and the Index of Biotic 1ﬁte§r1ty_
(181; Xarr 1981; Karr et al. 1986) is added. Ffor macroinvertebrates the
Inverieprate: Casmunity Index {1C1) will supplant the narrative evaiua%ions
These are not merely diversity indices and should not be eguated %o or
confused with the more traditional information theory based indices {e.g.
Shannon index) or species richness. Although these structural attributes are
included, they are one component along with metrics ihat measure community
production, function, telerance, and reproduction. This provides for a
rigorous, ecologically oriented approach to assessing aquatic community health

1-3
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and well-being.  The rationale, development, and applicatton uf these indices
s discussed in detaﬁl iater in this document.

The application of these methods and criteria hdve been tested over z wide

range of surface water body sizes and types, and a wide range of physical and
chemical conditions 4n Ohio and elsewhere. More than 330 rivers and streams

covering more than 5,300 stream miles have been biologically evaluated by Onio

EPA since 1979. This has included impact assessments for more than 700 point
‘source discharges, a wide variety of nonpoint source influences, combined
sewer overflow and stormwater discharges, sewdge. ptan; bypasses, accidental
spills,-and previously unknown or unregulated discharges

Eva]uatﬁng Bioloq1c31 Inteqrity

The term 'biotagita1 integrity” origﬁnates fra  the Water Pollution Control
Act amendments of 1972 (PL 92-500) and has beg ried in subsequent
Tevisions (PL 95-217; PL 100-1). Early attempts to define biological
integrity in ways’ "that 1t could be used to measure attainment of legislative
‘goals were inconclusive (Ballentine and Guarrie 1975). These efforts to
“define bio]ogica1 4ntegrity focused on the de - of some pristine _
jcondition ‘that ‘exists in few, 1f any, ecosys “the conterminous United
. States. Hugheﬁ et al. (1982) concluded that jical integrity, when

114 to precisely define and
assess. The pristine definition of biologic “Antegrity was considered a
conceptual goal towards which pollution abat arts should strive,

~although current, past, and future water and‘1and»use§ may prevent its full
realization.:

For the purposes of the Ohio Water Quality Standardg (NQS) biologica%
integrity is practically defined as the ability an 3quatic ecasystem to
support and matntain a balanced, integrated, ad tive community of organisms
having a species composition, diversity, ;qﬁ fu onal organization
comparable to that of the best natural habit in a region (Karr and
Dudley 1981). ‘This is consistent with the recommendations of Hughes et al.
(1982) and Karr et al. (1986). Thus the methads: ‘by:which the foi]ou;ng
bio1og5ca1 criteria have been established reflect this definition.

Biological definttion of use attainment/non-attainmeént s made possible by
wmonitoring aquatic communities directly. This is accomplished by
standardized, gquantitative sampling technigues which are described in the Ohio
- EPA nanual of Surveillance Methods and Quality Assurance Practices (Ohio EPA
1987a). Management decisions based on biological criteria must be made with
the involvement of an aquatic biclogist familiar with the specific methods,
4ndices, and criteria being used (Karr et al. 1986). A sound familiarity with
the regional fauna is also needed to ensure evaluations that are ecologically
sound. Careful sampling is a necessity and requires the involvement of
trained personnel who are able to contend with the site specific
characteristics of different surface water bodies. Finally, taxonomic
expertise must be adequate to accomplish organism Vdentifications to the
required level (Ohio EPA 1987a). Karr et al. {1986) provide additional

A o N I N e T o M 0

R R R AR PR




oc. 0016e/0382L Users Hanual

October 30, 1987

Procedure No. HQHA SHS-6 Date Tssued _11/02/87
Revision No. 1 * fffective 11/0’/87

cautlons associated with using and interpreting biological data. These are
general guidelines and cautions - more specific details are given later in
this manual and in the Ohio EPA gquality assurance manual {Ohio EPA 18B87a).

S$i% criteria that bicloqical monitoring programs should satisfy have been

def ined {Rerricks and Schaeffer 19B5). These requirements and how the Ohie
EPA apgroach satisfies them are: ‘

T;

2.

The ecological diversity of each of the three indi"
‘two organism groups that have species whith. funct

The measures used must be bioloaical: The 18I, modified Iwb, and 1CI -

‘are based soley on biological community attributes.

The measures must be interpretable at several trophic levels or provide.a

conhection to other organisms not directly involved in the monitoring:
vand ‘the inclusion of

levels satisfies this requirement

The measure must be sensitive 4o the environmental conditions being

monitored: The inherently *broad” ability of ‘fish and macroinvertebrates
to reflect and integrate a wide variety of envﬁrﬂnm”’
‘Ohio EPA 1987b; Table 2, Figures 1 and 5} and the *
’anﬁ 1C1 metrics themselves satlsfy this ‘requirement.

al stresses (see
sdundancy® of the 1Bl

“The_response range {1.e. sensttiyity)vofnthe-meaSUFa must be suitable for
the intended application: The biological indices and organism groups used
by Ohio EPA have been demonstrated to have a high ﬂegree of sensitivity to

even small, subtle changes in the environmentvand a wide variety of
environmental disturbance types (Dhio EPA 1987h). One example 15 the
ability to discern community dﬁfferences betueen streams of the same use

designation.

The measure must be reproducible and precise. within defined and acceptable
Timits for data collected over space and time: Both the fish and

macroinvertebrate sampiing methods and evaluation indices have been shown
to have consistent, reproducible expectations within acceptable limits
{Appendices B-D). Carefully following prescribed field and laboratory
methods 1s a prervequisite to meeting this requirément.

Vafiabiiity of thg_mgasure(5§=must be low: The variabi}ﬁty inherent to-
each of the three blological indices being proposed has been shown to be
quite low and withipn acceptable Himits at relatively undisturbed sites.
Variation between samples clearly increases with envirommental disturbance
{Appendices B-0). Satisfying this requirement involves understanding the

nature of variability that may come from sampling frequency or saasonal
influences.

Rarr et al. (1986) evaluated the applicability of the IBI based on fish to

these criteria and found that it satisfied the six requiremenis. The use of

two additional indices and one additional organism group by Ohio EPA further

satisfies these demands. Several of these requirements, particularly numbe-
5 and 6, are addressed later in this manual.

1-5
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‘their 1ife history, distribution, and environmental tolerances. The need to

differences that tend to be complementary in an environmental evaluatian. The

‘unnoticed ar unresolved in the absence of information from exther organism
'group.
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The choice of both fish and macreinvertebrates as the routine organism groups !
to monitor was made because both groups have been widely used in water :
polluticn investigations and there is an abundance of infoarmation concerning

use both groups is apparent in the ecological differences between them,
value of having both groups showing the same. general indication {1.e.

confirmation) s important. Apparent differences in the responses of these
two groups has usually led to the definition of prablems which would have gone

R e
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SECTION 2: UEFIHINB BACKGROUND CONOITIONS

In order to establish biological criteria that are reflective of the
Tegislative goal of attaining biological inteqrity in surface waters 4
®calibration® of the metheds used to estabYish the criteria is needed. The
practical definition of biological integrity as the biological performance
exhibited by the natural or *least jmpacted® habitats of a particular region
provides the underlying basis for a sampling design to provide such
informatfyon. 1% should be noted that this 15 nut an attempt to chardcterize
*pristine® or totally undisturbed environmenta) conditions as such conditions
exist in only a very few places 1f at all {Hughes et al. 1482). Thus our
expectations of how a biological community should perform are determined by
the demonstrated attainability of natura) communities at *least 1mpacted“ or
reference sites within a particular biogeographical region.

Ecoregﬂon Concebt

The selectiop of control ar reference sites from which attainable biologsca1
conditions tan be defined s a key ¢ omp ent in establishing bislogical
criteria. Hughes et al. {1986) described "at least seven different. -approaches
that. have been used to estimate attainable biologice) conditions in surface
uaters.

Two 4 ‘these inc]ude th e o 7fare4ted watershed models’ (Vannnte et

selection of. unrepresentative contro% sttes or a subject3V° selectiun of
control sites. 1In some situations adequate contro) sites simply dé not
~exist. Ideally, reference sites for estimating attainable bﬁo}ogﬁca
conditions should be as *undisturbed” as possible and be representative of the
watershed for which they are to serve as a control. Such sites can Serve as
references far.a large number of ‘streams 1f the sites typify the range -of
physical characteristics within: azparticu?ar geographical region {Hughes et
- al. 1986). While 4t ¥s recognized that all individual water bodles differ to
some degree from each other, the basis for having regional reference sites is
the similarity. of uatersheds uithin -defined geographical) regions.. Generally
less vartability 15 eéxpected among surface waters within a particular region
than between regions. This ig ‘because surface waters, particularly streams,
- derive their basic characteristits fram their watersheds. Thus streams
draining comparable watersheds of a region are much more likely to be similar
than those from less comparable watersheds located in a different region.

In order to accomplish the selection of reference sites it was first necessary
to define *ecoreqions® within the state. An ecoregion 3is a relatively
homogenous area where the boundaries of several key geographic variables more
or less coincide (Hughes et al. 1986). The delineation of ecoregions 1is
accomplished by simultaneously examining patterns in the relative homogeneity
of several terrestrial variables (Omernik 1987). 7This is done because several
watershed variables, not just one or two, are presumed to have major and
controlling influences on aquaticecosystems (Hughes gt al. 1986).
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Omerntk (1987) mapped the aquatic ecoregions of the conterminous United States

from maps of land.surface form, solls, potential natura) vegetation, and land
yse. These maps were then analyzed to identify areas of combined, regional
homogeneity. This method seems most appropriate for classifying aquatsc
ecoregions because of the integrative ecelogical (versus technological and
reductionist) way it was developed, 1is Jevel of resolution, iis ﬁncorpara;won
of mapped physical, ‘themical, and biological information, and because it
requires no further data collection (Hughes et al1. 1986).

Ecoregions provide a geugraph&cal basis for estimating ecosystem responses to
management action -assuming ‘that most sites within each will respond similarly
to those actions (Bailey 1983). 1In using the ecoregion/reference site
approach the referen es serve as benchmarks for measuring the condition
same’ ecoregion Thus reference sites are used Io-

environment as 1s ecolog
with the definition pf"
the least disturb duhaﬁi
attainable conditions w

113 and soticeconomically possible. This fits well
oglcal integrity as the ecological performance of

iR an ecoregion cannot improve over time with
changes in popula -use, progress with nonpoint pollution abatement“
etc.. However, Tt does Ject what is currently and reasonably attainable
'ﬁven current sncieta?_v tivities.

In Ohio parts of fiv =
features of each &
these ecoregions 35

: regions oceur (Fﬂg 2~1) and the dist?nguﬁshing :
ven:in Table 2-1. A detailed narrative descriptton of
‘1}able in Whittier et al. (1987)

Criteria for SeTécifﬁntRéFé?éhcé»Sites

The process of select’
et al. (1986) and MWh
Regionalizatian Praject SR
10-300 square miles” these
sampled from 1981-1986.. R
300-6000 square miles were also seVécted from the Ohlo EPA data base
(1979-1986). These latter-sites in¢clude the larger streams and rivers from
across the state. The Jake level affected sections of Lake Erie tributaries
the Ohio River, and inland lakes. and reservoirs are not included in the

current analysis. “However, we p]an ‘to address these areas within the aeit'twa
to three years. '

tersheds and reference sites is outlined 4n Larsen
et al. (1987). While the 1983-84 Stream
Yy focused on watersheds with drainage arg
re supp]emented with additional data From.:

'The SRP study design (Larsen gt al. 1986; Whittler et al. 1987} was 1nitia]1g

lﬂmited to watersheds of less “than 300 square miles draﬁnage area. Candidate

watersheds were generaliy ccntaﬁned entirely within an ecoregion, but selectied

*cross-boundary” streams. were included for comparison. Watersheds with _
evidence of substantial human disturbance were eliminated. This was done by
examining maps of human population density, current and past Tand uses,

compiling a watershed disturbance ranking, and noting the size and Yoézation of

point source discharges. From this exercise "least-impacted” watersheds were
selected. These are not *pristine® or “und%sturbed“ watersheds (nune really
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Huron/Erie l’n-*lférzf.or Erio/Ontario Hestarn Alle- Eastern Corn
© Componont Lako Plain Plataau Lako Plain gheny Platoay Belt Plai_n;,-"»
~ (Nar thwast) (8. West) {Northaast)  (E./S. Eait) ¥, /Cantral)
HELP p - EQLP WAP ECBp
Land Sur{ace Flat plaing ifragular piaiﬁg Low ’fthigﬁ,’hills -Smooth plaing
Form .

(Hamond 1970)

1.and Use
{Andorsoa 1967}

Cropland with

pasture, wood«
tand, forest,

and urban

¥oodland, forest
with some crop-

Croptand

‘and’ ’forasi' woodtand, fcrnsflf

mostly ungrazed
56l tvarious

Homic-gley," lw - Alfisols

fddui¥s . Aliisols

land and pasture;

Cropland

Alfisois,
brows wdzol e/

souUrcas} humie glay,
. brown podzoiic/ hmic giey
humic glay

Potential ¥atur- Elw/ash forest Beech/maple Mixod aesophytic Beech/mapls
sl Yegetation porthern hard- forest (mple, forest
(Kuchier 1970) woods {mople,  buckeye, beach,

birch, beock,  fulip, ook, linden),

hemiock) Appatachisn oak
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exist in Ohio), but they do represent the best watershed conditions within an
ecoregion given the background activities prevalent in our society (see
Trautman 1881 for a description of ehanges during the period 1730 - present).
These watersheds represent the least-impacted conditions thus they shouid have
the least-impacted streams from an ecoregiona) viewpeint. The character of
these streams should reflect the reasonably attainable biological conditions

and water quality within-a particular ecoregicn given the prevailing
background ccnditinns

Final SRP site selection was made after making an aeriai and Yocal
reconnaissance of each candidate site and watershed. Factars considered 4n
this inspection included the amount of stream channel modification (if any),.
the condition of the vegetative riparian buffer, water volume, channel
morphology, substrate tharacter and condition,’ obvious color/odor prabiems,
~amount of woody debri$ and the genera1 “representativeness® of the site
within the ecoregion.  Field sampling was conducted for macroinvertebrates,
fish, and chemica%/physicg] water quality at 109 sites during 1983-84
_foIlowing Ohio EPA standardized methuds (Ohio EPA 1987a). Detailed
descriptions -of the Anstream habjtat were made by the bio]ogical field crews.
Chemical water quality data were also collected; the results are described
elsewhere {Larsen and Dud]ey ]987 Whittier et a} 1987).

fo1low1ng the field samp11ng portion of the project several sites were deleted
teristics were d1scovered that showed: these
st-impacted conditions. These are listed
oidance of small stream {i.e. drainage areas less
5 w1th ‘any history of channel modification was not
possible in the Huron/E Lake Plain ecoregion because of the extenvive
stream ¢hannel modifica Vwork ‘that has been dore in this area. Given the
amount of the land surface that s devoted to row crop sgriculture coupled
with the poor drainage characteristics of this ecoregion, this cendition could
arguably be termed a ®background" condition for the small streams of this
ecoregion. This particular problem is described in more detail 4n Section 6.
An examination of the entire Ohio EPA statewide data base (1379-13806)" resulted
tn the addition of near]y 200 sttes that also qualified as reference sites.
Kost of the added sites less than 300 square miles in size were sampled during

1981-1986. The Tocation of fish and macrotnvertebrate sites appear in Figs.
2-2 and 2-3.

than 300 square miles) ‘

Large stream and river sites were also selected and included sampling
conducted since 1980 for fish and 1981 for macroinvertebrates. The original
SRP study design did not include these areas. The criteria for choosing large
stream and river reference siteés was basically the same as the SRP study
design, except that using some sites located downstream from urban centers and
~ point sources could not be completely aveided. These consisted of ‘sites
located well downstream from these potential disturbances and below known
biological recovery points. No sites in direct proximity to any point sources
or within impounded or extensively modﬁfied dreas were used.
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Figure 2-2. Location of Ohio reference sites for fish
o within.each of the five ecoregions and
the three principal stream and river

sizes (termed boat methods, wading sites, R
and headwaters sites - each are indicated e

by different symbols; dashed lines and

shading indicates ecoregion boundaries). -]
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" Eastern Qorn Belt Plains
' "Humnﬁ‘ue Take Plain
‘Evie/Ontazio Lake Plain
Western Allegheny Platean
Interior- ?lateau

’Msﬁtﬁf

e Artifici=l Substrate

Eiqure "2—3.‘ Locaﬁon of Ohio reference sites for

macroinvertebrates within each of the SCALE
five ecoregions and the principal - o—
collection methods (artificial = . w e
substrates sites only; dashed lipes and "y
shading indicates ecoregion boundaries). ‘iga.u
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Supplement to Figs.

OHIO RIVER BASIN

1.
2.

¥Wabash R.
4. Beaver {r.
Breat Miamt R.

- 8. Whitewater R.

P 4]

Twi o

10.
1.
12.

13.

Jﬁ@mma
4

.

b. Indian Cr. ,
t. Four Milte C{r.
. Sevenmile {r.
.'Twin te.
. Rad R.
Buck Cr.
. St¥llwater R.

. Breenville Cr.
3, Loramig Cr.

. ﬂi11_tg;
. Lit%lé Biami R.

a. East fork
b. Todd fprk

‘t. Ceasar Cr.
.‘Hhﬂteoak gr.
. Eagle Cr.
. Ohio Brush Cr.

a. west Fork

. Scﬁoto R.

. Scioto Brush Cr.
South Fork
Sunfish Cr..-
Salt Cr,

. Little Sait Cr.
. Middle fork

. Paint Cr.

. North Fork

. Rocky Fork

. Rattlesnake Cr.
Deer Cr. '
Big Darby Cr.

. Littie Darby Cr,
. Walnut Cr,

. Big Walnut Cr,
. Alum Cr.

. Olentangy R.
Whetstone Cr.
K111 Cr.

. Litile Scioto R.
. Rush Cr.

[~ T = -

« 4

Ll Al |
« ¥

. Littie Scioto R.

Ping €r.

Symes Cr.
Raccoon Cr.

a. L. Raccoon Cr.
Leading Cr.
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2~2.and>2~3.

14,

15.

16.

'17;,

FFFF i gkl

mi.

Shade R.
Hocking R,

‘a.- Federal Cr.
b. Sunday Cr.

¢. Monday Cr.
d, Rush Cr.
Little Hocking R.
Huskingum R.
.. WalF Cr.

West 8ranch

. Weigs Cr.

. Salt Cr.

- Moxahala Cr:
5-Jonathan Cr.
- Licking R.
: North fFork
*.Snuth Fork

. Senéca Fork

‘,Tibuck Cr.
chosing R.

¢ Mohican R.
d, Lake Fork

.« Hﬂddy Fork
f. derome Fork
q. Black fork
Clear Fork

19,,Tuscarawas R.

20.

S 21,
22.
23.
24.
25.
26.
217
28.

. $t1llwater Cr.

. L. Stiliwater Cr.
. Sugar Cr.

South Fork

. Conotton Cr.

. Sandy Cr.

. Nimishillen Cr.
. thippewa Cr.
fuck Cr.

a. West Fork

b. East Fork
Little Muskingum R.
Sunfish Cr.

Captina Cr.
Wheeling Cr.

Short Cr.

Cross Cr.

:ru:w*rmnc»r»c:n:
E >

. Yellow Cr.

Little Beaver Cr.
a. North Fork
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29.

30

3.
32.
33.

3.
35,

36
7. 8

38, Ve

fctober 30, 1987

11/02/83

Major Ohio streams and rivers {>100 sq.
drainage area).

b. West Fork
c. Middle Fork
Pymatuning Cr.

. Mahoning R.

a. Mosquite Cr.
€. West Branch

LAKE ERIE BASIN

COnneaut Cr.
Ashtabu]a R.
“Grand R

- M tr
Chagrin R.
Cuyahcgg R.

39. R

41

43.
44.

LT O M B e P s wk IR -~ 0

,b vﬂoney'Cr.
¢ Tymochtee Cr.,

.- Ruddy Cr.
42,

Portage R,

a. South Branch
b. Middle Branch
Toussaint Cr.
Maumee R.

. Swan Cr.
Beaver Lr.

. Cutoff Ditch
S, Turkeyfoot {r.
. Auglaize R.
Blue €Cr.

. L. Auglaize R.
. Prajre Cr.

. Middle Cr.

. Sianchard R.
Ditawa R.
Tiffin R.

. btick Cr.

. Bean L{r.

. St. Harys R.
. St. Joseph R.
. Dttawa R.

o s

[~
-

R kA 3 R A o 3 W1
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SECTION 3: FIELD METHODS AND DATA ANALYSIS REQUIRTMENTS

Beneral Guidelines

The purpose of this section s to describe the field methods and data analysis
techniques that are required to use the biological criteria for the purposes
of the Ohio Water Quality Standards (WQS). Standardized methods and data
analysis technigues are . a critical requirement ‘and ensure the comparability of
results from site to site. Some basic problems in sampiing aguatic biota" and

using biological data that can affect the applicabil%zy ang accuracy of the
results are summarized, as follows: _

1) The purpose for which data were coT!ected A5 especially imgortant when the i
- use of "existing” data is being cont&mp!ated. Biological samples that g
were collected for the purposes of determining the presence/abhsence of :
species and/or taxa only will have Tittle value for the purposes. of the
blological criteria. This s especialiy: true if relative abundance data
~{which in 1tse1f 1mp}1es standardization of samplﬂng effort) is lackinqt

2y *Partial” coi]ections will not suffice because the index of Biotic
Integrity {181), Modified Index of Well-Being (lw), and the
Invertebrate Community Index (1&1) reg ire a5 complete a breakdown of the

community as s possible with the methods usea Specific requirements are
discussed later. . = _

3} Sampling gear and water tonditions affect sampling effec tﬁveness'andi
ultimately data analysis and interp on. Specific fish and
macrotnvertebrate sampling gear are quired for conformance to the Ohig
WOS. ﬁppropriate data collection conditions are also important.

4) Appropriate taxonomic refinement is inQOrtant particularly for
macroinvertebrates, as "lumping® -of specﬁes and taxa into larger groups
makes the data unusab]e for the purposes of the biclogical indices:

5} Sampling sites must be representative: of the surface water being sampled.
For example, localized areas of impoundment, *bridge effect" areas, etc.
should be avoided if the stream or river s predeninantly free-flowing.

Persons using the biological criteria -approach should be aware of these basic
problems and take steps to ensure that study design. sampling methods, and
data analysis conform to the procedures outlined by or refered to in this
manpal. Finally, the methods and techniques described herg require the
involvement of a trained biologist who ¥s familiar with the field methods,
laboratory techniques, data analyses, and the local fauna. : '
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Fish Sampiina Methods Summary

The fish sampiing meihods routinely used by Ohio EPA are summarized in Table
3-1. Detailed descriptions of these and other fish sampling gear and meihods
are available in Ohio EPA(13873). The wading methods {sampler types O, E,
and F) were developed by Ohio EPA. Boat methods {sampler type A) are based
primarily on the work of Gammon. {1973 1976) on the Wabash River (Indianaj and
the experience of the Ohig EPA. ‘Unlike other biological monitoring
discipiines, surprisingly Wttle standardized guidance s avallable from state
or federal agencies regarding appropr%ate methods. Therefore, Ohio €PA has
used what can be considered a state-of-the-art approach in the development of
standardized, systematic meth t sampling fish 4n rivers and streams. The i
requirements for al) aspects ( ing frequency and duration, relative .
effart, etc.) of the fish s rogram are based on eight years of ‘
practica1 application in: Oh ing Ohio EPA gionitoring programs -have

been designed to address fish Jing methods, gedr selectivity, and sampling
desﬁgn. ' v ' .

It 4s ‘apparent from the Titerature: (e g. Vincent 1971; Gammon 1973, 1976;
Novotny and Priegel 1974).-and our own experience that pulsed DC elet;rofishﬁng
As the most comprehensive-and: effective single method for collecting river and
stream fishes that is currenm H=ab1e. Certainly a survey that employs a
number of different gear typ "Tikely yield more species than any one
single method. Such surv , are more costly and time consuming and
- yn per unit of effort. ‘Gammon {1976)
bserved that one day of electrofishing was
uded a much broader representation of the'
e d sampiing strategy that emphasizes
ftative sample of the fish community at a
¢h site is sampled with an appropriate
o ”methods) in @ consistent and regroducﬁbie‘
manner. Although this appro not yield a complete inventory of all
species at a site, sample. sizes large enough to permit comparisons between
sites are obtained. This:¥s: parﬁichar?y true of the boat methods used to
‘sample the Yarger streams: and: rivers. This 1s somewhat 4n contrast to the

labor intensive "inventory"“: samp}ing procedures advocated by Xarr et al.
(1986) and others for these h: itats

emphasized this po%nt uhe
equal tu 20 25 hoop- net da

method (1 e. wading methd

‘fuantitative data includes repetitive sampling based on distance (rather than ,
time), weighing individual fish {modif1ed T onlyd, counting numbers by g
gach species, and recurding external anomalies. Two or three passes {on _ é
different dates) through each’ samp]ing zane are necessary to generate reliable. i
catch data as specified by Gammon (1976) and Ohio EPA (1987a). The collection ‘
of biomass data is necessary for Using the modified Tw (restricted to sites
>20 sq. mi.). We have found that using bath the 1BI and Iw provides

rigorous assessment, parttcu1ar1y where the evaluation includes use
designations other ihan Warmwater Habitat (WWH), complex environmental impacts &
(toxics, combined sewers, multipie influences), and in larger streams and |
rivers. Karr et al. {1986) cite the need for biomass datz as being a drawback E
to using the Lwb. However, we have found that subsampling techniques not od
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Characteristics of electrofishing sampling nnthcds most frequent1y

used by the Ohlo EPA to sample fish communities {see Ohio EPA 1987a
for further dgﬁa;1s) _

Sampler Type
A : : Dor £ | £
Gear 12' 14' D:Sportyak (1.5' boat) Backpack
Used: or 16' boat E:tongline (100m
, _ extension cord).

Power Smith= Root Type . Mode) 1736 VDC T&) . Michigan DAR
Source: Y1-A electrﬁﬁ1shﬁng generator/pulsator unit battery pack

unit or Smit Root . ’ unit

3.5 GPP generator.

‘ pulsator unit v

Current. Pulsed O C . Pulsed 0OC ' Pulsed DC
Type: - -
Wattage: 3500 1750 12 V battery
{AC Power -
‘Source)
Volts: 50-1000 100-300 160 or 200
{DC Output) ' :
Amperage: A-11 2-1 1.5-2
{Output) : :
Anode Front of boom. ~ Het hoop Net hoop
Location:
Distance 0.50° 0.20 0.15-0.20
Sampled
{km):
Sampling DownS£ream Upstream ‘ Upsiream
Direction: :
Relative Based.on 1.0 km~ Based an 0.3 km Based on 0.3km
Abundance: ' ‘
Stream Moderate to large  Wadeable streams to Headwater

streams & rivers headwater tributaries tributaries

Size:

4.3
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only reduce potential error (compared to welighing each individual fish), but
add an insignificant amount of time to overall sample protessing. Each
collection must be sorted and courted anyway thus weighing is 3 miner
component of this effort.  TYhe subsampling and catch processing procedures are
detatled elsewhere {Ohic EPA 1987a).

Fish sampling should generally take pYace between mid-June and late September
and include twe or three passes totdl, 1t may be necessary to conduct
sampling outside of this time period {May, early October), but certain
precautions should be taken to epsuié ‘data comparability. Me prefer to limit
this sampling to simple, small stream situations. Late fall, wiater, and
early spring sampling Vs discouraged because of the effect of cold
temperatures on sampling efficiency and changes in fish distribution. 1If
three passes are planned each individual pass should be spaced at Jeast three
or four weeks apart. 1f only two es are intended (recommended for wading
methods only) this time should be 6 s1x weeks. These requirements have
been experimentally determined by 1 fvely sampling at “test sttes® for
both boat and wading methods. Pubti , time between passes allows the
community to stabilize and recover f ny teémporary perturbations that may
have been induced by the sampling. 45 ‘particularly important in the
wadable streams. Restricting sa 2 summer season minimizes the
influence of spring spawning or ot ( greurrences.  Additionally,
enyironmental stresses are potentially at thedr height because controlling

influences such as temperature and dissolved oxygen are nesarest chronic stress

thresholds. B

The condition of the surface water being sampled is another important item
that affects electrofishing. Since sampling efficiency is in part dependent
on the ability of the sampler to sée stupnéd fish, two conditions need to.be
met. The first is that the sette hould wear polarized sunglasses to
enhance the spotting of fish stunned | the surface. The second is that
sampling should be performed during n watér clarity and flow conditions.
High flow and turbid water can re mpling effectiveness.

Accurate identification of fish 15 €s558ntia) and is required to the species

Yevel at a minimum. Identification to the sub-specific level may be necessary -

in certain situations (e.g. banddd K1114Fish}. Field identifications are
acceptable, but laboratary vouchers will be reéquired for any new Jocality
records, new species, and those specimens that cannot be field identified. It
{5 recommended that specimens be fetained for laboratery examination if there
1% any doubt about the correct identity of a fish. The collection techniques
used are not consistently effective for fish less than 15-20 wm in length
therefore identification and incluslon in the sample 15 not recommended. This
follows the reasoning of Karr ei al. (1986).

Study design and sampling site se?gpfioaﬁqre discussed further in Section 8
and Ohio EPA (1987a). )

i
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Bacroinvertebrate Kethods Summary

The primary sampling gear used by the Ohio EPA for the quantitative collection !
of macroinvertebrates in streams and rivers s the modified multiple-plate
artificial substrate sampler originally described by Hester and Dendy {1962).
The sampler is constructed of 1/8 inch tempered hardboard cut into three inch
square plates and one inch square spacers. A tota) of eight plates and twelve
spacers are used for each sampler. The plates and spacers are placed on a 1/4
inch eyebolt so that there are three single spaces, three double spaces, and
one triple space between the piates {Figure 3-1). The total surface area of
the sampler, excluding the eyebolt, 4s 145.6 square inches or roughly one
square foot. A routine monttorﬁng sample consists of-a composite of five
substrates that are colonized instream for a six week period normally falling
between June 15 and’ September 30. Detalled descriptions of the placement,
collection, and proCéssing of the artificial substrates are available in Ohio
EPA (1987a): Ia addifion to the artificial substrate sample, routine
monttoring als0 includes a qualitative collection of macroinvertehrates that
jnhabit the natural substrates at the sampling location. A}l available
habitat types are’ ‘sampled and voucher specimens retained for laboratory |
identification, More specific information for ‘the collection of this sample
can a}so'be found in Dhio EPA (1987a). For the purpose of generating an Ic1

valueé, both titative and qualitative sample must be collected at a
sampling Tucation. .

A qood snurce-o? Jofarmation regardﬁnq the pra:t1cal applitatﬂon of artificial
substrates can b und 1h Cairns {1982). The use of artificial substrates
for monitoring purposes has a number of advantages. According fo Rosenbery
and Resh (in Cal ar ¢ st
are that they ) a?lou collection of data from Tocations. that cannot be
sampled effectively by other means, 2) permit standardized samp?ing, 3) reduce
variability compared with aother types of samp1ing, 4y require Yess operator
ski111 than other methods, 5) are convenient to use, and &) permit
nondestructive. sampiing of an environment. The authors also 1ist a number of
disadvantages, but generally, these problems can be minimized by adhering to
strict guﬁde!ines concarnxng sampler placement, ca]]ectﬁan and analysis.

A composited -Set of five artificial substrate samplers has been used by the
Ohio EPA in. cnllecting macroinvertebrate samples since 1973. At this Yevel of
effort, it has been found that a consistent, repruducib?e sample can be
collected. Resulis of analyzing replicate sets of five art%f1cﬁa1 stbstrates
have shown that yariabjlity among calculated ICI values is low. Details of
that ahalysis can tie found elsewhere in this document {Appendix D).

The reXiabi11ty of the sampling unit not only depends on the fact that
colonization surface areas are standard, but equally imporiant are the actual
physical conditions under which the uniis are placed. 1t is imperative that
the artificial substrates be Tocated in a consistent fashion with particular
empbas%s on: Current ve!o:ity over the set. with the exception of water
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Figure 3-1, Modifted Hester-Dendy multiplie- p}ate art1f1c131 substrate
sampler used by the Ohio EPA for the quantitat1ve collection

of aquatic macroinvertebrates.
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quality, amount of current tends to have the most profound effect on the types
and numbers of organisms collected. For a Yiteral interpretation of the 101,
current speeds should be no less than 0.3 fi/sec under normal flow regimes.
These conditions can usually be adequately met in all but the smallest of
permanent streams {<10 sg mile drainage) or those streams so highly modified
for drainage that dry weather flows maintain pooled habitats only. In these

sttuations, sampling can be accompiished but some interpretation of the 1C1
value may be necessary., A

An additional area of .some. impartance concerns the accuracy of ldentification
of the sample organisms. The ICI has been calibrated to & specific level of
taxonomy that is currently being employed by the Ohio EPA. 1t s imperative
that accurate identifications to the Tevels specified be accomplished.
Otherwise, prohlems may arise in many of the ICI metrics ‘where number of kinds
of ‘a part1cu?ar organism group 1s the parameter used. Inacturate = .
identifications can also be a problem in the ICT metric dealing with percent
abundance of pollution tolerant organisms, As n iyinformation and taxonomic
keys become avajlable, adjusiments to the ICI : ing may be necessary. A
Tisting of current taxonOmic xeys and a phy]ogeaetic ‘table indicating level af
taxonomy used for specifir urganﬂsm groups can be found in Ohio EPA {198?3)
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SECTION 4: BIOLOBICAL DATA EVALUATION: FISH

fish can be one of the most sensitive indicators of the quality of the aquatic
environment {(Smith 1971). Historically fish have received less attention than
other taxonomic groups in stream surveys despite the fact that they represent
upper trophic levels and the literature abounds with data on their
environmental requirements and 1ife history (Doudoroff -and Warren 1957; Gammon
1976)-. Doudoroff (1951) emphasized the nced for thorough fish p0pu1at10ﬂ
studies in connection with water quality assessments, -Excepting instances of
gross-pollution, only fish themselves can be trusted to reliably indicate
‘environmental conditions generally suitable or unsuitable for their existence
. {Doudoraff and Warren 1957). In one sense, the populations. of fish in a river.
or stream reflect the overall state of environmeatal health of the watershed’
as'a whole. This 45 because fish 1ive in water which has:previously fallen on
vthe citi&s, fields, strip mines grasslands, and forests of the watérshed
{Gammion 1976). The following are some of the advantages:af ‘using fish as
indicators of uater ‘quality conditions:

1) fish are 1ntegratars of community response to aquatic environmental
- quality conditions; they are the end product of mast aquatic food
webs, thus the tatal biomass of fishes is hi§h1y dependent on the
gross primary and secondary productivity of Tower: organism groups;

-2y fish constitute a. conspicuous part of the aguatic biota and are
' recognized by the public for their sport, ‘commercial and endangered
status, and represent the end product of protection for most water
pnllution abatement programs (1.e. many water- quaTity criteria are
based on-laboratory tests using fﬁ;h),

3) fish reproduce -6nce per year and complete their entire 1ife cycle in
- the aguatic environment; therefore, the success of each year class is
dependent upon the qua]ity of the aguatic environment which they-
inhabit; this 1s evident in the general conditicn of the fish
connmnity gach summer and fall;

4) ‘fish have a relatively high sensitivity to a variety of substantes and
© physical conditions; and

5 fish are readi]g {dentified to spec1es tn the field and there ﬁs an
" abundance of information concerning their 1ife history, ecology,
environmental requirements and distribution available for many species.

Changes in the relative abundance (numbers and weight). species richness,
composition, and other attributes are directly influenced by the presence of
water quality disturbances and/or habitat alterations. The principal measures
of overall fish community health and well-being used by the Ohio-EPA 1is the
index of Well-Being (Iw) developed by Gammon (1976) and modified by Ohio

EPA (Appendix C), and the Index of Biotic lntegrwty (IBI) develcped by Kary
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(198}. The Isb 15 based on structural attributes of the fﬁsh community

whereas the 181 additionally incorporates functional characteristics.

Together both indices provide a rigorous evaiuation of overall Fish community

condition. As stated before thess are noi diversity indices in the

traditiona\ Sense. Both indices incorporate a much broader range of
ttributes of fish communities than merely specﬁes richness. and the

proportﬁonaﬁ re?ationship of fish numbers

The presence of pérmanent, large popu\ations of different fish species is
generaily considered to be the result of a combination of many f rable
factors (Trautman 1942). Factors which account for variations in the
distribution and abundance of fishés in streams and rivers fnclude
- not Yimited to, stream size, instream cover, stream morphoiogy
substirate, gradient and water qua}ity. Perturbations to the ph
chemical quality. ‘of 2 river or stream usually result in. varying
stress Lo one or more fish species. Fish species that fail to.
stresses wil) be reduced in pumbers or be eliminated via morta
reproductive success, and/or avoidance. The subsequent absenc
numbers of Fish-results n decreased comminity diversity and &
reflected by :an actation predominated by stress tolerant sp
temporarily chemica\?y or physically degraded areas {e
refuge areas lose-by), but these are usually functionaily:
" assemblages. ' ominated by tolerant Specﬁes
underqgo. 1a >
become deg
mod 1 f {caty
1ncrease wit

Y.
changes in trophﬁ ”pmposition and predominan feedwng guilds '
traditional. tools that evaluate only community structure (e.q, dﬂversity,
numbers) tan underrate thesé important changes.

index of Biotic Inteqritv {IBI}

The Index of Siotic Integrity (181) uses an approach simi1ar to that émployed
in econometric analyses where an array of different metrics are examﬁned As
originally proposed by Karr {1987) and later refined by Fausch i;;;
and Karr et al. (1986) the IBI incorporates 12 community metrics. The value
of each metric 1s compared to the value expected at a reference site located
in a similar geographic region where human influence has been minimatl.
Ratings of 5, 3, or 1 are assigned to each metric according to whether 1ts
value approximatns {5), deviates somewhat from (3), or strongly deviates i
from the value expecied at a reference site. The maximum IBI scora-possﬁble
1s 60 and the minimum is 12. Further detalls about the nnder%ying basis of
the 1BI and 1is application are ava¥lable in Karr gt al. (1986)

The individual 161 metrics assess £ish community attributes that are presumed
to correlate {either positively or negatively) with bletic integrity.
Although no orie metric alone can Tndicate this consistently, 211 of the IBI
metrics combined include the redundancy that is needed to accomplish &
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consistent and sensitive measure of biotic integrity (Angermier and Karr
1986). 181 relies on multi-parameters, a requirement when the system being
evaluated s complex (Karr et al. 1986). It incorporates elements of
professional judgement, but alse provides the basis for quantitative criteria
for determsng what s exceptional, good, fair, poor, and very poor.

The following describes the metrics of the IB1 and how they were derived for
headwaters, wading, and boat sites. These analyses and I8l metrics are
-spec1f1c331y tailored to ORie surface waters and Ohio EPA sampling methods,

1B Hetrics

Karr (1981) proposed 12 community metrics within three broad catégorical
groupings (species richness and composition trophic compesition and fish’
abufidance and condition) for calculating the 181. Some of the metrics respond .
favorably to tncreasing environmental quality ("positive metrics") whereas
others: respoad favorably to increasing degradation ("negative metrics”). Some
respond. across the entire range of perturbation whereas - others ‘respond
'strong}y to a ‘portion of that range (Tab!e 4-1).

A wide variety of stream and river sizes occur in Ohfo, These not only
B ing fish assemblages, but require the use of»different sampling

;et'aT (1986); Three basic divisions are made wading s%tes, boat sites, and
headwaters sites. In Dhio, wading sites have draﬁnage areas that are
genera]ly less than 300 square miles (range 21-475 sq. m ;- range of means
within the fiye ecoregions 44-128 sq. mi.). but greater than 20 square miles.
Boat sites Include streams and rivers that are too-deep-and large to sample
eFfective]y with wading methods. Boat sites generally exceed 100-300 sguare
miles in drainage area (range 117-6479 sq. mi.; range of means for the
ecoregﬁons 225-2190 sq. mi.). Headwaters sites are'actually sampled with the
sam gear used at wading sites, but are defined as: ~sampling Iocatians with
‘drainage areas less than 20 square miles {range J1- 20 sg. mi.; range of means
“for ‘the ecoregions 5.5-10.2 sq. m).). These designations are followed
throughout the text. Figure 4-1 provides a flow thart for determining which’
18I modification (e.g. wading, headwatérs, etc.) should be used to evaluate 2
particular site,

The 1BI metrics used te evaluate wading sites close1y approximates those
praposed by Karr (1981) and refined by Fausch et al. (1984) and Karr et al.
{1986). The minor changes are in conformity with “the guidance of Karr et al.
{1986). More substantial modifications were necessary for the 181 metrics
used for the boat sites and headwaters sites. These changes were made in
recognition of the different sampling efficiency and selectivity of the boat
methods and the different faunal character of larger streams and rivers. ¢
Although headwaters sites are actually sampled with the wading methods (Ohis iz
EPA 19874) these habitats have a different faunal composition resglting from
the strong infleence of smail channel and substrate size, temporal flow and
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water availability. It is important that the 181 metrics reflect the
character of headwaters {ish cormunities 4o relation to these critical
factors. Each of the original 181 metrics are discussed inc1udﬁng any

modﬁfﬂcafions and/or substitutions that were made. A summary of the 181
metrics appears in Table 4-3, '

To determine the 5, 3, and 1 values for each IBI metric the reference site
data base was first plotted against a log transformation of dratnage area for
each of the three site designations. A1 of the reference site data from each
ecoregion was combined for each method. ‘Ind¥vidual metric differences
attributable to ecoregional dtfferences are accounted for in the finat
derivation of the 181 criteria. Each‘metrit was examined to determine if any

used by Fausch et al. (xgaa)

g9
for certain common “metrics to determine: the slope of the. st 11ne even though
scoring for these sites are performed separateiy The TBI metric score (i.e.

ing tﬂe site drainage area and metric

”b ariter\a
5, 3, and )

o , d of frisection was
used by Hughes and Gammon (1987) for. the Tower 280 km of the Willamette River,

Qregon A.combination of the standard and altérnate trisi £56n methods were
used for certain metrirs particularly “for the wading sites:

Trisection was periormed both separate1y and jo?ntly fnr wading and headwaters
sites, depeading on the metric. A1l baat sites were trisected separately

5-6
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Metric 1. Total Number of lndigenous Fish Species (A1l Methods}
General | |

This metric is used with all three versions of the 181 (Table 4-1). ‘Exotic
species (Appendix B, Table B-3) are not included, This metric 1s based on the
well-documented observation that the number of 4ndigenous- Fish species ina
given size stream or river will decline with dncreasing environmental
disturbance (Karr 1981; Karr et al. 1986). Thus the number of fish $pecies
metric 15 expected to give an 1nd1cat1on of ‘environmental quality throughout
the range from exceptional to poor. Exotic (1 e. introduced) species present
in a system through stocking or inadvertent releases do not provide an

accurate assessment of overall integrity and their abundance may even 1nd1cate
a loss of 1ntegr1ty {Karr et al. 1986) .

Wading and Headwaﬁers Sites

The number of species is strongly affected by dratnage area at headwaiers and
wading sites.up to. 100 sq. mi. (Fig. 4-2}. .Determining the IB1 Score:
metric Ynvolves comparing the resultant specieSgrfchness at the d
for the site sampled with the resuitant expectations for referer 5.0
the same ¢ area {Figure 4-2). Scoring: criteria are 1isted in Tables
4.5 (wading §ites) and 4-7 (headwaters sitesy.

Boat Sites:

Unlike headwaters and smalier wading sites there is no direct re1atﬁonship
between ﬁncreasing drainage area and sp&c?es richness at boat sites (Fig.

4.3). Scor&ng 15 constant at all drainage areas, criteria are Tisted An Table
4.5,

4.7
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Ketric 2. Number of Darter Species {Wading, Headwaters)
Proportion of Round-bodied Catostomidae {Boat Method)

General

The' darter spectes metric is reflective of goad water quality condﬁtﬁons (Rarr
et al. 1986). HNome of ‘the species in this group have been found to thrive in
degraded stream conditions {Appendix B). Eleven of the twenty-two Dhig
species have been found to be highly 1ntoierant of degraded conditions based
on the Ohia EPA 1ntnlerance criteria (Appendix B, Table B-1). Life history
data on this group show darters to be insectivarous, habitat specialists, and
sensitive to physical and chemica) environmental distur ances {Kkuehne and

Barbour 1983). These Factors make darter spacies raTiabTe indicators of good
" water Quaiﬁty and hab¥tat conditions.

vof the 22 darter species recorded in Ohlo seven are canmmniy found and. are not
restricted to a particular stream size (Trautman 1881):  Nine species are
confined to Ohio River basin streams; six are straneg assoctated with medium
and/or Jarge rivers. -The lowa and least darters are restricted prsmariiy to
the glaclated areas of Ohio, particalary lakes:-and s wabitats. Three
speties are associated with large water condi s (either rivers or Lake

rie) and can be foind in both the Ohie and St. Lawrence River basins. The
orwngethraat darter (Etheustoma spectabile) is tated uﬁth western Thio
pra1r1& or 1ow -gradient small streams, :

Haﬁ#ng-Sites

The darter metric as proposed by Karr (1981) s usedffof wading sités only
(Table 4-1), The method for determining the s¢ : he darter-species
metric follow those recommended by Karr (1981) and Karr et al. (1986). Ohio

data were used to derive maximum specwes rﬁchness'1ines’and IBT 5coring
'criterwa (F&g 4 4)

He@ﬁaaters_51tes

For headwaters sites {3.e. less than 20 square miles drainage area) this :
metric also includes the mottled sculpin (Cottus bairdl). This species is a
benthic ¥nsectivore dnd functions much the same as darters. This results in a
greater. level of sensitivity in streams that naturally have fewer darter
species. The headwaters stream data base was used to- define the Iﬁl scoring
criteria which vary with drainage area (Fig. 4-5).

Boat Sites

The prapartion of *round-bodied" suckers is substituted for the number of
darter species metric for the boat sites. This is done because darier species
are not sampled consistently or effectively with the boat methods, although
they can occur in the catch. Round-bodied suckers include species of the
genera Hypenteltum {northern hog sucker), Moxostoma {redhorses), Minvtrama
{spotted sucker), and Erimyzon (chubsuckers). These species are sampled
effectively with the boat electrofishing methods and they comprise a sensitive
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component of larger stream and river fish faunas, much the same as darters do
in the wadable streams. The feeding and spawning requirements of both groups
are similar as are their sensitivity to environmental perturbations.
Round-bodied suckers are intolerant of high turbidity and siltatien, marginal
and poor chemical water guality, rand the elimination of thelir riffle-run
spawning and feeding habitats. Round-bodied suckers :are an important
component of midweStern streams and rivers and their abundance i1s a good
indication of good to exceptional water and habitat quality. The white sucker
{Catostomus commersoni) is not included in this metric since it 15 a highly
tolerant species {Appendix B, Table B-3) and not reflective-of the intent of
this.metric. This metric ‘does not change with dra&nage area (Fig. 4- 6),
scoring criteria are listed in Table 4-6.

-1
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Betric 3. WHumber of Sunfish Species (Nadﬁngﬁ Buat)
Proportion of Headwaters Species {Headwaters)

8enera1

This metric follows Karr (1981) and Xarr et al. (1986) by ¥ncluding the number
of ‘sunfish species {Centrachidae) ¢ollected at a s1te, -excluding the black
basses (Micropterus spp.}. The redear sunfish (Lepomis microlophus) ¥s not
Ancluded because, in Ohto, 1t is introduced and only locally distributed. The

nine species which are included are listed in Appendix. B- (Table B-3). Hybrid
sunfish are also excluded from this metric, -

_This'metric is included as a monitor of ecosystem. degradation Specifically,
4t 95 3 measure of the degradation of thelr preferred habitats and food
Ytems. Differing from suckers and darters, pref :dfhabitaus are generally
‘Iocated in quiet pools where sunfish spend muc ime near some form
of instream cover (Pflieger 1975). As such th tive to the
degradation of pool habitats. Preferred food 4t g midwater and
syrface invertebrates in additton to benthic f. Yeger 1975; Becker
1983)% Dther attributes which make this metric jted for Ghio streams
' cor rently conducive for

h (Trautman 1981) there are a number of - specie ich are widely
buted 410 all stream and river sizes (T:autman 1881Y, and they are
ively captured by electrofishing. The primaryvrangA of sensitivity for
thzs metric 4s from the middle to h\gh end of the index (Karr et al. 1986).

>Hav ng and Boat Sites

The number of sunfish species 45 not affected by increasing drainage area at
wading and boat sites (Figures 4-7 and 4-8). Scoring riteria for the wading
and boat sites are Jisted in Tables 4-5 and 4-6.

;Readwaters Sites

The number of sunfish species metric is replaced with the number nf headwaters
species at sites with drainage areas less than 20 square miles. The number of
sunfish species in headwater streams tends to be guite Tow and may be
controlled more by pool quality alone than: overall stream quality. A group of
nine species are classified as headwaters species {see Appendix B, Table
B~3) Headwaters species indicate permanent hab&tat {1.e. water avaiiahﬁ11ty)
with low environmental stress. They do not show a irend associated with

drainage area (Fig. 4-9). The headwaters species criteria are ‘1isted in Table
AT
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Hetric 4. Number of Sucker Species (Wading, Boat)
Number of Minnow Species (Headwaters)

Seneral

A11 species in the family Catostomidae are included in this metric (Appendix
B, Table B-3). Suckers represent a major component of the Ohio fish fauna
with their total biomass in many samples surpassing that of a1l other spectes
combined. The general intolerance of most sucker species to habitat and water
‘quality degradation (Karr 1981; Trautman 1981; Becker 1983; Karr et al. 1986)
results in a melric with a sensitivﬁty at the high end of environmental
~.quality. Tn addition the relatively long Vife spans of many - sucker species
(10-20 years; Becker 1983) provides a long-term assessment of past and
prevailing environmental conditions. 0OFf the 19 species still present in Ohio
(one is extinct} seven are. widely distributed throughout the: state {Table 4-23).

'Nading and Beat Sttes .

There s a definite. re\at1onshﬁp betueen the number of sucker species ‘and
drainage area at wading sites {fig. 4-10). Scoring is thus. dependent an the
draﬁnage'a ea of -the site and 15 accamp]ﬁshed using Fig. 4=10." Wo '
relation betueen drajnage area and the number of sucker species is evident

sites (Fig. 4-11). The compilatian of. raference sﬁte data resuits.
in the triteria 1isted 1n Table 4-56.

Headuaters Sitas

The number of mﬁnnow species is substituted for the number of ”g;ker species
at headwaters sites because of the inherently Yow number of sucker species in
small streams. The number of sucker species decreases rapidly with declining
drainage ares at sites with less ‘than 20 square miles {FYg: 4-10).
Cxamination . of the headwaters sites data base revealed that the number of
minnow species would serve as a suitable substitute for this metric. As many
as 10 different minfiow species have been observed at sites as small .as &
square miles. The number of minnow species also is posﬂt1ve1y correlated with
environmeata1 quality. Species such as the redside dace (Clingstomus
elongatus), bigeye chub (Hybopsis amblops), and bigeye shiper- (Notropis boops)
are examples of the sensitive minnow species that should occur 3n high quality
headwaters streams. Other species such as creek chub (Semotilus
atromacuiatus), bluntnose minnow {Pimephales promelas), and fathead minnow {P.
promelas) are tolerant of both chemical degradation and stream dessication.
Thus both ends of the environmental tolerance spectrum.are covered by this
metric. -There is a definite relationship between the number of minnow species
and drainage area at the headwaters sites (Fig. 4-12). Scoring is thus
dependent on the drainage area of the site and is accomplished using Fig. 4-12.
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Netric 5: Number of Intolerant Species {Wading, Boat,
Rumber of Sensitive Species {(Headwaters)

General

The number of 1nto]eran; species metric 15 designed to distinguish sireams of
the highest qqality'~ ‘As a result, the sensitivity of this metric 1s at the
highest end of bistic integrity. Designation of too many species as
intolterant will prevent this metric from discriminating among the highest
quality streams. .Only species that are highly intolerant to a var%ety af -
disturbances were included in this metric so that it will respond to diverse.

types of perturhations, species intolerant to one type of disturbance, but- ncf
~another were nat included {Appendix B).

The.criteria used for determining intolerance (Table 4-2) are based o

numerica} and .graph
through 1985‘{Appen )
changes in the di

ynformation’ fr
1983). Inta
envﬁrunmenta
environment 3
intolerant spe
included in.

}ﬁanalysxs of Ohio LPA's statewide data base from 1479
8), Trautman's {198)) documentation of historical
Bution of species within Ohio, and supplemental
jchthyological tests {e. g, Plieger 1375; Becker:
¢5 are those that decline with decreasing '
and disappear, as viable populations; when: ‘the. aquatic
d to the "fair" category (Karr ek al. 398635 . : :
t wis divided inta three categories al! of'f_ﬂfg are
4s metric as follows: S

1)  common. sn” Jerant species {designated 1 ﬂn the TDL column ‘of ‘Appendix

addition of species ﬂ&signated R and 5 cul1ect&vely 1nf1ates the number’ of
intolerant species above the 10% guideline, no where in the state do- these
species all occur together at the same time. In the vast majorﬁty of cases

~only one or two usua1ly oeeur in the same collection.

Wading and Boat Sites.

The expected number of intolerant specles intreases with drainage avea among
the wading sites (Figure 4-13); however, such a direct positive trend is not
evident in the boat sites data (Figure 4.34). In fact intolerants szem to

level off and decreasé at the larger boat reference sifes. CIntolerant species
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in large rivers have Jikely been reduced {see Appendix B, Table B.3, TOL
categories R and S); nevertheless, a score of *5% for th?s metric has been
observed at the best large river reference sites. Large river intolerant
species sti1) exist in areas of high integrity in large rivers and are
catchable with the boat electrofishing methods. Therefore, scoring criteria
remain constant with increasing drainage area for the boat sites (¥3g 4-14
and Tab1e 4-5). v

‘Headwaters

The number of intolerant species metric s modified to include moderately
1nt01era“tvspecies for application at headwaters sites. This combination is
termed sensitive species (Appendix B, Table B-3). This 15 done because few or
no intolerant species are expected in these streams (Fig. ,-13) The
‘moderately intolerant species meet most of the criteriz n Table 4-3,
Sensitive species also require permanent paols thus this m 'ric will also aid
in distinguishing permanent streams from those with ephe
characteristics. An absence of these species would 1ndicate a severe stress
.caused”by’man‘inéuced perturbation or Toss of habitat.due to a lack of water.
' < var!es with drainage area and scoring 15§ accomp11shed using Fig.
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Metric 6: Percent Abundance of Tolerant Species (All)
teneral

This metric 4s a modification of one of Karr's origingl 181 metrics, the
percentage: of ‘the Fish community comprised by green sunfish (Karr 1981).  This
metric was designed to detect a decline in stream quality from fair to poor.
The green sunfish (Lepomis cyanellus) s a species that 15 often present in
woderate numbers in many Midwest streams -and can become a predominant
component of ‘the community in areas with degraded tiabitat and/or water .
quality. ‘This ability to survive and reproduce in disturbed environments = .
makes this’ species sensitive to changes in environmental quality in severely

impacted areaS. - A?thOugh green sunfish -are. oné:of the most widely d%stributed'

and numericaily abundant fish species found- A the Midwest they show-a decided
preferenca to ‘Hﬁsma1ler sized and low. gra qt=stre§ps, This iimits ‘thetr

Karr ei 3l (1986)

they respond‘in
community’

_ e 1ndiv1dua1 species have

e : ~$ize; compasition of the
to1erant species metric shifts with drainage area and this metric remains
usefui amang -small, medium, and large streams.and rivers,

; v Sﬁ, 2) show eitber na
dec11ne or _ distribution {Trautman 1981),
and 3). shift towards community predominance with d&creasing water -and habitat
quality (Table 4-3; also see Appendix B}.

. Hading’and'ﬁeaduafefs

Data for headwaters and wading sites were p!otted and scored together for this
metric (Figure 4.16). No relationship with dratnage area was evident up to 10
sq, mi., but became inverse for sites greater than 10 sq. mi. Scoring
triteria are given in Tables 4-5 {wading) and 3- 7 (headwaters}).

Baat Sites

The expected percentage of tolerant species remains constant with increases in

drainage area at boat sites (Figure 4- 17) Scoring criteria are given in
Table 4-6.
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hetr}c 7. Omnivore Metric (A1)

General

The Ohta EPA definition of an omniverous species follows Karr (1981) and Karr
et al. (1986} with two Important distinctions added., Specialized filter-
feeding species which technically are omnivorous are mot included. Sperialist
filter feeders are represented in Dhio by the paddiefish {Poiyodon spathula)
and brook lamprey ammocoetes. These species are geperally sensitive to
environmental degradation. Since the omnivore metric 4s designed to measurs
1ncreasing Jevels of eavironmental degradation due to-a disruption of the food
base- 1t is not appropriate to include these sensitive, Filter feeding species
“dn this metric. This metriec was further restricte those species that did
not show feeding specialization and were reported prim rj}y as omnivores in
all studies reviewed. This removes such species a
»gunctatu s} which may or may. not feed as an.omini
environmental conditions. ~Species considered as -
:ﬁppandﬁx_BA Table B-3.

vres are 1isted in

Widing and Headwaters Sites

“effect of these restrictions Vimits the omnﬁvore metr&c to those species
conststently feed as omnivores. Consequently, ‘overall percentages of
jvores are different from Karr (1981} and ¥ {1986) To determine
“‘priate criterfa for §, 3, and 1 181 scares - PA reference sites
- ‘data-base was examﬁnedA furthermore a relations -ainage area was
found for sttes 1éss than 30 sq. mi. (Fig. 4-18}, g triteria for the

- wading and headwaters sﬁtes is given in Tab1es 4=5a0d 4-7.

Boat.Sites

No relationship with drainage area was found for ! pr":ortion of brmnivores
at boat sﬁtes {Fig. 4- 19) Scoring criteria are’ g& oo Table 4-6.
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Metric B. Proportion as Insectivores (A1)

This metric ¥s designed to be sensitive over the middle range of biotic
integrity. A low abundance of insectivorous species can reflect 3 degradation
to the insect food base of a stream (Karry et al. 1986). &5 disturbance
increases the diversity of benthic insects decreases, productian becomes more
variable, and the community often becomes predominated by a few taxa (Joﬂes et
al. 1981}. Thus, specialist feeders such as specjalist insectivores wild
decrease and be rep?aced by generalist feeders such as omnivores. This

represents a modificat1on from Karr et al. (1986) using insectivorous
Cyprinids alone.

Wading and Headwaters Sites

Ne differ from Karr et a1 (1985) by excluding two species that are
.geneyalized and opportunﬁst1c in their feeding. habits, créek chub and
blacknose dace. Inclusion of these two species as inse v"vores in a West
_v1r91nia study resulted in-a negative correlation between Ansectivores and the
1BL (Leonard and Ofth 1986),. when the relationship ‘should have been positive
{Angermier and Karr 1986}_ Exclusion of these genera1ist feeders follows the.
Tea: ning of Leonardia inrth (1986) who feli that the current definitions of
‘ ,,ten arbitrary. The enﬁlogic ‘unction scored by

s 3 cialist (e.q.
specia?ized 1nsect%vores) or generalist feeders- (Appendix B, Table B-3).

Scoring criteria for this metric show a positive relationship with drainage.
area up to 30 sg. mi.-for the headwaters and wading sites (Figs. 4-20}.
Scaring criteria are Tisted in Tables 4-5 and 4-7.

Boat Sites

Insectivores shuu no’ drainage area effect (Fig. 4-21) and criterta were,
estab]1shed using the ‘alternate trisection method.
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Metric 9. Top Carnlvores (Wading, Boat)
Proportion of Pioneering Species (Headwaters)

Geveral

Xarr {1881) deve)oped the top carnivore metric to measure community 1ntegrity

in the upper functional levels of the fish community. 1n deésignating a’
species as a‘top carnivore we followed Karr (1981) and Karr et al. {1989)
Species which feed primarily on tiher vertebrates or crayfﬁsh are inciuded in
this metric: {Apoendix B, Table B-3). As with the omnivore metric, species
which d!sp!ay fea&ing pldstwtﬁty are excluded (e.g. channel catfish)

Hadﬁng Sﬁtes

Karr (1981) 4ndicdted that expectations for the proportion of top carnivore:
should change,A drainage area. An examination of the Qhio EPA data base
reveals that no re ationship exists between the proportion of top carhivores
and drainage area.at sites greater than 20 sq. mi. An examination of ‘the Ghio
data base fo ding sites yielded the same criteria as that proposed by Karr
et al. (198 4-22; Table 4:5). Ho trisection method was emp1oyea An

deriving the scoring critaria

Beat Sités

. Ko draﬁhagf"
consistent and

ated trend was observed for boat data which displaved
“top carnivore proportions for all dra¥nage a
4-23). The'o a Visted ¥n Table 4-6 were derived using b tp
Judgement An e ing the reference sites data base. No tiise
was used ia deri? ng the scoring criteria.

Headwaters

An examinatian of “the. headwaters stream data base revealed that top carnivores
are virtua%1y absent. or in very Yow abundance at headwaters sites: A metric
is needed for the headwaters sttes that reflects the degree fo which- the
community may be. temporal thus reflecting the permanence of the headwater
stream habitat. .Smith (1979) identified certain small stream species in.
1174nois as *pioheering® species. These are species which aré the first to
reinvade sections 'oF headwater streams that have been dessicated by prolonged
periods of dry weather. These species also predominate in unstable
environments that have been affected by temporal desication and/or’
anthropogenic stresses. Thus a high proportion of pioneering species 15 an

" indication of a habitat that 3s temporally not available, under stress, or
both. Scoring criteria for this method are listed in Table 3-7 as ﬁeierm1ned
by trisection (Fig. 4-24),
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Metric 10: Humber of Individuals in a Sample (A1)

General

This metric assesses population abundance as the number of individuals per
unit of sampling effort. This metric is most sensitive at the low to middle
end of biotic integrity when poliuted sites yield fewer individuals (Karr et
3l. 1986). 1In such cases the normal trophic re]ationships are disturbed
’enmugh to have severe effects on fish production or directly reduce fish
abundance through toxic effects. As integrity increases total abundance
{ncreases and becomes more variable (Figure 4-258) with natural factors such as
jonic concentration, temperature, and amount of energy reaching the stream
surface. However, certain perturbations, such as channelization with canopy
removal, can lead to increases in the abundance of fishes, especially tolerant

species {e.g. bluntnose minnow). Thus inclusion of these 'species may obscure
‘negative environmental change. To decrease the variab11ﬁty in scoring of this

metric and to avoid reuarding disturbed sites the relative number of
individuals excludes species deswgnated as tolerant (Table 4-3).

Hadmg and Headu&ters Sites

:Drainage area affects the number of individuals at headwaters and wading sites
by Ancreasing ‘numbers with drainage area up

j 't undér 8 sq. mi. (Figure

4-26). This relatioaship became horizontal abi g. mi. Because the

Erelatﬁonship bétween environmental quality and abundance of individuals is not
Tinear a log transformation of the relative numh r of Yndividuals (excluding
tolerant species) was performed. Strong devia

ons_ from the expected in a
1east impacted stream {score of "1") were determined. by examining fish numbers
in. a series-of 1mpacted streams and rivers: For both boat and wading sites

this bresk point was 200 individuals (per km. and 300»m, respectively). This

number - approximated the 5% lines in Figures #-26 and 4-27. Remaining scoring
criteria (*5" and "3%) were calculated by bisecting the area in between the 5%
and 95% Tines. This was then used to determine the apprbpr%ate 181 metric

$core for the wading and hoat sites (Tables 4.5 and 4 7)

Boat Sites

No. re!atinaship with dratnage area was found for numbers at boat sites (Fig.
4-27). A bisection between the 5% and 95% Iines was USed to determine the

scoring criter?a given in Table 4-6.
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Metric 11: Propertion of 1ndivﬁdua1s a3
Simple Lithophilic Spawners

This metric was designed as a replacement meiric for the proparttun of
individuals as hybrids. 1In Ohfo streams the hybrid metric was not a
consistent indication of water quality or habitat problems per its original
intent. Hybrids have been observed to occur in high quality Ohio streams
(e.g. minnow hybrids), can arise from sensitive parent species (e.g. longear
sunfishy, are often times absent from headwaters streams and severely impacted
streams, and they can be difficult to identify. Although the frequency of
hybridization has often been associated with habitat degradation this did not

appear consistently enough in the Ohio EPA data base to distinguﬁsh this type
of 1mpact _

Spawriing quilds have been shown to be affected by h“bit t quality (Berkman and

.Rabery 1887) and have been suggested as an a1tern”t1

' tric {Angermier
and Karr 1986) Fish that exhibit sﬁmple spawning ;

nd require clean
phi]ous“} appear
-65v These simple

bstrate. Eggs then deve1ap in the intersti a Spaces*between sand,
grave “and cobble sized substrate particles. Berkman and Rabeni {1987} found
a significant negative correlation between simple Tithophilic spawners and the
percentage of st in r%ffles Historica]ly some simple. 1§thoph13ﬁc spawners

{s»{Trautman 1981). Some ‘simple spauners d
'iand often have buoyant adhesive or ’

. _ e “f*rocks (e.g.
’fantail*darter bluntnose and fathead minnows) or, 331dtAg nests and

guarding and caring for the eags {e.g. most sunfis These are termed
comp\ex with and without parental care. Designations of Ohig Fish species
~ appears “in Appendix &, Table B-3.

Because:.of theﬁr unique sensitivity to enviranmentaf disturbances.
particu1ar1y siltation, simpie Yithophilic species are used..

Hading'and Boat Sites

No relationship with drainage ares was observed at. wading sttes (Fig 4273 .
Thus scoring was accomplished using the alternate trisection method. Simple
1ithophitls are a major component of the fish communities in these streams,
reflecting the importance of clean gravel and cobble substrates. A partial
retationship between the proportion of simple Tithophilic species and drainage
area was Found at the boat sites (Fig. 4-28). This involved a decreasing
trend at sites with dra1nage areas greater than 600 sguare miles. This is

4.48
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apparently related to the increased proprt1on of groups such as buffaloes,

carpsuckers, gars, gizzard shad, which are c1assified as simple mﬁscei?aneou»
spawners (Balon 1875).

Headwaters Sites

" The number. of simpie }1thoph11§c species is ysed instead of the proportion of
Andividuals for headwaters. Because headwaters are more likely to be
»predominated by a feu specﬁes, some of which may be sﬁmpie iﬁthoghils, the

_1nd1cator, This metric is strongly related to drainage area at headwaters
$3tes (Fig. 4-29).
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Hetric 12: Proportion of Individuals Hw{h Beformifies,
Eraded fins, Lesions, and Tumors - DELT (AV1).

General

This metric Keys in on the health of ﬁndﬁvidua1 fish within a community us%ng

~the percent-ocCurrence of external anomalies and corresponds to. the percentage

of diseased fish in Karr’s (1981) original IBI. Studies of wild-fish
populations have revealed that these and other anomalies are either. absent ar
occur at very low.rates at reference sites, but reach higher- pertentages at
impacted sites: (Mi1)s et al. 1966; Berra and Au 1881; Biumann et al. 1987
Common causes- of DELT (deformities eroded fins, Iesﬁons and" tumo_ y
anomalies are described in Allison et al. (1977}, Post (}983) ‘and 0
19872 and include the effects of bacterial, viral, funga), and
infnctions«‘nao 'astic d1seases. and chem1c31s An 1ncreasa 1,}]

et a1 g7 Beria and Au 1983) Also ana]ys%s of Ohio. data
clear relationship between black spot and stream degradation. (Hhi

1987) Dtheu;parasites are also excluded due to the 3ack nf 3. cpns

to tumors. deformities, and Tesions. Prior
_‘873) should be referred to for consistentg

downstream frbm d

harges of 1ndustria1 and municipal wastewa 15
subjected to" ermittent stresses from combined sewers -an
Leonard an h {1986) found that this metric showed consiste
responses hetneen increasing tncidence of anomalies and - ﬁncrea,
degradation. Karr et-al. {1986) report that the primary range:
far this metric is the Jow end of the IBI. We have also obser
to function- weli 4n situations where structural measures (1.e.
richness, numbers, bﬁomass) indicate ‘mproving conditions. For
modified Iub scores indicative of near complete recovery in the;Scioto Rﬁver
downstream from Columbus were accompanied by DELT values greater than 3y,
This observation shows that subacute stresses are present and that recevery is
not as compiete as the structural measures alone indicate. Thus this metric
can also represent the intermediate to high range of fish communﬁty
sensitivity to environmental stress.

HWading and Boat Sites

Bofh the scoring method and criteria for this metric differs from Karr et al.
(1486) and was developed by analyzing wading and boat methad data from
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reference sites sampled in Ohio between 1983 and 1986. for wading sites, the
median BELT anomalies was rounded to G.1% for the highest expected score
(between 5 and 3) and the 90th percentile value (1.3%) was used for
determining the criteria between 3 and 1. for boat sites, the median DELT
anomalies was 1.06% and the 90th percentile was 4.6%. A criteria of 0.5% was
chosen for distinguishing between % and 3 and the 75th percentile (3.0%) was
used for the criterion strongly deviating from the expected (between 3 and
1). He found that one fish would exceed the 0.5% criteria when the sample
size contains less than 200 fish. One fish with a DELT anomaly would be
accepted at a *5* site and two fish at a *3" site, so these criteria are used
when a relative abundance of less than 200 Fish 1s recorded.

Headwaters Sites

The same criteria used for the’ uading sites are also used fur headwaters $ites’

(Table 4- 7)

4-54




.Doc. 0017e/0402¢t . Users Hanual Dctober 30, 1987

Procedyre No. HQHA SWS-6 Date Tssued 13/02/87
Revision No. . * Effective_11/02/87

Calculation and Interprétation of 1Bl Scores

Karr et al. (1986) describes eight steps for the logical sequence of 181
calculation (Table 4-B). Step 1, developing expectation criteria for each
metric, has been completed using reference site data from across Ohio. Step
3, ass1gn1ng species to trophic guilds, and Step 4, identification of
4ntolerant species, 1s also complete {see Appendix B; Table B-3). The
following description of Step 2 and Steps 5-8 cover hand. calculation of 181

scores. Compuier generation of 1B1 scores, with approprﬁate cauticas is
.discussed later.

-Step 2 consists of tabulating a 1ist of species (in taxonomic ‘order) captured

ina survey. and tallying in columds. the relative number of
pach site. Trophic .guilds and 1n»oiarance status for Oh
1isted in Appendix 8, Table B8-3.

ch species at -
5 F1sh species are

1nf8tep S the biological information needed for each metric s summarized in
w ‘ s%milar that in Table 4-9 compi?ed for the cking. River. Avtuai
- number of darter species).shpu}d be plac 'j_the parenthese

Step 6 1nv01ves rating each mptric for each site sampled ‘Criteria are found
in Tables 425, 4-6, and 4-7 and in the individual figures. for the Five metrics
that.vary uith drainage area. The scoring 15 arranged so-thatia 5"
approximates what is expected at a reference site, a *3% deviates somewhat
from, and-a *1% strongly deviates from that expected at-an appiﬂcabln
réference stte. Care should be taken so that uading sites, boat sites, and
;h&aduaters sites samples are scored separately. In severely impacted streams

less’ thau 200 individuals per 0.3 km {wading sit eédwaters sites) or

per 1. 0 km {boat sites), some of the cdnventions far scaring the proportional
metrics {eXcept for percent tolerant species) are altered. following the
'guﬁdance 4n Appendix B.

=Step 1'%s simply the summing of the twelve metric scores for each site. The
maximim score possible is 60 (no perturbation); the mﬁnimum score, where all
metrics deviate strongly from that expected at an app]icable reference site,
15 12 (extremely degraded).

Step 8 consists of assigning integrity classes to the scores that reflect a
general qualitative summary of the community that nun»prafessiona?s £an
‘understand and that are used to determine whether a stream is meeting its
assigned use designation. This is discussed in Sectton 6, *Derivation of
Biological Criteria®. The pracedure used to assign these categories in Ohio
streams, which differs somewhat from the classes suggested by Xarr gt 21.
{1986), s discussed in this section.
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Extremely few Numbers ("Low end Scoring")

Samples with exnremely Tow numbers 4n-the catch can present a2 scoring probiem
in some of the proportional metrics unless certain adjustments are made.
Aquatic habitats that are severely impacted by strong perturbations {e.q.
toxic substances, acid mine drainage) usually have a severe disruption of the
food base and very low numbers of individuals. At such Tow population sizes
the ‘normal structure of the community s unpredictably altered. The
A proportion of omnivores, insectivorous fishes, and percent affected by
anomalies do not always match expected trends in such situations. Although
these metrics would be expected to deviate strongly from the expected in such
a {1.e. score a 1) this 15 not always the case. In fact the absence or

_low proportion of these metrics results in metr&c scores that reflect the
oppasite of the overall situation.

fScoring very degraded sites without modifying scoring criteria for the .-
proportional metrics can overrate the total 181 score for these sites. To
remedy “this situation we examined data from known impacted: sites to determine
a relative numbers criterion below which an alternativa scoring mechanism

ountered when relative numbers are fewer th
ing) or 1.0 km (boat) When 200 and fewer individuals are recorded the
e in Table 4-10 s used making 1B1 scoripg modifications. This was
oped by examining the reaction of the IBI mefrics for -moderately and
1y impacted sites {Appendix A). -

20 individuals per 0.3

;Bur1ng the process of tallying catch result;, summarizing: hio!ogica] ‘
information for each metric, and scoring each metric, the biologist should be
assessing the community and examining whether the cdring approximates the

tonceptual madeI of an app1icab!a reference site@_ :hether the site they are

»possfhility does exist, however remote, for the IBI to*“incurrectly“ S
‘tharacterize a site; thus the biclogist should have a thorough knowledge of
the Yocal fauna and the data. This is one reason uhy the Ghio EPA relies on
multiple measures (IBI and Iwb) and multiple organism groups (fish and
1nveftebrates) to make decisions on complex water quality issues. Guidelines
for-the use of the 181 as a water quality criterion.is discussed further in
Section 7, ”Biqugical {riteria for Dhio Surface Hatgrs”

. The gbove caveats are purposely mentioned prior td thé description of computef

‘generated IBI scores. Karr gt al. (1986) give strong cautions about the
possible misuses of the IBI inc]uding computer geénerated score calculations,
Yotal 1B1 scores themselves, calculated without an in-depth analysis of the
fish communities, can be an inappropriate measure of environmental quality.
However, when the components of the 1Bl and the fish communﬁty are examined by
a trained diologist, computer generation of IBI scores can serve to enhance
the overall evaluation by reducing time spent on calculat 4ons and ﬁncreas1ng
the time available for 1Bl score interpretation.

4-61
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Index of Ne!i-aeiqg

The results of river studies in ‘which the Index of Well-Being {Iwb} was used
have shown a positive relationship betwsen this index and the quality of the
water and habitat. This approach reltes on the assertion that Jeast impacted
stream segments support a larger variety and abundance of fish than stressed
'segments in the same system. This hypothesis has been tested and verified in’
severa] different stituations {Gammon 1976; WAPORA 1378; Gammon et al. 1981;
Yoder et al. 1981; Ohio EPA 1982) and confirms the value that ‘this method has
for monitorﬁng envﬁronmenta\ quality, measuring the effectiveness of water
pollution control programs, and determining attainment of Clean-Water Act
goals (1.e. fishable waters, biological integrity). The Ohio EPA has used a
set of guﬂdei?nes employing ranges of the lid and narrative descriptions of
comnunity structure .and function to assist in estab1ish§ng attatnable use

¢riteria and tu determ1ne attainment of C]ean Naier Act goals sinta 1980 {ses
Sect\nn B)

"rg ﬁarived
_sed an

| methods”gahio E9A'1987a)

The Twb presents. some advantages aver the IB! particular1y in the

calcylation of site scores. Unlike the IBT the lwb 45 the result of a

iema] cal £a1cu1atﬁon based on the results’ of standardized: sampiﬁng. While

-thiS may appedr to be an undesirable attribute based on. the cautions given by
' {3986}, ‘we view this as an advi age 10 having a result that is

om site to site, as long as f} d”samg%ing 4s performed atcording

s {Ohio EPA 1987a). In addition we have found that the
;oilectﬂon of biomass data (required to-caleulate the 1w) 1s not

1ificant expenditure of time as long as subsamp11ng techniques are used
(Appendix’t)

comparab}
to specif

A modification of the original Iw was recently developed {Appendix C) which
makes the index more sensitive to a wider array of environmental disturbances,
particularly those that resuit in shifts in community composition without
large reductions 3n species richness, numbers, and/or hiomass. The modified
Iwb retains the same computational formula as the cnnventional Twe

developed by Garmon {1976). The difference $5 that any of 13 highly tolerant
species, hybrids, or exotic species are eliminated from the numbers and
biomass components of the I«b. However, they are included in the two

Shannon index calculations. This moéﬁficat1on eliminates the “yndesired"
effect caused by a high abundance of tolerant species, but retains their
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“desired" influence on the Shannon indices. We have alse found that examining
the difference between the origingl lwh and modified isb can be of vaiue.

An ipcreasing difference between the modified and original Iwb 15 & direct
indication of the influence of tolerant species which in furn is correlated
with @ loss of integrity in the fish community.

Calculation of modified Iwb scores for electrofishing samples 1s best
perfarmed with the atd of a computer. The data regquirements are somewhat more
rigorous than the 18] since standardized relative numbers and biomass data ts
required and the Shannon index and Iw calculations themselves involve log
functions. Other reguirements include samp]ing effort baséd on distance v
following the procedures outlined in. Qhio EPA. (xsa?a} flata collected in any

‘different manner will simply not. be comparab1e to the. Ohio EPA reference site
-data base.
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Figure 4-24. Percent pioneering species vs. drainage area (Headwaters
sites) using the alternate trisection method (no relationship
with drainage area) for determining 5, 3, and 1 181 scoring.
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modified Iw for wading and boat sites sampled by pulsed-OC
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Figure 4-26. Number of individuals per 300 m {minus toterants) versus
drainage area {Headwaters and Wading sites) showing a
bisection method for determining 5, 3, and 1 1BI scoring..

For streams with extremely few fish (<200 individuals/0.3 km
including tolerants) an alternate scoring:procedure is used
{see text).
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Figure 4-27. Rumber ‘of indﬁviduais per km {(minus to1erants) versus
drainagé area (Boat sites) showing a bisection method for
determining 5, 3, and 1 IBI scoring. For streams with
extremely few fish {<200 individuals/km including to]erants)
an-alternative scoring procedure is used {see text).
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DRAINAGE AREA (SQ.MI.)

Figure 4-28. Percent of simple 1ithophilic species vs, drainage area

(Wading sites) using the alternate trisection method (no
relationship with drainage area) for determining 5, 3, and 1
181 scoring. ¥alues at sites draining less than 20 square
miles are included for reference.
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. Figure 4-29. Percent of simp]e 1ithophilic species vs. grainage area {(Boat

sites) using the alternate trisection methad {partial
negative relationship with drainage area) for determinﬁng 5

'3, and 1 IBY scoring.
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e 4-30. Percent of simple 1ithophilic species vs. drainage area
Flgur (Headwaters sites) using the standard trisection method
V (positive relationship with drainage area) for determining §,
3, and 1 1BI scoring.
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Table 4-1. Index of Blotic Integrity metrics used toleva1ua%eAwadﬁng sites,
boat sites, and headwaters stream sites, Original metrics from
Karr {1981} are given first with substitute metrics following.

Headwaters Wadin Boat
IBL Metric o Sites?,? Sites Sites3
1. Total Number of Species? X X X
2. Number of Darter sﬁecies ’ x5 *
' % Round-bodted Suckers® . ' ' X
3. ‘Number of Sunfish Species I K _ X
Number of Headwaters Species X
4, Number of Sucker Species A Zx ‘ X
Number of Minnow Species X '
5. Number of Intolerant Sﬁecies » _ X X
‘Kumber of Sensitive Species X - ’
6. % Green sunfish : . |
% 'ToYerant Species : X s %
‘?L,j% Umnxvores ' X X X
,3},?% Insectivarcus Cyprinids 1 _
’ -vansectﬁvorcus Species ‘ X ¢ X
‘9., % Top Carnivores ‘ X ' X
% Pioneering Species X '
10, Number of Individuals’ % X X

11..% Hybrids
% Simple Lithophils- X b
Number of Simple Lithoph111c Species A

12. % Diseased Individuals ,
% DELT Anomaltes® A X X

B .
ke i e

pmerr—
——

1 appTies te sites with drainage areds less than 20 sq. mi.

2 these sites are sampled with wading methods; 3 these sites are sampled
Wwith boat methods; 4 excludes exotic species; ¥ includes sculpins.

B 4acludes suckers in the genera Hypentelium, Moxostoms, Minytrema, and

 Erimyzon; excludes white sucker (Catostomus cowmefsonﬁ)

excludes species designated as tolerant, hybrids, and exotics.

tncludes defarmities, eroded fins, lesions, and external tumars (DELT).

o -t
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Table 4-2. The distributional characteristics of Ohio's sucker species
{family Catostomidae)

: Widely ' Sma11 ' Large: Rare or
Species Distributed Streams Rivers timited

Quiliback carpsucker %
“River carpsucker
'Hﬁghfin carpsucker
Silver redhorse
Black redhorse
Golden redharse
Sharthead ?adhorse
River redhorse
”Greater redhorsa

oL
26 e B< ¢ B D% D¢ D¢

6K X

Smaiimuuth huffa%o
Black buffalo
Horthern hog sucker % A
White sucker _ X : %
Spotted sucker X .

" Creek chubsucker X : X
Lake - chubsucker ' ‘ o X
‘Harelip sucker {extinct) ~

‘Longhose sucker ‘ X

e Sk D& He Dt i
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4.3, Criterﬁa for inclusion of species on the Ohio EPA intolerant and
: toierant species 1ists.

N
2)

Intolerant Crﬁteria

A d\stinct and rapid decreasinq trend in abundance with decreas%ng water
and habitat quality (based on graphica1 ana}ysis, Appendix B, Fig B~1).

Abundance skewed towards sites with high Tws scores (which s
ref]ected An"high weighted Tw scores; Appendix B, Table B-2).

The ‘species is absent from sites With 1w <6.0, “aceurs: at-a few sites
<1.0, (s present at the major1ty of - siteg >8 0 (Appendﬁx B, Tab\e

. B~ 2)

4

1)

2)

3y

A signiftcant historical decrease in distrihution {based on Trautman
1981)

Tolerant Critéﬁié-

Present in d substan 427 number of sites with Iw values <6.0 -
(Appendix B, Tab?e B-2}.

No change ar a historical increase in abundance or distribution (haSed
on Traotman 1981).

A ShifE towards commun\ty predominance with decreasing water and habitat. :

';quaiity (Appendix B, fig. 8-1).

4-30




oc. 0016e/0382E

Procedure HNo. EgﬁA SwS- 6
Revision No.

Users Manual

- October 30, 1887

Date lssued 11/02/87

* Effective 11/02/87

Table 4-4. List of Ohio fish species cons1dered to be highly tolerant (for
calculating 181 and modified Twb values) to a wide variety of
environmental disturbances including water quality and habitat

degradation.

Tolerant Species - A1} Sampler Types

Common Name

‘Central mudminnow
White sucker
Carp
Boldf ish
Bolden shiner
Blacknose dace

" Creek chub
Bluntnose minnow
Fathead minnow
Green sunfish
Yellow bullhead
Brown bullhead
E. banded k111ifish

scigntific Hame

Umbra Jimi

Catostofus commersoni
Cyprinys €arpio
Carassiys auratus
Notenigonus crysoleucas
Rhinichthys atratu]os
Semotilus atromaculatus '

' PimephaTLs notatus

glmgphglgsvpromeias

Leponts cyanellus
'Ictalutgganatali§

1ctalyrus nebulosus
Fundulus 'diaphanus ﬁiaghanus
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index of Bietic Integriiy metrics and scoring criteria based on

fish comounity data from more than 300 reference sites throughaut
Ohia. These criterta apply to wading sites only (sampler types D,

£, and F at sites >20 sq. mi.

5 Ohlo EPA 1987a).

Category

Scbrinq Crife

ria

ﬂetric 5 . 3

Species composition

Traphic composition

Fish condition

% Insectivores

Total.spectes:  Varies with drainage

Darter spet#es‘A ‘Varies with drainage
Sunfish species. >3 2-3
Shcker species ‘Yar¥es with drainage
Intolerant species | |

<100 sg. mh. »5 3-5

>100 -sq. mi. ‘Varies with drainage

% Tolerant {no.) Varies with drainage

% 0mnivores <18.6 18.5-34 .

<30 s5g. mi. Varies.wﬁth drainage
>30 sq. ;. - »54.b 26.3-54.
:ﬁ'pr carnivores >5 .145
% Simple Lithophils 535 18-36

| % DELT Anomaties  <0.13 0.1.1.3b
fish numbers® . >I5D

200-750

area (Fig. 4-2)
area {Fig. 4-4)

area (Fig, 4-10)

<3

area (Fig. 4-13) |

area {fig. 4:76) -

s san

area (Fig. 4-20)
& <26.3

<1
<18
>7.3

<200

o @

ar >1 individua) at sites with <200 total fish.
or >2 individuals at sites with <200 total fish.
excludes tolerant species; special scoring procedures are used when

relative numbers are less than 200/0.3 km (see Appendix B).
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Table 4-6. Index of Biotic Integrity me?rﬁcs and scoring criteria based on

fish community ‘data from more than 300 reference sites throughaut
Ghic. These criterta apply to boat sites anly {sampler types A and

AR ~ 8; Ohio EpA 1987a).
Scoring Criteria _ i
Category Metric 5 3 o } ’E
Species composition Tctéiﬁéﬁecies >20 10-20 . <D
% Round- bodieé o ,
Suckers 1 1938 <18
fSunﬁishnspecieé >3 2-3 <2
‘Sucker species sy 3-5 o«
Intelerant species >3 2-3 <2
% Tolerant {no.j) <15 15-27 >21
Trophic composition % Omnivores <16 16-28 - 528
% Insectivores . 354 27-54 <21
% Top €arnivores 10 5-10 <5
Fish condition % Simple Lithophils ,
<600 sq. mi. »50 0 25-50 <25
>§QO sq. mi. varyes with drainage area (Fig,‘#izg}
% DELT Anomalies <0.5 .5-3.0 >3.0.
Fish numbers® <200 - 200-450 450

or >1 individual at sites with <200 total fish.

or »2 individuals at sites with <200 total fish.

excludes tolerant species, special scoring procedures are used when
‘relative numbers are Tess than 200/km (see Appendix B).

[ali~20 -
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Table 4-7. Index of Biotic integrﬁty metrics and scoring eriteria based on
fish community data from more than 300 reference sties throughoot
Ohlo. These criteria apply to headwaters sites only (sampler types
D, €, F, and 6 at sites <20 sq. mi.; .Ohto £PA 19873).
. .. Scoring Criteria i
Category Metric B .3 1 §
§§§;%es composition  Total species ,Varie;;gﬁfh drainage area (Fig. 4~2) E
Darters + sculpin Varies with drainage area (Fig. 4-5) .
Headwater species >3 2-3 <2
Minnow species Varigs with drainage area (Fig. 4-12). .
Sensitive 5p.2 varies with drainage area (Fig. 4-15) ' ' %
% Tolerant (no.) - : :
<10 sq. mi. <3 - 34-51 >57 ,
>10 sq. mwi. Varies with drainage area {Fig. 4.18)
Trophic composition % P%pneavﬁng sp. - v<3ﬂ 30555’ »355 ‘
% Omnivores Vartes with drainage area (Fig. 4-18)
% Insectivores Varies with drainage area (Fig. 4-20)
Fish condition Simple Lithophils Varies with drainage area (Fig. 4-30)
% DELT Anomalies <0.10P - 0.10-1.30¢  >1.30
Fish numbersd L o
<8 sq. mt. Varies with drainage area (Fig. 4-26)
>8 sq. mi. C>750 200-750 <200
4 inc!ﬁdes intolerant and moderately intolerant species {Appendix B}.
b or > individual at sites with <200 total fish.
¢ or >2 individuals at sites with <200 total fish.
d

excludes tolerant species; special scorﬁng procedures are used when ';
relative numbers are less than 200/0.3 km: (see Appendix B). é
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Table 4-8. The eight steps in the calculétﬁon and interpretation of the Index

of Biotic Integrity as described by Karr et al
appropriately modified for wse in Ohio.

. {1986) and

Step - Description

ﬂh?ﬁﬁi?ﬁnhpg1icatioh _

Applicable Figs.,
Tables, Appendix

. Develop expectation crﬁteria

fur each 331 metric.

Tabulate nqmber of fish by

species.

. Assign ‘spectes to trophic
et lds

. fdentify species tolerances.

Summarize information for

each 181 metric.

. Rate each 1B1 metric accord-

ing to trﬁter1a developed.

Calculate total 1B1 score.

. Corvert total 181 score to

one of five integrity classes.

%(wadﬁngl
’ wat&rs}

Stream Regﬁana!izdtﬁon
Project study design.

Fish Information
“System (FINS),

tjte ature revieu

hoa‘t;,: head-

Do by hand or use
'computer assistance

Dhio biglagical

¢riteria for WQS

Hse a%tainmentlnon~

attatament:

Figs. 2-1; 4-2
through 4-29;
Tables &1 thru
4-7.

Appendix B,
Tabie B-3.

Appendix B,
Tabie B-3.

Jable 4-1;

Tables 4-5
through £-7;
Figs, 4-2 thru
4.29.

Sea Table 7-7
and consult
Section 8.
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Table 4-9. Evaluation of the fish community at two sites in the upper Hocking
River during August-September, 1982 using the Index of Blokic
integrity modified for application to Dhio waters (boat sites).
Scores are assigned based on whether the 1ndividua1 metric values
(in parentheses) approximate (5), partialiy deviate (3}, or
strongly deviate (1) from what is expected 1n a Yeast impacted
stream or- river

Samp]ﬁng'StaﬁﬁQp.gﬁikgr Mile)

IBI Metrics - 82.4 824 82.4 783 18.3 783
Taektal Species OB TS )Y 4y 3(T6) 3 14 3(14)
Total Individuals . 10 8) 1(12) 1(C4) BN (206)  1(130)
Sunfish Spectes  3(2) (1) 3(2) 5(4) 3(3) 54)
Sucker Species SN2y (1) Ry (Y 35) 33
intolerant Species ~ 1 0) - I{ 0) 1( 0y o) oy 10

* PROPORTIDN OF INDIVIDUALS (%) L _ o

Round-bodied Suckers 1( 4 ) 1( 0) 1(4) 3(19) 3(32) 3( 34
Dmniveres. 170y 1 67) 1(76) 1L §3) 1( 41} 1(.38)
Insectivores W R2) (19 1(20)  3(36)  3( 54)  3( 50)
Tolerant Species 1085 N B6)  1(92) 1{ 60) (44} I(42)
‘pr’carhiéorés ‘ BTy 3Ty WAy HS) A4y 310
Simple Lithophils g2 7y 8 ) 60)  5( 72} 5( 57)
Anomalies 0 0y W0 500 5(0) 50)
Indgx Value 16 14 14 34 30 34
Drainage Area 334 334 334 437 431 437

% these metrics are adjusted because
guidelines for “low-end® scoring.

of low overall numbers according to the
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Guidelines for scoring the proportional metrics of the 1BI 4n

severely impacted streams in Onio with less than 200 individuals
per 0.3 km (wading methods) or per 1.0 km (boat methods). “Total
individua1s“'ﬂn'thi§ table refers to relative number.

Hezrit

Gu?delfneé for 181 Scoring Modifications

Propartion as

omnivores .

praportion as
Insectivores

Proportion as
Top Carnivares

Proportion as

‘Simplie Lithophiis

“or spotfin shiner,.

For wading sites results we recommend assigning 3 scare

of "1% for this metric with less than 50 tota)

1nd1v1duais 50-200 total Individuals a score of "I¢
‘ cies consﬂdered as generalﬁst feedsrs

are numeryca:
blacknose dace are t
predominate in thése - s%tuatﬁons The same procedure is
used for boat $ites results. For headwaters Sites less
than 8 sg. m drainage-area, the numbers cutoff thangés.

At sites w

and less total ndividuals (25 1nd1v1dua1s at
headwater ‘Bisg, mi.) & scere of "1V is
automatically At sites with 50-200 total
individuals £ tic can be scored "1 1f this metric

is predominated fther striped $hiner, common shiner,

species that can act as omnivores unéer
certain conditions: (&ngermeﬁer 1983).

At boat sites the Tevels of top carnivores that would

norma]ly attain a score of "5" at sites with less than 200
total individ should be scored a *1", dependent .on the
judgement o fologist involved in scoring. A simialr
: used at sites sampled with wading

methods ifn igh proportion of top carnivores 1s due to
a predomznante~ofugra55 pickerel in impacted areas.

This metric always scores a "1* at sites with Jess than
50 tota) individuals; however, this is rarely different
from $ts score without the adjustment. This applies at
both wading and boat sites. Ho adjustment is necessary at
headwaters sites.

¥ reflecting the fewer expected- inéﬁuiéuals o

4.62
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Table 4-10. {continued).
Netric - Guidelines for IBI.Scor%ng:quificatﬁons .
- Proportion with Sites with less than 50 total individuals are scored a *1°
DELT Anomalies for this metric (25 individuals at headwaters sites).

Sites with 50-200 total individuals are also scored a "1*
3f circumstances suggest that DELT anomalies mey be
underestimated. A predomin of ‘young fish that have

not *accrued" anomalies-may also be sufficient reason to
$cofe a “1“

Proportion as: . 4t headwaters sites this metric’ 15 scored a "1* if there
Pioneering Species -are Jess than 50 total individuals.at >8 sq. mi. . and 25
at <8 sq. mi.

Proportion as “Ro' adjustments are necessary;f@ngfzisgmgiric,

Talerants N o

Proportion as o adjustments are necessary For this meétric.
Round-bodied

Stckers

4.83
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~Table 4-11. Computaticnal formulae for the modified index of ué]l%béfng
- {1sb) and the Shannon diversity 4ndex.

Modified Index of Well-Being {Iwb)

I = 0.5 In K'470.5 1n B + f (no.) + 7 (wt.)
where:

N

"

relative numbérs of all species excluding speciges dasigﬂated
‘highTy'to1erant‘ {Appendix B, Table 8-3).

itive weights of all specles excluding species destghated
‘hsg y tolerant® (Appendix B, Table B-3).

.a,.
"

H (ng;)-x;§hgqun,diversity index based on numbers.

H (ut¢j>;}$haﬁﬁ§h'd}versity index based on numbers.

Shannon Diversity Index

=i
it
3

- i) ey, fne)

where;

Py = re¥a£iva numbers or weight of the ith species
N« total nunber or weight of the sample

4-B5
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SitTiQN 5: BIOLOGICAL DATA EVALUATION: MACROINVERTEBRATES

Macroinvertebrates have been widely used nationwide for many years in
poliution studies invelving flowing waters. At the Ohio EPA,
macroinvertebrate communities have been collected and ana?yzed since the
Agency's inception in 1973 4n an effort to provide biological data to be used
in the water quality monitoring process. Yo date, data has been collected at

least ‘one time from over 1500 locations displaying a wide varie»y of water
quality -¢onditions within the state.

Aquatic macroinvertebrates are animals without backbones that are Targe enough
to be seen- by the unaided eye, can be retained by a U.S. Standard #30 mesh
seive (0.595 mm openings), and Tive at least part of their Vife cycles within
- or uponﬂavailabie substrates 4n a waterbody. Stream macroinvertebrates
» 'organisms such as crayfish, snails, clams, aquatic worms, and, by far

predominant, larval forms and some adults of several insect orders.
As a group, ‘they have a number of charvacteristics that- make thiem useful as
indicators of environmental quality:

'ij E{hgyafarm permanent, relatively innmb1ievstre§@’Cbmmﬁnitﬁes;

2) they can be easily collected ¥n large numbers in even the smat]est of
: streams;

3) ‘they can be easily sampled at relatively low ¢ost per sample;
4) ‘they are quick to react to environmental Chan§é¥

5) ‘they eccupy all stream habitats and, even- within family and generic

groupings, display & wide range of functional feeding preferences
{3.e. predators, co]lectors, shredders, scrapers), T :

6) ‘they inhabit the middle of the aquatic fuod web and are a major source
"7 of food for fish and other aguatic and terrestrial anima]s' and

*i) ‘taxonomy has developed in recent years to the point uhere species
" Jevel identifications of many larval forms are avatlable along with
muych envirenmental and pollution tolerance: information

Species composition and community structure of stream: macroﬁnvertebrates are
determined by environmental factors that have existed throughout the life
spans of the organisms. Consequently, most types of environmental
disturbance, whether long or short term, can alter: ‘£he existtng conmunity
structure. - The duration and magnitude of community. alterations depend upon
the duration and severity of the environmental change.

Evaluations using macroinvertebrates are based on the fact that characteristic

assemblages of these organisms occur In waters of varying physical and
chemical properties. In streams of high water qua\ity and suitable habitat,

5-1
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assemblages of these organ1ams occur in waters of varying physical and
chemical properties. 1In sireams of high water quality and suttable habitat, a
stable, well-balanced macroltnvertebrate community ususlly exists. The
organisns Jn these areas are usually larval forms of predominantly. pollution
sensitive inséct groups such as stoneflies, mayflies, and caddisfiles. The
most po?lutinn talerant groups such as sludgeworms pulmonate snails, and many
types of larval dipteran insects (1.e. bloodworms} are often represented by 23
few species in low numbers. When environmental quality is adversely impacted,
the sensitive.groups decline or are eliminated and the few tolerant organisms

present greatly increase in number. A11 types of organisms may- be ahsent
under extreme toxic condﬁtiuns

Invertebraté”ﬁommunity Index {1€1)

The prﬂnciaie:measure of overal} macroinvertebrate conmunity condition used by
the Ohio EPA™§ the Invertehrate Community Index {I1Cl), a measurement er%Ved
inhouse framtth‘fuea]th of information collected over the years., The 1C17 is 2
modification of the Index of Biotic Integrity (IBI) for fish deve?oped by Karr
(1981) and: explained 1n deta’l in Section 4 of this document. The ICL
ructural and functional community metrics, each with:four
scoring categoriés of 6,4,2, and O points (Table 5-1). The point system
generally evaluates a samp\e against the database of relatively undist rbed
reference sites {Figure 2-3, Appendix A-3). S$ix points will be scored if a
given metric has:a value comparable to those of exceptional stream .
communities, nts fnr thase netric values characteristic of more»typicai
good communities; 2 po .
expected ra gu'd va1ues, and 0 points fcr metrﬁc va1ues stron
deviating e expected range of good values. The surmation of ‘the
individual metric scores (determined by the relevant attributes of an’
- invertebrate sample with some consideration given to stream drainage area)
results in the 1C1-value. Four scoring categories were chosen because of the
historicat use by the Ohio EPA of four levels of bioJogical community
condition (i,e. ‘exceptional, good, fair, poor) a-§itvation which (as defined
abave) 45 reflected by the metric score of a sample. The scoring categories
were calibrated. using data from the 232 reference sites. To determine the
6,4,2, and U values for each 1CI metric, the reference site database was
p]oited against drainage area. Each metric was visua11y examined ta
determine 1f ‘any relatyonship existed with drainage area. Hhen 1t was decided
if a direct, inverse, or no relat fonship existed, the appropriate 85% line was
estimated and the area beneath quadrisected as determﬁaed by the distribution
of the reference pbints. Some percent abundance and taxa richness tategories
were not quaér_‘ected s¥nce the data points showed & tendency to clump at or
near zero. ~In these situations, a quadripartite method was used where one. of
the four scoring categories included zero values only, and, in two cases, the
remaining scoring categories were delinzated by an equal division of the
reference data points.

The decision to use the ten mefrics 1isted was determined by analyzing the
process by which Ohio EPA staff biologists judge the quality of a
macroinvertebrate sample. 1In effect, the index quantified a more sybijective,
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narrat%va approach that was used previously (described in DeShon et al.

1980). The end product was a single number to evaluate bﬁo]ugical condition
that has incorporated into 4t ten measurements that, with various degrees of
effectiveness, can and have often been used to accomplish this task
individually.. 1t was thought that, used as a. set, these metrics would
minimize the weaknesses and drawbacks each has separate]y Hostly structural
‘vather thana functional components were used because of their accepted.
historical use, simpler derivation, and ease of interpretation. Hetrics 1- g

are all generated from the artiftcial substrate sample data while Metric 10 is
based on the qualitative sample data only.
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Hetric 1. Total Number of Taxa

The plot of the total taxa metric vs. drainage area is depicted in Figure
5-1. Taxa richness has historically been a key component in most all
evaluations of macroinvertebrate integrity. The underlying reason is the
basic ecological principle that healthy, stable biological communities have.
high species richness and diversity. As can be seen by the scatterplot the
total number of taxa teénds to decrease in the larger rivers. This can be

~explained by the stream continbum concept {Cummins 1975) which predicts fewer
- species in larger rivers due to changes in organic inputs and plani growth.

Another possibility 4s that even the best, larger Onio rivers with reference
sites have some cultural degradation. ' o ”

Metric 2. Number of Mayfly Taxd

Mayflies are an Smportant componént of an undisturbed stream macroinvertebrate
fauna. As a group, they are decidedly pollution sensitive and are oftén First

to disappear with the onset of perturbation. Thus, they are a good indicator
of ambient conditions.. Tt

Tot of reference site mayfly taxa vsi drainage

- area 1s depicted in Figlir ¢ The general trend 1n mayfly diversity

 Caddisflies are often @ ]

reflects highest variety of types in intermediate size streams with stight
decreased diversity in the smaller and larger drainages. This ¥s probably a
result of the transitional nature of the intermediate streams and the
corresponding increased variety of macrohabitat, microhabitat, and food
sources. 1In effect, environmenta) conditions are highly diverse and support a
mayfly fauna transitional between the smaller Ohio streams (predominated by
shredders and collector: nd the larger Obio rivers (predominated by
collectors and grazers).. o

Metric 3. Number of Caddisfiy Taxa

redominant component of the macroinvertebrate fauna
in larger, relatively unimpacted Ohdo streams and rivers. Though tending to
be.a 1ittle more pollutton tolerant as a group than mayflies, they display a
wide range of tolerance among types. Not withstanding, howsver, few can
tolerate heavy pollutional stress and, as such, can be good indicators of

environmental conditions. The distribution of reference site caddisfly taxa

vs. drainage area shows a clear, increasing trend with stream size (Figure
5-3). This can be explained by the predominance in Ohio of . net spinning,
filter feeding caddisfiies of the familtes Hydropsychidae, Polycentropodidae,
and Philopotamidae and micro-caddisflies of the Family Rydroptilidae. Habitat
preferences of the filter feeders are streams with abundent suspended organic
matter while the micro-caddisflies feed mainly on periphytic diatoms and
filamentous algae. These environmental conditions are best met in the larger
streams and rivers where import of fine particulate organic matter is
maximized -and plant growth optimal due to availability of finer sediments and
more open canopies.. As can be seen in the figure, for drainages Jess than 600
square miles, zero scorés ofcer only when no caddisfly taxa are present. For
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drainages greater than 600 square miles, at least two taxa must be present to
score other than zero. »

Hetric 4. Number of Bﬁpieran Taxa

0f all major aquatic invertebrate groups, dipterans, especially midges of the
family Chironomidae, have the greatest fauna) diversity and display the
greatest range of pollutional tolerances. They are usually the major o
component of an invertebrate collection using Ohio EPA methodology and, under
heavy pollutional stress, can often be the only insect collected and, at the
same time, be the predeminant macroinvertebrate group. Larval taxonomy has
improved greatly for ‘the group and clear patterns of organism assemblages have
become distinct under water quality conditions ranging from the pristine to
the heavily organic.and toxic. The fact that they do not usually disappear
under severe pollutional stress makes them especially valuable in evaluating
water quaiity. The distribution of dipteran taxa v§. drainage ares is shown
in Figure 5-4. A clear, inverse relationship with larger dratnages (>100.sg
miles) is apparent. ° e larger rivers, there is-a tendency towards =~
increased populatian Fewer dipteran taxa. This is probably the result'-ef
abundant food supplies but fewer functional feeding groups as habitat

conditions become more MONOtonoUs. »

Hetric 5. Percent BiyfTies

As with number of mayfly taxa, the percent abundance of mayflies in a sample
can react stongly and rapidly to often minor environmental disturbances.
Though much more reference site variability exists in this metric compared.
with the taxa metric, there is a strong relationship with water quality. 4s
can be seen by Figure.5:%, the range of abundances in the relatively =~
uynimpacted reference atabase varies from near zero to greater than 80
percent. However, d rom s1ightly degraded (fair) and severely degraded.
(poor) stream comminities fn Ohlo Jndicate that mayfly abundance 15 reduced
considerably under s1ight impact and is essentially nonexistant under severe
impact. Thus, ¥t was felt that even a few mayflies in low abundance should
score at least minimal¥y. Therefore, only those samples with no mayflies will
score zero for the metric. Scoring categories also reflect the observation
that no relationshipiexists with drainage area. :

Metric 6. Percent Caddisfiies

As with number of caddisfly taxa, percent abundance of caddisflies is strongly
related to stream size (Figure 5-6). Again, optimal habitat and availability
of appropriate food type seem to be the main considerations for large.
populations of caddisflies. As can be seen in the figure, the caddisflies can
make up a significant portion of the macroinvertebrate community, often
exceeding 25 percent of the organisms collected. However, they are just as
1ikely to be found in gquite Jlow numbers, at times Jess than 1 percent.
Because of their general position as an intermediately pollution tolerant
group between the mayflies and dipterans and because they disappear rapidly
under environmental stress, zero scores are restricted to those sites less
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than 6C0 square miles where no caddisflies are collected. At sites greater
than 600 square miles, 4t 15 felt that appropriate habitat conditions are much

more likely to exist and, therefore, caddisflies should be present in at least
minimal numbers to store greater than zero.

Metric 7. Percent Tanytarsini Midges

The tanytarsin% midges are a tr1ba of the chﬂronomid subfamily Chironaminae,
The larvae are generally ‘bhrrowers ar clingers, and many species build ;
out of sand, $11t, and/or detritus. Many species feed on microergani‘
detritus through f11tering end gathering though a few are scrapers,

o%lutional stress. “As can be seen 10 figure
nage ared effact on their abundance. Beca“

Metric B. Percent Other: Diptera and Non insects

'_atic sou~bugs freshwater hydras, and"‘na
'gative metrtcs of the 1C1. Taxa 1n 2he

water QUa]ﬁty'céﬁﬁi:
~arganisms will compri

‘_xéo percent of the individuals collected ih
invertebrate sample. {

. 8 depicts the distribution of reference
data for the metric.A As ,Acted reference stte percentages are inv ;
related to stream sizé. wever, this relationship does not seem to. hold for
impacted situations; under these circumstances, other dipterans and
non-insects usually predominate as a high percentage regardless of - stream
size. 1n cases where conditions are so severe that no organisms-arz collected
(in effect, 0 percent other dipterans and non-insects), the metric should
sCore a zero.

Metric 9. ?gr;ént:Tglerant Organtsms

values for this metric are generated using the 1ist of organisms provided in
Table 5-2. The Yist inclides those organisms in Ohio that appear to be
extremely pollution telerant and tend to predominate in cases of severe
perturbation. The 1ist’ jncludes organisms tolerant to organic degradation as
well as some Ohto taxa found to resist toxic impact, se the metric should be a
reasonable measurement of community tolerance under buth types of

degradation. This 15 a desirable difference over other established
measurements of community tolerance (1.e. Hllsenhoff's BL) that were developed
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to reflect one type of pollution or the other. Like Metric 8, this is a
negative metric and, as such, compliete absence of organisms 4n a sample should
score a zero for the metric. Figure 5-9 depicts the reference site tolerant
organism percentages vs. drainage ared. A Strong inverse retationship with
drainage area exists. For drainages greater ‘than 1000 square miles, the
percent of tolerant organisms found at referénce sites becomes so low that the
scoring categories are guite restrictive. In fact, at a number of the
reference sites, nope or less than 1 percent of these organisms were present.
However, as w%th Metric 8, drainage areavtends to have 1iitle effect when

011ut10na1 disturbances are prevalent. Sites with minor or severe degradation
can have ]arge popu]ations of these organﬁsms regard1ess of - stream size.

Hetric 10. Qualitat1ve EPT Taxa

This metrit s the one 1€1 metric that 4s genérated by the qualitat%ve sample
taken ¥n conjunction with the artificlal Substrate sampling. Since the
~gualitative sampling utilizes a substra" dependent method, that is, a method
affected by the kinds of natura) substrates ailab]e in the sampIing area,
“the metric is a measurement of habitat. qua]ity 15 well as of habitat types
other than the run habitat where artifﬁc1a1 ubstrate sampling occurs. The
metric consists of the taxa richness of Ephemeroptera {mayflies), Plecoptersa
(stonefI%es), and Trichoptera (caddisf}ies) Since stoneflies are relatively
yncommon in summer collections in Ohio, the metric 1s mostly dependent on the
kinds of mayflies and caddisflies found. The" depiction of qualitative EPT
taxa vs. drainage area {Figure 5-10) rﬁflects ‘a ‘trend similar to Metric 2, the
number of mayfly taxa. Again, 1t s though Tthat this trend is a result of
greater habitat and food type variety An ‘the Antermediate sized streams
_ transitional between small sireams and .large rivers.
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Figure 5-1. Total macroinvertebrate taxa’?s;.draipage area using the
' ‘quadrisect method for determining 6,4,2, and 0 ICI scoring
{Inverse relationship with drainage areas >100 sq.miles.).
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Figure 5-2. Total mayfly taxa vs. drainage area using the quadrisect method
for determining the 6,4,2, and D ICI scoring {Direct relationship
with drainage areas <100 sq. miles; 4nverse relationship with
drainage areas >300 sq. miles.).
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{guFe S-4. Tota) dipteran taxa vs. drainage area using the. quadrisect method
Figure. -4 for detegmﬁning 6,4,2, and 0 1CI scoring {!nverse relationship
with drainage areas >100 sq. miles.).
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quadripartite method for determining 6,4,2, and 0 ICI scoring (Ko
relationship with drainage area; zero scorﬁng for zero mayflies.).
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Figure 5-8. Percent abundance of dipterans (excluding tanytarsini midges) and
. non-insects vs. drainage area using the quadrisect method for
determining 6,4,2, and 0 ICI scoring {Inverse relationship with
drainage areas >100 sq. miles.).
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scoring {laverse relattonship with drainage areas <1080 $G.
miles.).
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| Kyte Rominger - Re: Ca you please send me an electionic Gopy of your memo dated July 8, 2007 for e Vilage of Har Page 1]

From: Kyle Rominger

To: Urish, Matt

Date: 7/26/2007 2:42:14 PM

Subject: Re: Can you please send me an electronic copy of your memo dated July 9, 2007 for

the Village of Har

OK. 1just had to check since I've had that happen in the past. Here you go.

*** IMPORTANT NOTICE ** This email, and any attachments hereto, is a confidential attorney-client,
attorney work product and/or pre-decisional FOIA-exempt document intended solely for the use of the
individual(s) to whom it is addressed, and may contain legally privileged and/or confidential information. If
“you are not the intended recipient, you are hereby notified that you have received this e-mail in error and
that any forwarding, printing, copying, or other distribution or dissemination of this e-mail and any
attachments is strictly prohibited. If you are not the intended recipient, please permanently delete and

destroy the original and all copies, printouts and other versions of this e-mail and any attachments and
immediately notify:

Kyle Rominger

Assistant Counsel

llinois Environmental Protection Agency
(217) 782-5544

E-mail address: Kyle.Rominger@illinois.gov

>>> Matt Urish 7/26/2007 2:39 PM >>>
Yes, | understand tha. It is for my own files in Word.

>>> Kyle Rominger 7/26/2007 2:33 PM >>>
Matt,

Why do you need an electronic copy? The reason | am asking is that | want to make sure it will not be
" copied and pasted into a review letter, or otherwise released outside the Agency. Itis a confidential
communication, but it will lose its confi dentlallty if released outside the Agency.

Kyle
>>> Matt Urish 7/26/2007 2:26 PM >>>

Can you please send me an electronic copy of your memo dated July 9, 2007 for the Village of Hartford
Ordinance? Thanks.
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Table 5-1. HMacroinvertebrate community metrics and criteria for calculating
the Invertebrate Community Index {(IC1) and ICI scores for
evaluating biotogical condition.

Stare
Metric 0 2 4 &

1. Total Number of Taxa Varies with drainage area (Fig. 5.1)

2. Total Number uf’ﬁayfiy Taxa Varies with drainage area (Fig. 5-2)

3. Total Number Qf taddisfly»faxa Varies with drainage area (Fig. 5-3)

4.  Total Number of ﬁﬁgteranéTgxa Varies with drainage area (Fig. 5-4)

5. Percent Mayfly Composition 0 >0,<10 >18,€25  >25

6. Percent Caddisfly Compdsition Varies with drainage area {Fig. 5-&)

7. Percent Tribe Tanytarsini ,

Midge Composition 0 >0,<10 >18,<25 >25

B. Percent Other Dipteran and : _

Non-Insect Composition Varies with dralnage area (Fﬂg. 5-8)
9. Percent Jolerant hrganisms varies with drainage area (Fig. 5-9)
{from Table 5-2)

10. Total Number of Qualitative .

EPT Taxa Varies with drainage area {Fig. 5-10)
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Table 5-2. List of pollgtion tolerant organtsms used 40 determine Metric ¢ of
the Invertebrate Community Index.

Common Name ' Scientific Name
Aguatic segmented worms Annelida: 0}1gochaeta
Midges Diptera: sectrotangg dyari

Cricotopus (C. } picinctus
Cricotopus (Isocladﬁas)
sylvestris: group
Kanocladius (N.) distinctus
Chironomuy (c Y spp.
Dicrotendipes simpsond
Glyptotendipes prob. barbipes
Parachironomus hirtalatus
polypedilum (£.) fallax group
Polypediium {P.} ! I lingense

Limpets - Mollusca: ferrissia spp.

Pond snails Physella spp.
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SECTION 6: DERIVATION OF BLOLOGLCAL CRITERIA

ot

The derivation of biological criteria for Ohio surface waters is essentially
based on a knowledge of what biclogical community performance can be attained
at reference sites selected according to the Stream Regionalization Project
(SRP) study design {Whittier et al. 1987). This is consistent with the
definition of biotic integrity as discussed by Karr and Dudley {1981}, Hughes
et al. (1982), Karr et al. {1986), and Ohio EPA (1987b). The bislogical
criteria represent the ecological structure and function that can reasonably
be attained given present-day background conditions (Whittier et al. 1987).
Thus, these criteria are not an attempt to define “pristine®, pre-Columbian
- conditions. This does not preclude the possibility that future changes to the
criferia could take place with changes in population, urbanization, and/or
land use practices that are observed to result in improved biological
community performance.

Btological data from the veference sites were ysed to establish regional
triteria (where appropriate) for the IBI, modified Iws, and I1C1. A notched
box-and-whisker plot method was used to portray the results for each
biclogical index by ecoregion. These plots contain sample size, medians,
ranges with outliers, and 25th and 75th percentiles. Box plots have one
important advantage over the use of means and standard deviations (or standard
errors) because they do not assume a particelar distribution of the data.
Furthermore, outliers (i.e. points that are two interquartile ranges beyond
the 25th or 75th percentiles) do not exert an undue influence as they can in
the derivation of means and standard errors.

Ecoregional criteria for the Warmwater Habitat (WWH) use designation are
established as the 25th percentile value of the reference sites for each
ecoregion. The Exceptional Warmwater Habitat (EwWH) criteria are based on a
combination of the entire statewide reference site data set (by method) and
are set at the 75th percentile value. Both WWH and EWH are defined Yn the
Ohio Water Quality Standards {WQS; Ohic Administrative Code Chapter 3745.1)
and reflect attainment of the “fishable/swimmable" goals of the Water Quality
Act of 1987. For examplie, when all sites sampled for fish during 1979-1986
are considered the Wil criterta {using a modified Iwsb benchmark of 8.5 for
WWH) represents the upper 13-17% of the modified 1wb values recorded during
that period (Fig. 6-1)}. The EWH criteria {(using a modified 1w benchmark of
§.5 for EWH) represent the upper 3-6%. Choosing the 25th percentile excludes
those reference sites that were initially selected based on geners] watershed
characteristics, but which did not perform up to our expectations due to
$nfluences that only the resident biota could discern given the scope of the
investigation. It also excludes sites which were initially thought to be
marginal (3.e. HELP ecoregion), but which were retained to provide a _
sufficient sample size to examine for ecoregional differences. In this sense
choosing the 25th percentile as the minimum WQS WWH criterion is
environmentally conservative and virtually eliminates any bias induced by
including marginal sites. This relatively low percentile value was chosen
because the reference sites used to construct the reference site database were
carefully selected as *least impacted“ sites. This clearly is net a random
sample of sites within each ecoregion, but is biased towards the watersheds
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with the Teast influence from human activities. The fWH criteria (upper 25%
of all reference sites) appropriately reflects the EWH definitdon 4n the Ohio
WOS and s applied evenly acruss the state, Streams and rivers designated EwH
are characterized by an above average abundance of sensitive macroinvertebrate
taxa and fish species (intolerant plus moderately intolerant species), and in
larger streams, top carnivores (e.g. smallmouth bass). EWH waters are also
generally characterized by more intolerant and fewer tolerant species than
other streams (Tables 6-1 and 6-4) and generally provide habitat for unique
species assemblages {i.e. species listed as rare, endangered, and threatensd),

At least two factors used in setting the WWH and EWH criteria offer additianal
protection against the potential influence of a less than optimum initial
setection of reference sites. 181 and ICI are based on a trisection and
quadrisection procedure, respectively (see Section 4), which focuses on a line
of maximum value (1.e. 95% Vine). Thus the influence of sites with metric
values that are low for onme reason or another 15 negligible because this
method 1s weighted in favor of the sites with higher values. Secondly,
cheosing the 25th percentile of the reference site results for each index
eliminates values that were low because of factors which the resident Biota
could discern, but to which the initlal reference site selection procedure was
not sufficiently sensitive: Together these ensure that the criteria are
consistent with the goals of the Water Quality Act and protective of their
designated uses. ' S '

Variations in the ecological criteria between ecoregions are related to &
general habitat and biogeographical differences that are linked to the ;
particuilar features (soils, vegetation, land form, land use) that characterize
each ecoregion. Thus the influence of theseé factors are eventually accounied
for in the derivation of the biological criteria on an ecoregional basis.

Fish Community Data

wWading Sites v ’ '?

The notched box-and-whisker plot for the 1Bl and the modified I« using data
from 113 wading sites (generally sites with drainage areas less than 300 sq.
mi., but > 20 sq. mi.) is presented in Figs. 6-2 and 6-3. The notch in the
box-and-whisker plot corresponds to the width of a confidence interval for the
median. The confidence Jevel on the notches s set to allow pairwise
comparisons to be performed at the 95% level by examining whether iwo notches
overlap. Strong ecoregional differences are evident in the IBI between the
Huron/Erie Lake Plain (HELP), Western Allegheny Plateau (WAP), and the
remaining 3 ecoregions. The modified Iwb was Towest in the HELP ecoregion,
followed by the EOLP, and highest in the remaining thres ecoregions. The mean
(+#SE), median, minimum and maximum range, and quartile values for the 1BI and
Iwb for each of the five ecoeregions and statewide combined are given in

Table 6.2. The 1B1 values reported here differ somewhat from those reported
by Whittter et al. (1987). This is due to later refinements in the 181 by
Ohio EPA and the use of a Varger data base to establish the ecoregianal
criteria. :
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Boat Sites

Examination of the boat sites data base {75 sites) showed Joss pronounced
differences between the ecoregions than that shown for the wading sites for
both the IBI and the modified Isb (Figs. 6-4 and 6- 5y. For IBI the highest
interquartile values occured in the Eastern Corn Belt Plains (ECBP) with the
lowest values in the Huron/trie Lake Plain (HELP) ecoregion. The modified
isvt showed a different pattern with the Erie/Ontario Lake Plain {(EOLP}
ecoregion having the Jowest interquartile values. The overall resulis were
comparatively similar. The differences between ecoregions for both the 18I
and modified Iws were less pronocunced in comparisan to that shown with the
wading sites. This seems reasonable in that larger stream and river systems
extend between and through adjacent ecoregions and tend to "dampen out® some
of the sub- watershed specific characteristics apparent with the streams that.

are entirely located within one ecoregion. The ecoregional and statewide
summary is given in Table 6-2.

Headwaters Sites

The Headwaters version of the IBI was used to.evaluate fish community data for
70 headwaters sites {drainage areas <20 'square miles). The notched
box-and-whisker plot for the IB1 {modified for headwaters sites) using data
from the 70 reference sites is presented in Fig. 6-6. Ecoregional differences
are evident for the IBI beiween the Huron/tErie Lake Plain (HELP) and the
remaining 4 ecoregions. The range between the 25th and 75th percentile values
was relatively large in the Interior Plateau {1P) and Western Allegheny
Plateau {WAP} compared to the other ecureginns The ecorggional and statewide
summary data are given in Table 6-2. ‘

1t is not appropriate to use the modified 1w to evaluate Headwaters Sites.
This 4s because of the very strong influence of drainage area on the 1w and
the markeéd change in scale of the Iwb at these sites. This is due in large
part to the character of the fish fauna at headwaters sites. Large fish that
contribute to the biomass component of 'the Iwu in the Yarger streams and
rivers are elther reduced in abundance or generaliy absent from these areas.
Also, species richness is very much affected by drainage area which accounts
for part of the effect of this facter on the I itself.

Habitat Considerations

Macro~habitat for fish was evaluated using the Qualitative Habifat Evaluation
Index (QHEL) which was developed by Ohio EPA (Ohio EPA 1887a). This index is
based on the following macro-habitat characteristics: subsirate type, amount
and type of instream cover, channel morphology development and stability,
riparian zone width and composwtion pool and riffle-run quality, gradient,
and drainage area. The QHEl scores for each site type by ecoregion are
presented along with the biological index results in Table 6-2. Ecaregion
quartiles, means, and medians are remarkably similar among all except the HELP
ecoregion where scores are markedly lower. The 75th percentile QHEL for the
HELP 45 lower than the 25%th percentile QHEI in the other four ecoregions at
wading sites. Only a slight overlap exists for the headwaters sites and no
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appreciable difference was ‘evident for the boat sites. Much of the difference
observed at the wading and headwaters sttes is because of the extensive degree
to which small streams have been modified in the HELP ecoregion.

Macroinvertébrate Community Data

The notched box-and-whisker plot for the 1C1 using data from the 232 reference
sites sampled with modified Hester-Dendy multiple-plate artificial substrate
samplers is presented in Figure 6-7. Summary information of the database
including the 25th percentile value for each of the five ecoregions and the
statewide 75th percentile value s given in Table 6-3. '

Examination of the data indicates that median values are statistically
different only between the Huron/Erie Lake Plain {HELP) sites and the Western
Allegheny Ptateau (WAP) and Eastern Corn Belt Plains (ECBP) sites. Even here,
however, the significance 4s marginal. The same trend holds for the 25th
percentile values which range from 34 in the HELP to 38 in the WAP and £CBP,
Stmilar variation exists in the 75th percentile values where all regions score
from 44 to 48. Tt ts apparent from the reference site data that ecoregion has
tess effect on the “IC1 using Ohio EPA sampling methodology than it does on
headwaters and stream fish communities.

To determine the performance of the ICI, macroinvertebrate data from 431 }
sampling locations collected from 1981 to 1984 and previousiy evaluated using
more traditional approaches ({.e. diversity index, taxa richness, BPJ) were
compiled and index values determined. Results are summarized in Table 6-4 and
frequency histograms depicted in Figure 6-8. The database consists of 279
Tocations that were evaluated as goed or exceptional (no or slight bislogical
tmpairment), 76 locations evaluated as fair (moderate biological impairment),
"and 76 Jocations evaluated as poor {severe biological impairment). Fair and
poor evaluations ndicated nonattainment of the goals of the Water Quality Act
(WQA). Some of the least impacted good and exceptional sites were
subsequently included in the reference site database. 1In conirast to the.
reference sites, sampiing Yocations represented a wide range of water quality
and habitat conditions even among the good and exceptiona) set where minor
water quality and habitat problems may have been exerting influences. The.
frequency histograms in Figure 6-8 reveal a clear segregation of sites
considered to have met WQA goals (good and exceptional) from those sites
considered not to have met the goals (fair and poor). Table 6-4 supports this
by indicating wide separation, both statewide znd within ecoregiens, 4n all
summary measurements. These resulis indicate that the ICI can provide an
objective, quantifiable, and standardized means of evaluating biclogical
integrity. In essence, 1t compares stream sampling Jocations with proven
reference streams. ¢f similar stze and ecoregional characteristics. This
presents a substantial advantage over evaluation on a site-by-site basis using
one or a few community characteristics and/or & heavy reliance on best
professional judgement.
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Problems Unique to the HELP Ecoreqion

Defining the WWH criteria for the IBI and Iw in the Huron/Erie Lake Plain
(HELP) ecoregion invelved detailed considerations of past and present physical
habitat modifications. Based on the site evaluation descriptions {including
Qualitative Habitat Evaluation Index scores; Table $-<2), the field
observations of Ohio EPA biologists, and the descriptions of land use patterns
in this ecoregion (Whittier et al. 1987) none of the wading and headwaters
reference sites in the HELP ecoregion reflected *least impacted® conditions
rejative to the reference sites in the other four ecoregions. The distinction
is with the widespread degree to which macro-habitats have been altered among
the headwaters and small streams in the HELP ecoregion. Intensive rowcrop
agriculture and attendant drainage practices (3.e. channel modification to
improve subsurface drainage) have left few streams that fit the true
definition of “least impacted® in this ecoregion. As a result 1Bl and Iw
values from the wading and headwaters reference sites of this ecoregion
reflect these influences: Dertving the WWH wading ‘and headwaters sites
criteria for the HELP ecoregion involved an examination of 181 and Iwb

results from.all sites sampled during 1979-1986 (Figs. 6-9 and 6-10)., We
chose the 1BI and Isb values that marked the upper 10% (90th percentile) of
all sites sampled (Table 6-5) as an alternative to choosing the 25th _
percentile of the reference sites (which ylelded lower values; Table $-2). An
accompanying review of some historical descriptions of ‘streams in this
ecoregion (Meek 1889, c.f. Trautman 1981; Kirsch 1895; Trautman 1839, 1881;
Smith 1968; Trautman and Gartman 1974) assisted in making some of the
necessary judgements about attainable WMWH conditions in this ecoregion.

Modified Warmwater Habitat (MwH)

The pervasive nature of the modified habitat conditions among the wading and
headwaters sites throughout the HELP ecoregion prompted the development of a
use designation different than WwH. This was done to better use the existing
concept of use designations and chemical-numerical and narrative criteria with
the biological criteria approach. The Modified Warmwater Habitat (MwWH)
designation applies to highly modified habitats that support the semblance of
8 warmmater biological community, but where that community falls short of
‘attadning the WWH biological criteria because of functional and structural
alterations due to alterations of the macro-habitat. Examples of this include
" most of the small stream systems in the HELP ecoregion that have been
extensively channelized and straightened {e.g. Little Auglaize R. subbasin).
This concept 1s also extended to streams in the other ecoregions although not
to the widespread extent as within the HELP ecoregion. A common attribute of
a1l MuWH stream segments is that they have been ‘altered by the physical
modification of the stream channel and/or substrate to the extent that full
attainment of the WWH use 15 not expected in the near future. Such impacts
are not necessarily Timited to a3 direct manipulation of the stream channel,
but can include heavy sedimentation and extensive impoundment. Recovery of
such areas to WWH s not possidble without a recovery of the stream channe) to
a pre-modified condition or extensive basin-wide land use changes (e.qg.
elimination of sediment runoff from abandoned surface mines). Areas impacted
by these activities contain functionally and structurally altered fish ‘
communities resulting from the degradation of the macro-habitat. Such altered
communities are characterized by a predominance of tolerant species, a
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predominance of functional gquilds such as omnivores and generalists, and only
moderately reduced diversity. Ironically, abundance as refiected by fish
numbers €an be very high as ithe result of the increased productivity of
tolerant species, omnivores, and generalists. Such communities are tolerant
of low D.0., elevated ammonia, and/or nutrient enrichment.

The MWH use 1s needed to administratively handle those sﬁtuations where it is
known {through demenstrated field studies) that water quality based effluent
1imits based on WWH chemical criteria {particularly D.D. and ammonia) are not
necessary to protect these altered aquatic communities, but where applicetion
of the Limited Resource Waters (formerly Huisance Prevention) designation is
inadvisable because the aquatic community requires some greater level of
chemical protection, particularly for some toxic substances. However, MWH is
not being proposed as a way to achieve large scaie.mndfﬁicationnofvstreams
that currently meet the Wt bivlogical criteria.

Initially the MwH use will be designated and evaluated based on the fish
community. Macroinvertebrate results reflected by the ICI do not apply,
primarily because the current sampling method (artificia) substrates) ,
diminishes the influence of habitat. These results will be used, however, to
evaluate’ the significance of any water quality impacts in MuwH designateé
waters. An effort will be made to develop macroﬁnvertebrate‘ewaiuatian
‘techn1qnes ‘that respond to the macro-habitat modificdtions included in the MW
designation. 181 and modified Iwb criteria for the MWH use were established
by using data from a set of habitat modified reference sites These sites
ure and grouped into

three disturbance type categories; 1) channelized, 2} m ne rainage affected
(does not inciude sites with chrontc low pH), and 3) impounded sites
(primarily larger streams and rivers excluding publically owned lakes and
reservoirs). Sites located downstream from point sources and with chemical
water quality problems were not included. Because of the number.and
geograph%ca? distribution of the modified reference sites we combined data
from the four non-HELP ecoregions; the HELP ecoragion was ana)yzed
separately. The mine affected disturbance type was unigue to the WAP
ecoregion. Summary statistics by ecoregion grouping (HELP and ‘Other) and
distorbance type are given in Table 6-5.

The Qualiitative Habitat Evaluation Index (QHEI; Ohic EPA 18873) 45 also
included since 1t plays a key role in determining the applicability of the HWH
use designation. A cemparison of the MWH and WWH reference sites shows that
QHET values are clearly lower for the MWH sites. The Jower guartile {25th
percentilte) QHEI values at the WWH reference sites were consistent1y higher
than the upper quartile {75th percentile) MWH reference sites. Some s1ight
overlap between the minimum WWH QHEI scores and the maximum MiWH QRL1 scores
was evident. The rélationship between the QHEI and 1Bl was demonstrated by
using the WWH and MWH reference sites data base {Fig. 8-11). The correlation
was positive and significant for each site category, but some scattering of
points away from the regression line was evident. Although QHEL s an
adequate evaluation tool for use designation purposes 1t ¥s not a precise
predictor of IB1. Guidance for designating aquatic Tife uses 15 discussed in
Section 8.
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indicates that. the median values are not significantly
different {P<0.05}.
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the Invertebrate Community Index (1CI) showing maximum, minimum,
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ranges. Notch overlap between regions indicates that the median
values dare not significantly different (p<0.05}.
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tigure 6-10. Frequency histogram of Modified Index of Well-Being {lw)

“values at al) wading sites in the HELP ecoregion during
1979-1986.
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Figure 6-11.
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Table 6-1. Fish community characteristics of sites that attain Exceptional

Warmwater Habitat (EWH) and Warmwater Habitat (WWH) in the Ohto
reference site database compared to sites that do not attain WwH

based on a set of impacted sites used to establish low-end scoring
criteria.

. NKaan ‘Mean
Classitication Iwb IBL  Infol. %Oomni- %Tol. %Round %Top Darter Total
{no. sarpies)  (1QR) {IOR) Speciss vores Spac. Suckers  Carn: Species Specjes
'ﬂ&';ﬁn_g Nathods :
B (40! 10.0 53 6 1215 13 48 6 30
{3.7-10.3)  {50-58)
w66y 2 9.0 44 3 18 27 7 a4 5 22
8.7-9.2)  {42-48)
Ixpactedt45) 3.7 20 o 33 a5 0.5 2.1 Q 9
3.0-4.5)  {16-24)
Boat Methods:
o ! 9.9 52 4 16 10 57 10.4 3 27
{9.6-10.2) (50-54)
W (55)2 9.0 44 2 21 12 2 12.1 ) 21
: (8.8-9.3)  (42-46)
impacted(82) 3.5 18 ) &0 57 4 3.1 o 5
(1.94.8 (16-20)
QR ~ inturquertile Range.
ot for purposes of illustration, E¥H criteris: 18] 350 and Iwb 29.5.

for purposes of illustration, Wi criteria: 1Bl 240, <50 and IWD 28.5, <§.5.
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Table 6-2. Summary ecological and drainage area characteristics of the
reference sites used to establish attainable ecological criteria
for Dhio’s rivers and streams based on the 181 and modified lwb.

Ecoregion
Huron/Erie inter jor Eris/Ont. . Allegheny  E. Corn Statowide
Lake Plains Plateau Lake Plains Piatasu Belt Plalns.  (ail sites

{HELP) (P (EQLP) {WAP} {(EC8P) combiaed) .

I, FISH COMMUNITIES
1. WADING SITES (Sampler Types D, E, £)

Humbor of Sites 7 10 21 34 al 113

No. of Samplos (] 23 57 79 102 277

Drainsae Area {mi.?)

Haan 58.1 150.7 45.9 % 1.4 86.8
(45E) 7.2 16.5 3.2 7.4 7.4 4.2
Bodian 57 15 a3 89 73 £5
Rango 24107 28-371 20-112 22-337 23283 20-483
Quartile . ‘
tower (25%) 34 T3 27 a3 39 36
upper (758) 86 216 54 134 ] i

Number of Spocies’

Mean 16.6 26.2 20.9 2.8 23.8 24.0
t+58) 1t 0.8 0.6 0.6 8.5 0.3
Modian 17 27 23 27 23 24
Rangs 1 9-25 18-35 11-28 14-37 13-37 9-37
Quartile ~
towar (25%) 14 24 20 24 20 20
upper (7% 19 27 24 31 27 27
Modifiod Indax of Well-Being (lwb)
Maan 7.2 9.1 8.5 9.1 8.0 8.8
(4SE) 0.19 0.19 0.05 0.4 0.07 0.06
Kadian 7.4 9.0 8.4 9.3 9.0 8.9
Range 6.1-8.7 7.8-11.4 6.7-10.3 6.2-11.3 5.7-10.6 5.7-11.4
Quartile : '
lowsr (25%) 6.6 B.4 8.0 8.5 8.5. 8.3
upper {75%) 7.6 9.7 8.8 9.7 8.5 9.4 t
: 3‘
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Table 6-2. (continued).
Ecoregion
Huron/Erie Intorior Erie/Ont. ¥. Allegheny  E£. Corn Statewide
Lake FPiains  Platesu i,ak‘e Plains Plateay Bolt Plains {(all sites
(HELP) ¢19] (ROLPF  (WAP) {ECBP} comb i nod)

I. WADING SITES (Samplar Types D, E, F} - continuad

indax of Biotic Inteqrity {(IBI)

#oan 28 43 47 - AB 44 44
{456} 1.3 1.6 0.7 0.8 0.6 0.5
Hadian 23 42 40 . 50 44 a5
Rango 22-36 32-56 3050 8-58 2856 22-58
Quartile
lowar (25%) 26 34 38 a2 AQ 38
upper {75%) 32 48 45 54 50 50

Quslitative Habitat Cvaluation Index (OHEL)

Moan 56 75. 73 74 74 73
(+SE) 4.6 2.0 1.8 1.4 1.3 6.0
Madian 55 “ 74 7 75 72
Range 41-74 64-84 53-50 55-91 59.590 41-9)
Quartila
lower (29%) 49 72 70 68 69 63
upper (75%) 62 82 18 8 - 80 78

2. BOAT SITES (Sawler Type A

Number of Sites 7 7 0w 12 39 75

Na. of Samplas 20 20 20 28 103 191

Drain. Area (mi.z)

Maan 1433 332 252 2243 707 941

{+58) 43 a8 : 33 A0% 74 9a
Modian 37 359 229 1884 503 483
Range 202-5559 116-1145 § 17630 806471 122-3197 %6471
Quartile
fowar (2551 346 195 137 382 272 240
uppor {7¥%) 2428 959 367 577 655 1030
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Table 6-2. {continued).
coragion
Huron/Erie tnterior Eria/On¥. W. Allagheny €. Cora Statewide
Lake Plains Plateau  Lake Plains  Plafeay  Bolf Plains (811 sites
(HELP) ap (EOLP) AP} (ECEP) combined)

2. BOAT SITES (Serpler Type A} -~ continued,

Hurbar of Speciaes’

Hoan 24.4 23.9 19.2 22.4 R 2.2
{45€) 1.l N 1.0 1.1 0.4 0.3
Hadian 25 23 19 21 2 22
Range 17:34 15-38 11-27 15-37 8-31 8-38
Quartile .
lower (25%) 20 2 15 19 19 i9
upper (75%) 27 27 23 25 25 24
Nodified Index of Well-Being {Iwb)
Moan 8.2 9.2 8.9 9,0 9.0 9.0
(436) 0.2 0.1 . 0.1 0 0.1 0.05
#odian 9.4 2.t 8.9 §.0" 9.0 9.0
Range 7.3-11.3 8.5-10.2 7.8-10.0  8.1~i0.4 7.5-10.4 7.5-11.3
RQuartile ] )
fower (25%) ‘B.6 8.8 8.3 B.4 8.7 8.6
upper (75%) 100 © 9.4 9.4 2.5 9.4 9.45
lndex of Biotic Integrity (iB1)
Haan 37 43 40 42 4G a4
(486) 1.6 1.1 1. 1.2 0.8 0.5
Neodian 3%. a5 40 42 a6 44
Ranga 2648 32-52 28-52 28.54 w56 265
Quartile }
tower (25%) 33 37 .37 38 Az 38
upper (75%) 43 49 43 4B 52 50
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Tahle B-2. {continued).
Ecoreqion
Huron/Erie Interior Erie/Ont. W. Ailegheny E. Corn T Statewide
taka Plains  Plateas Lake Plains Plateauy Balt Plains {ati sites

CHELP) e (EOLP) (AP (ECBP) combined)

2. BOAT SITES (Sampler Typa &) — comtinusd.

Qualitative Habitat fvaluation indox (DHE})

HMoan 8 8l 75 75 2% 76

taSEY 3.7 1.2 2.7 2.9 1.0 0.9

Modian 80 . 82 7% 2 7% 77

Range 67-90 75-84 5850 60-88 60-88 58-90

Quartile :

| tower (25%) &7 80 71 65 73 72
upper {75%) 86 83 80 85 79 91

3. HEADWATERS SITES (Samgler Types D, E, and F at sites <20 mi.?)

Number of Sites 2 1o 23 1% i 70
No. of Samples  § 18 8 - w 38 13%

Draini. Ares (mi.?)

Mean 4.6 9.4 §0.5 7.3 9.8 9.3
(456} 0.3 1.5 0.8 0.9 0.8 0.5
Hodi an 5 7 10 6 9 9
Range 4.5 2-18 20 fulB I-19 §-20
Quartite

Jower (2575 A 4 & 3 5 5

upper {79%) 5 18 14 12 13 14
Nunbar of Species

Roan 8.4 16.5 16.0 13.6 i7.0 15.4
(4SE) 1.5 1.1 0.7 ta 0.8 0.5
Radisn 6 % 16 14 18 16
Range 6-12 10-26 627 3.3 5-27 3-31
Quartila

towor (25%) 6 14 13 7 14 12
upper {75%) 12 19 20 18 20 (£]

&-1
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Table 6-2. {continued).

Ecoregion
Huron/Erie Intarior Erie/Ont, W. Alfegheny  E. Corn Statewide
Lake Plains  Plateau Lake Plains Plateay Bait Plains {811 gites

CHELP) (1P} (EOLP) (WAP) (ECEP) combined)

3. HEADWATERS SITES (Sampler Types 0, E, ond F ot sites <20 w5 2 - continued.

Index. of Bidi‘i}: integrity (iBW)

Mean 27 46 43 47 a5 44
C(4SE) 1.0 2.2 0.8 (.6 1ot 0.7
Hedian 26 a4 az 48 46 45
Range 24-30 28-58 28-56. 30-60 3360 24-80
Quartile .

towar (25%) 26 40 40 40 40 40

uppor (75%) 28 54 48 54 50 50

Qualitative Habitat Evalustion Index (QHEL}

Maan 61 : Toeh 67 &7 T 86 &6
(+3E) - 6.5 i 1.2 1.3 1.5 0.7
Modian 61 65 66 ' 66 65 23
Range 5457 60-70 54-77 B6-76 58-76 54-77
Quarti le

lower (25%) 54 63 62 64 61 62
upper (/5% 67 68 7i 70- 72 7
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Table 6-3. Summary ecological and drainage area characteristics of the

reference sites used to establish attainable ecological criteria
for Ohio's rivers and streams based on the ICI.

Ecorpgion )
Huron/Erie  Interior . Erie/Dnt. W. Allagheny  E. Corn Statewide
Lake Plains Plateau Lake Plains Plataau Belt Plains (atl sites
(HELP) {1P) (EoLP) (WAP) (ECBP) combined)
I. MACROINVERTEBRATES

Corposite Sample of Five Artificial Substrates

Numbor of Sites 31 19 45 48 89 232

Drainage Ares (mi 2}
Roan 671 274 ' 65 863 406 397
2SE) 200 69 - 1 176 83 : 57
Median 327 195 40 146 128 {14
Range 155543 141145 4-367 15-5082 6-3849 46087
Quartile 4
lower (25%) 68 80 : 20 87 55 45
upper (79%) 776 358 86 292 - 453 321

Invertebrate Community Index (ICI)

Bosn 38 a1 A0 A2 42 41}
(+5E3 1.5 2.1 1.3 1.0 0.9 0.5
Modian 38 Iy A2 44 44 &2
Range 18-50 22-56 18-54 24-56 12-54 12-5%
Quartile
fowor (25%) 34 34 % 38 8 3%
upper (79%) A4 48 48 46 a8 &8
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Table 6-4.  Summary ecological characteristics of macroinvertebrate sites
collected from 1981-B4 used to judge the performance of the
Invertebrate Community Index (ICI). Exceptional, good, fair, and
poor classifications were based on best professional judgement
techniques used prior to development of the ICI.

i
i ¥

Ecoregion

HELP 1P goLp WAP ECap Statewide
1. Gooﬁ(txceptionaz Sites (n=279)
Hean 31 45 37 37 40 39
(+SE) 2.1 1.4 1.2 1.5 0.7 0.5
Median 38 46 38 36 42 40
Range 20-50 30-56 20-54 20-54 18.54 18-56
Quartile | - ﬁ
lower{25%) 30 38 30 32 36 .34 : .
upper{75%) 46 50 ¢ 46 44 46 45 :
2. Fair Sites (n=76)
Mean 18 13 17 16 17 17
{+SE) 2.4 5.0 0.9 1.1 0.6 0.6
Median 16 13 17 16 . 16 16
Range 8-28 8-18 6-32 12-20 14-22 6-32
Quartile
lower{25%) 15 B 14 14 16 14
upper{75%) 22 18 22 18 © 18 20
3. Poor Sites {n=7%)
Mean 4 0 6 4 R 5
{SE) 1.2 0.0 0.7 1.1 1.5 0.5
Median A i 5 4 T 4
Range 0-8 0-0 0-1% g-12 0-14 0-16
Quartile ' ‘
Tower{25%) 0 0 2 0 5 1
upper{ 75%) 8 L] 10 B 10 10
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Table 6-5. Summary ecological and habitat characteristics for the Modified
warnwater Habitat reference sites used to derive the Modified
-Warmwater Habitat (MWH) biological criteria.

Channelized Mine Affected Impounded

 HELP Other WAP Only HELP  Other

1. WADING SITES (Sampler Types D, £, F)
Number of Sites 10 12 7
Kumber of Samples 24 25 . 17 .

Index of Biotic Inteqrity (181}

Hean 24 32 K11 S - w
{+SE) 0.7 1.3 1.4 - :
Range 18-30 24-48 22-40 -
Quartile: N
lower 22 28 26 - -

upper - 28 36 12 - -

Rodified Index of Heli~3eﬁng {Iwh)

Mean 6.6 6.7 6.5 - - s
{+5E) 0.25° 0.25 0.26 - - i
Range 4.8-8.7 4.0-8.%6 4.7-8.2 - - &
Quartile: ‘ ¢

Jower 5.6 6.2 5.8 - i
upper 7.3 7.6 1.2 - I
Number of Species
Mean 13.9 15.3 11.5 - -
{+58) _ 6.9 1.0 1.1 -
Range 7-25 B-26 10-27 -
Quartile:
Yower 10.5 11.0 15.0 - -
upper 158.5 18.0 20.0 - -
Qualitative Habitat Evaluation Index (QHEL)
Mean 53 A9 67 - -
{+SE} 3.2 2.8 3.4 - -
Range 41-74 36-67 47-73 - -
Quartite:
tower 4D 490 68 - -
upper 45 55 72 ~ -

6-25
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Table &-5. continued.
Channelized Mine Affected Impounded
HELP Other WAP Only HELP Other
2. BDAT SITES (Sampler type A)
Number of Sites . 1 b 6 7 16
No. of Samples 20 17 14 21 48
index of Biotic Integrity {IBI}

Mean 26 24 21 28 33
(+SE) 1.2 1.2 : 1.3 1.3 %8

Range 18-38 20-38 20-36 20-40  1b:=42 -

Quartile: _
lower 21 26 24 2. 30
upper 29 32 30 30 35
Modified Index of Well-Being (Iwb)

Hean 6.1 8.5 6. 7.2 1.4
{+SE) 0.18 0.25 0.20 0.28 0.14
Range 4.6-7.7 4.9.8.9 4.9-7. 4,6-9.3 4.6-9.1

Quartile:
lower 5.5 5.8 5.3 6.7 6.9
upper 6.6 71 6.6 8.0 8.0
Number of Species

Mean 13.3 3.2 10.9 14.5 13.3
{ +SE) - 0.8 1.0 0.1 0.9 0.4
Range 8.18 9.23 7-15 7-21 7220

Quartile:
lower M 11 9 11 1
upper 16 14 13 17 18
Qualitative Habitat Evaluation Index {OHEIL)

Hean 56 48 55 58 62
(+SE) 2.5 3.9 2.0 0.6 1.2
Range 47-66 36-6¢ 4863 566D 56-N

Quartiie: :
lower 50 41 5 56 58
upper - 61 54 57 39 64

6-26
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Table 6-5%5. continyed,
Channelized Mine Affected Impounded
HELP Dther  WAP Only ~  HELP  Other

3. HEADWATERS SITES {Sampler Types 0, £, and F at sites <20 mi.?)

Humber of Sites , 4 12 -8
No. of Samples 10 25 -

Index of Biotic Inteqrity (I1BI)

Hean 25 29 -4 - -
(+SE) s 0 - - -
Range 1832 24-36 - - -
Quartile:
lower 22 26 - - -

upper 28 32 - -

Number of Species

Mean 10.0 13.6 - - -
{+5E) 0.7 0.9 - - -
Range 7-14 5-22 - - -

Quartile:
lower g 1 - - -
upper 12 16 - - -

Qualitative Habitat Evaluation Index (QHEIL)

Mean 45 46 - - -
{+SE) 3. 1.5 - ‘ - -
Range 40-53 38-56 - - -

Quartile: , ‘ :
Jower A0 43 - - -

upper 50 48 - - -

a combined with wading sites due to small sample size.
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Illinois Environmental Protection Agency
Division of Legal Counsel

Routing and Approval Slip

FOIA

To: Director Douglas P. Scott

From: Michael McCabe Mail Code 21
Date: July 26, 2007

gﬁiicle Concurrences: Initials Date

21 | Robert A. Messina  Chief, Legal Counsel

PERSONNEL RECORDS
John O’Connor/Associated Press

John O’Connor, Statehouse Reporter, Associated Press, has
requested CMS Personnel Form 163s pertaining to sixteen (16)
employees of the Illinois EPA. The request is denied..

Michael J. McCabe

The Deadline for mailing this response is Friday, July 27, 2007.
An Extension of seven (7) working days can be taken if needed.

Please call Michael McCabe at 4-6044 when ready.

Time Code:EN19240 Director’s Office #:
DLC File No.:
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SECTION 7: OQIDLOGGICAL CRITERIA FOR OHID SURFALE WATZIRS
Appnlicability

The rationale and general concept of biolegical criteria for the protection of
aquatic Tife is discussed in detall eisewhere (Ohic EPA 1987b). Derivation of
biological criterta follows the tiered aquatic 1ife use hierarchy in the Ohio
WQS (DAC 3745-1). Since the biological ¢riteria are a direct indication of
use attainment/non-attainment they logically supercede the accompanying
chemical criteria surrogates for determining if the applicablie aquatic 1ife
use designation is attained. This applies to the chemical criterta for
aquatic 1ife protection purpeses only and to biological data that has been
collected and analyzed according to the procedures outlined in this manual and
in Ohio EPA (198?&)

‘The 25th percentile index values for the reference site data base is the
minimum WWH criterion for each ecoregion {with the exception of HELP). The
EWH criterion s the 75th percentile value of the combined statewide
database. The Modified Warmwater Habitat (ﬂNH) use designation is based on 3
reference site data base of physically altered streams and rivers within an
ecoregion that support the semblance of a WWH community, yet cannot fully
attain the quantitative wMH biological criteria due to long-term and
ssentially irreversible physical macro-habitat modifications, Examplies of
such modif ications include widespread channeiiza;ion {e.g. L. Auglaize R.
subbasin) and extensive sedimentation due to non-acidic mine runoff impacts
{e.g. Wills Creek). MwH criteria for the 1Bl and Iwb were established using
the 25th percentile values of the MWH reference sites data base for the HELP
ecoregion and the remaining four ecaregions combined. For the purposes of the
WQA the MWH designation is considered to be a "fishable/swimmahie® use. The

bicloagical criterda arz Visted in Table 7.1 following the same format as the
WQS.

Ecoregion Definitions

Although it has been demonstrated that attainable biolegical conditions differ
between ecoregions, the ecoregion boundaries do not represent abrupt changes
in biological potential. This section describes the method of determining
which etoregional criteria should be used to evalvate sites that lie close to
an ecoregional boundary and that are on cross-boundary streams or rivers. To
determine which ecoregion a site should be considered 2 part of, the folloewing
procedure should be used:

1) Compare the site to the Ecoregion map (Fig 2-1) to determine which
ecoregions it baorders.

2} Compare the terrestrial characteristics of the watershed with the

summary from the five ecoregions of Ohia (Table 2- 3, alsa see Whittjer
et al. 1987).

7-1
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Table 7-1. Format for biological criteria in tne Ohic Water Quality Standards
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regulations, OAC 3745-1.07, Table 12.

Hodified Warmater Habitet Warmwater  Excaptional .

Index/Ecoregion Channel Bod, Wine Affected Impounded  Habitat  Warmwater Habitat

» Eastern Corn

l.  index of Biotic integrity (Fish)

A. Wading Sites!

Huron/Lrie

t.eke Plain 22 : 32 50
interiar Plateau 28 : 34 50
Erie/Ontario

Lake Plain 8 , 38 50

A Hestern Allegheny
Piatesu , 8 26 42 50

Lastern Corn
Belt Plains 8 _ ' ‘ 40 50

B. Boat Sites!

Huron/frie

Lake Plain 22 . 24 34 50
interior Platoau 2% 30 38 v 0
Erie/Ontario

Lake Plain 2% 30 35 50

Yestern Allegheny »
Piateau . 26 4 30 .38 53

Belt Plains ' 2% 30 42 50

Semp) ing mathods doscriptives are found in the Ohio EPA Manuai of Surveillance Methods
and Quality Assurance Practiges (Ohio EPA 1887a),
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Table 7.1 continued.
Fodifiod Narmater Habitat Warmwater Excaptional

Index/Ecoregion Channel Rod. Mine Affected Impounded Habitat  Warmwater Hebitat

C. Headwaters Sites

Huron/Erie

Lake Plain 22 _ 32 50
interior Platasu 2% 40 50

Eria/Ontario

Leke Plain 26 40 ’}0
¥estern Allagheny

Platoau 26 26 40 50
Eastern Corn -

Belf Plains 26 20 50

I, Bodified Index of Well-Baing (Fish)?

A. Wading Sites!

Huroa/Erie -

Lake Plain 5.6 7.3 9.4
latorior Plateau 6.2 B.4 9.4
Erio/Ontario

Lake Plain 6.2 8.0 9.4

Wostern Allogheny _
Plateau 6.2 5.9 . 8.5 9.4

fastern Lorn

Belt Plains 6.2 B. 9.4

(%,

Sampling methods dascripiions are found In the Dhic EPA Manua!l of Surveillance Rethods
and Quality Assuranca Practices {Ohio EPA 19872).

Does not apply Yo sites with drainage arcas loss than 20 square miles.

Modification of tho |BI that applios Yo sites with drainage sreas lass than 20 squere
milns.
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Table 7-1 continued.

Modified Warmater Habitat Narmwater Exceptions|

Indox/Ecoregion  Channal Nod. Nine Affscted Impounded  Habitat  Warmwater Habitat

" B. Boat Sites!

Huron/Erie’
Lake Plain N 5.5 6.7 8.6 9.5
intarior Plateau 5.8 4.9 8.8 9.5 _
Eria/Ontario ) - : H
{akg Plain 5.8 6.9 8.3 9.5
Wastern A!logheny : ‘
Platesu 5.8 5.3 6.9 8.4 . 2.5
tastern Corn :
Balt Plains 5.B 8.9 8.7 %.5

I¥.  lnvertebrate Community Indux {Macrainvertebrates)
A. Artificial Substrate Samplers!,?

Huron/trie

Lake Plain 34 48
Interior Plateau 34 48
Eria/Ontario

Lake Piain 36 48

Wastarn Allegheny »
Plateau 38 48

Esstorn Corn )
Belt Piains _ 38 28

Sampling methods descriptions are found in the Ohio EPA Msaurl of Surveiilance Methods

and Quality Assurancs Practicns (Ohio EPA 1987a).

2 |ct criteria for macroinvertebrates do not apply o the Modified Warmwater Habitat use
dasignation. )
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3} Compare the physical habitat found at the site with the predominant
habitat characteristics of the bordering ecoregions. Stream habitat is
targely determined by the characteristics of the parent watershed
(Hynes 1975). Figure 20 in Whittier et al. (1987} describes a

pralimﬁnary analysis and profﬁles of cover and substrate from each Ohio
eceregion.

4) Lompare the biological communities found at the site with what was
found in the ecoregion (see Whittier et al. 19B7). This may be
difficult 1f the site is severely impacted; however, certain fish and
macroinvertebrate species appear to be predominant in certain.
ecoregions (Macroinvertebrates: see Fig. 10; Fish: see Figs. 2 and 3,
in Whittier et al. 1987). The c?assificatioﬂ of nearby, unimpacted
sites can also be examined-and~cdmbared to ecoregional expectations.

5) Based on the physical habitat and biological characteristics the site

in question should then be considered a part of the ecoregion to which
it compares best.

This approach recognizes that most ecoregional “boundaries™ are more
transitional than they are discrete. Some boundaries are defined by more
-abrupt changes in land-surface form. This situation may produce a physical
habitat that supports bislogical cammunities characteristic of the EWH use.

Site-specific Criteria Modification

in situations where the biological criteria are not met because of the natural
attributes of the surface water and/or watershed a site-specific modification
of the criteria may be performed. This pracedure recognizes that there may he
habitats that do not meet the ecoregional criteria due to unique, site and/or
watershed specific characteristics. A possible example of this are some of
the low gradient “swamp® or wetlands streams in the Erie/Ontario Lake Plains
ecoregion. Some of these sites were selected in the original SRP study
design, but were later rejected as reference sites because of their "atypical”
habitat characteristics. These habitats generally yield resulis that
translate into inherently lower scores for the biological indices. Other
similar situations may exist throughout the state. These should not be
confused with sites affected by macro-habitat modifications which are handled
with the Modified Warmwater Habitat (MwH) use designation. Any proposal te
modify a criterion must be approved by Ohio EPA and be included in the WOS
rulemaking process.
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Possible Future Changes to the Bicloqica] Criteria

The binlogical ¢riteria are based on the prevallisg background conditions at
“least impacted" reference sites across the state during the period

1679-1986. This follows the guidance of Hughes et al. {1986) and recognizes
that attainable biological conmunity structure and function is influenced by
such widespread activities as intensive land surface uses {e.g. row crop
agriculture, surface mining), natural stream channe)l alterations (e.qg.
channelization), human settlement, roads and highways, and general land
surface conversion {e.g. deforestation} to suit soaﬁoeconomﬁc desires. The
*least impacted” conditions are not intended to represent pristine, wilderness
or pre-Columbian conditions (Hughes et al. 1982; Whittier et al. 1987}.

instead we recognize that the aforement?oned factors together “have influenced
the ability of watersheds to sagport a certain level of biological
performance. Thus the current biological criteria are set to reflect what is
reasonably attainable given these backgruurd conditions. This does nol mean
that the criteria cannot change 4f 4t becomes apparent that these pervasive
influences have changed through 1mproved control programs or other means. To
determine 1f the reference site database has changed significantly, periodic
monitoring of selected sites and watersheds may be necessary. Much of this
can be accomplished via the voutine activities of Ohio EPA and other state
agencies {e.g. ODNR, ODOT). If it becomes apparent that the biological .
condition of most of these sites 4s "improved" then a recalculation of the 5
biological criteria would be 4n ‘order. The current criferia represent the 2
base or floor that can be expected for the ecoreglons of Ohic. Any
modification of the criteria would be subjected to the requirements of the WQS
rulemaking process.

R
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SECTION B: GUIDELINES FDR BIOLOGICAL
CRITERIA USE AND APPLICATION

This section describes general guidance on biclogical datadbase development,
general study design, and results interpretation for using the Ohio WQS
biological criteria. This is not an attempt o tonvey a “cook hook™ approach
ta determining how to use the biological criterta. 1t 3s designed to assist a
trained blologist in deciding which field methods to use, which arganism
groups to sample, which data analyses to use, how to 1nterpret the results,
evaluating use attainment/non-attainment, and the designation of appropriate
aquatic Yife uses.

Guidelines for Winimum Acceptébﬁe Data .

Guidelines for geperating an acceptable biological database are outlined in
Table B-1. The minimum acceptable 1nformat§on for evaluating compliance with
biological criteria 4n "simple” situations is either fish or macroinvertebrate
data generated using methods described in this manual and Ohic £PA (1987a).

As the complexity of the ‘environmental setting and accompanying influences
increase, the complexity of . the database also increases. HWe recommend that
both fish and macroinveriebrate community analyses based on guantitative field
methods (Dhic £PA 1987a) be used in theése more tomplex situations. Table 8-1
includes many of the situations that Ohio EPA has encountered during the past
eight years; however, 1t shauld not be considered all inclusive. A Jist of
Dhio EPA study areas with the current availability of reports that detail the
results of each is listed in Appendix F. The reports included in this listing
provide examples of study design, sampling site location, and biclogical data
evaluation. It is recommended that Ohjo £PA be consulied prior to conducting
field work so that these types of issues can bhe resolved prior to field
sampling. :

Study Desibn ang Data Interpretation

The usefulness of any biological evaluation designed to determine use
attainment/non-attainment is as dependent on proper study destgn as it is on
the quality of the field sampling and data analysis. One driving principle
behind the interpretation of biological resylts in flowing waters 3s an
examination of those results along a longitudinal *continuum®. Sampling sites
should be located upstream from the potential influences (or at a suitable
reference site in an adjacent water body}, adjacent to the zone of initial
mixing (point sources, sewer overflows, tributaries), in the recovery zone,
and at points dounstream sufficient to detect full recovery, if possible.

Upon completing index calculations the results are plotted in a classic *x vs.
y" manner where the x variable is distance downstream {1.e. river mile) and
the y variable is the bilological index value (e.g. 18I, L, or iCI). It
shotld be understood that the upstream site(s) do not necessarﬁ}y represent a
true control for evaluating what biological performance is attainable at
downstream sites. Ecoregional reference sites are to be used for this purpose
as well. A sufficient number of sites must also be sampled to ensure a
credible evaluation of any environmental impacts. Too often stream and river

81
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Table 8~1. Guldelines for determining the complexity of the bio?ag%ca]

database for evaluating compliance with-the b&o1ogica1 criteria
in the Dhio WQS.

‘Fish Community  Macroinvertebrates

Sttuation , 181 © Twb Quant.  Qual.
1."Simple® - single influence, X, or X
<20-50. sq. mi. drainage area. '
2.*Complex” - muttiple influences, X, and X, and. X
larger streams, rivers.
3. Toxic¥ty evaluations X, or X.'and ' X
4. Macro-habitat modification X, or % -8
5. Nonpoint subbasin assessment X, and X
6. General problem discovery (1.e 1X;_qr ~x, and X
previously unknown ar poorly .
understood problems are suspected)
7. intermittent influences {e.g. | X, or X, and X
€S0, stormwater, batch dis-
charges)
8. Large river assessments (i.e. use X, and X, and X

of boat methods for fish)

4  Quantitative macroinvertebrate evaluation using multiple-plate (artxfﬁcaa1
substrate) samplers does not apply to macro-habitat medifications; a
macroinvertebrate evaluation procedure is under development.
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studies contalin too few sites. The position of potential physical and
chemical influences is included on the “top" x axis and the corresponding
biological response is then interpreted. Significant departures below the
biological criteria for the surface water body in question are an indication
of use non-attainment. This method not only answers the question of whether
or not the use s or is not attained, but shows how significant any partial
attainment or non-attainment is. Th1s 1s known as assessing the magnitude
{V.e. distance downstream) and severity {i.e. vertical departure from the
criterion) of an observed impairment. This fype of information can then be
factored into regulatory decisions on how much additional pollutant removal is
needed to achieve aquatic 1ife use attainment in a direct sense.

It 4s also possible to eva]uate results on an individual site basis as a
reflection of attainment/non-attainment in a particular watershed or
subbasin. This 4s particelarly true 4n evaluating the effect of land use
practices and potential changes with the implementation of Best Hanagement
Practices (BMPs). Study design and data interpretation are somewhat different
from the Tongitudinal design in that one site is used to evaluate the
integrated characteristics of the watershed above the site. The effects of
different land use practices in iwo different basins could conceivably be
evaluated with as few as two sites. This of course is dependent on the size
of the watershed and the inherent comp}exities of the situation. This aiso

demands carefu% selection of sites that are representative of the watershed as
a whole,

Other information may be needed to supplement the use of biological data in
making regulatury decisions. Evaluation of the physical habitat using the
Qualitative Habitat Evaluation Index (QHEL) 1% performed routinely by Ohio EPA
field biologists. This information is critical ia determining whether or nat
the observed biological response ts partly. or wholly affected by habitat.
Chemical data from the stream and effluent will be needed in the evaluation of
point and nonpo?nt sources. Event related data may be needed in the
evaluation of intermittent sources such as combined sewer overflows, storm
water discharges, and nonpoint sources. In situations involving toxic
discharges whole effluent bloassay testﬁng may be necessary. These data
provide the "Iink" between the physical and chemical nature of the
perturbation and the magnitude and sever1ty of the corresponding use
jmpairment (biological degradation}.

The role of a trained biologist in the use of the biological criteria approach
§s eritical to its successful implementation, The underlying basis for the
criteria themselves are complex and the requirements for basic data collection
and analysis demand the use of a skilled professional. Karr et al. (1986)
provide further details about this issue,

Proper study design, sampling, and data analysis are also essential for
determining the appropriate aquatic 1ife use, Other programmatic uses of
biclogical criteria include the evaluation of anti-degradation applications,
assessing the significance of non-compliance, and the ranking and
prioritization of issues for grant awards or regulatory action. Thus quality
study design and data interpretation are crucial given the potentialiiy broad
applications of the biological criteria.

8-3
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Estabiishing Aquatic Life Use Designations

Determining which aguatic 1ife use designation applies to a given water bady
1s primarly based on the ability of the available habitat to support a given
use. Two important factors are involved and include an 2ssessment of the
physical habitat and a knowledge of what the habitat will biclogically
- support. First and foremost a showing that sufficient sites in a study aresz
are biologically achieving a particuYar use s direct evidence that the yse 13
appropriate. This 15 particularly 4mportant for designating waters as
Exceptional Warmwater Habitat {EWH). Physical habitat 1s evaluated using the
Qualitative Habitat Evaluation Index (QHEI). Although it is not an exact
predictor of the biological indices there are threshold values above or below
which we can be certain that & given use 4s appropriate. The proposed Ohio
WOS list six different aquatic 1ife uses: Exceptional Warmwater Habitat
(EWH), Warmwater Habitat (WWH), Modified Warmwater Habitat (MwH), Coldwater
Habitat (CWH), Seasonal Salmonid Habitat (SSH), and timited Resource Waters.
{LRW). A1) except the LRW use reflect “fishable/swimmable" uses. The WWH,
EWH, and MWH criteria for the IBI, Iwb, and IC1 {by method) are listed as
they appear in the proposed Ohio NQS {Table 7-13.

fxcepticnal Harmuater Habitat (EHH}

These are waters capable of supporting unusual er exceptional populatloas of
warmwater fish and assoclated vertebrate and invertebrate organisms and plants
on an annual basis. This tncludes waters of excepiional chemical quality that
support sensitive species of §ish, excepticnaliy diverse aguatic commynities,
and/or outstanding recreational or commercial fisheries. The biological
criteria for the EWH use reflect this being set at the 75th percentile of the
biological index results for the Teast inipacted reference sites. This use
designation is applied to waters that demonstrate the ability to sustain Ewn
levels by achieving the criteria at a suffﬁcieat number of sites for one or
more of the biological indices. 1t 15 not necessary for both fish and
macroinvertebrates to demonstrate attainment for & water body %to be designated
EWH. 1In our experience both organism groups usually demonstrate EWH in the
majority of EWH desiqnated waters.

Warmwater Habitai (WwWH)

These waters are capable of supporting balanced, reproducing populaticns of
wartwater fish and associated vertebrate and invertebrate organisms and plants
on an annual basis. WWH is the most widely applied of any of the aquatic life
use designations. This use 5 applied to those waters that elther demonstrate
biclogical attainment at a sufficient number of sites gr provide adequate
habitat for supporting the use. QHET values that exceed the ecoregion 25th
percentile vaiues {Table 6-2) recorded at the least impacted reference sites.
demonstrate the capability to support WWH. OBET values below the ecoregion
25th percentile of the least impacted reference sites, but above the 75th
percentile value of the Hodified Warmwater Habital (MWH) reference sites
{Table 6-5) indicate the potential for marginal habitat. Application of WwWH
to these sites will be determined on & case-by-case basis by the investigating
biologists. Factars such as the pervasivensss of the marginal conditicns and
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the biological performance of simﬁ]ar sites outstde of areas directly
influenced by chemical pollution sources will be considered. QHEL stores less
than the 75th percentile of the MWH reference sites are an indication that WWH
may not be attainable. This should be confirmed by a blological showing that
Wil is not attained outside of areas directly influenced by chemical pollution
sources. Options include retaining the WWH use, but modifying the biclogical .
criteria, or designation as a Modified Warmwater Habitat (MWH) water. The
former w%TI 1ikely include unique natural conditions (e.g. swamp stream
habitat) while the latter must include extensive modifications to the
macro-habttat of anthropogenic orugwn

Rodjfﬁed»warmwater Habitat (MwH)

This use 5 applied to sireams and rivers that Have been subjected to
extensive macro-habitat modification. This 1ncludes, but 35 not 1imited to,
thanne] maintenance activities approved under Section 404 of the WOA, 1nstream
impoundment {excluding publically owned reservoirs), and Sedimentation
Tesulting from non-acidic runoff from surface mining activities. A decision
making flow chart directed primarily at this use is presented in Figure 8-2,
The MWH use 1s based solely on the fish community; the 1€ criteria do not
apply to this use. As stated previously, a showing that tbe WWH criteria faor
“the-1B1 and Isd are attained means that WWH could apply, even though the
macro-habitats have been modified. Therefore, non-attainment of the WWH fish
community criteria must be demonstrated befare the MWH use can be considered
and designated. A QHET less than the 75th percentile of the MuH reference
sites is insufficient alone.

Coldwater Habitat (CWH)

These are waters capable of supporting populations of coldwater fish and
associsted vertebrate and invertebrate organisms and plants on an annual
basis. Successful reproduction of salmonids is not essential. The existence
of 3 put and-take salmonid fishery may also be used to designate {WH, hut this
activity must be sanctioned by the Ohlo Division of WildTife. Table 8-2
provides a list of fish and macroinvertebrates that are characteristic of

CWH. Designating a stream CWH based on non- salmonid species and taxa requires
a shawing of predominance, not mere presence in the community. Presently
there are no 1BI, modified iw, or ICT criteria for the CWH use.

Seasonal Salmonid Habitat (SSH)

These waters are capable of supperting the passage of salmenids from October
through May. There are nc biological criteria for this use since the WWH or
EWH use jointly apply with SSH.

Limited Resource Waters

These are waters that have extremely imited physita1 habitat due to natural
1imitations or extreme alterations of anthropogenic origin. An example of the

- former are small, ephemera) streams of with drainage areas less than 3 sq.
mi. An exampie of the latter are streams affected by chronic acid runoff from

B-5
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Table B-2. A 1ist of fish specles and macroinvertebrate taxa thai have been

¢collected by Ohio EPA and are considered to be indﬁcative of cool
and coldwater habitats in Ohio.

o ———
—

. Fish Macroinvertebrates
Brown trout (Salmo trutta)? Crustacea ;
Rainbow trout (Salmo gairdnert)’ Gammarus minus ;

Brook trout {Salvelinus fontinalis) Ephemeroptera . ;
8rook stickleback (Culaea inconstans) Ameletus sp.
Redside dace (Clinostomus elongatus) Odonata
Mottled scuipin (Cottus bairdi) - Lanthus parvuius
Plecoptera
Leuctra sp.
Hegdloptera
Nigronia fasciatus
Trichoptera

Diplectrona sp.
Hydropsyche { eratogsxchg) sTossonae

Rhyacophila sp.
Glossosomd $p.

frepesia sp.

Diptera :
Krenopelopia sp. §
Macropelopia sp. |

Trissopelopia sp.
Diamesa sp.

Eukiefferiella devonica group
Heterotrissocladius marcidus group
Thienemanniells Type 2

ot o

1 species 1s introduced and usually the result of a put-and-take fishery.
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syrface mines with sustained pH values less than 4.1 S.U. or severe streambed
sedimentation. As the result of severe habitat Vimitations LAW waters are not
able to atiain even the MWH biological criteria {Fig. 8-2) outside of areas of
chemical poliution. QHEI alone may be sufficient to determine the
appropriateness of the LRW designation 1f the score is less than the 25th
percentile of the MwH headwaters reference sites.

Evaluating Use Attainment/Non-attainment

Determining whether or not a stream or river segment is attaining its
designated aguatic 1ife use usually invoives plotting the biological-index
values in the afarementioned x vs. y manner. Figure 8-1 provides an example
of this type of analysis. Aquatic 1ife use attainment is principally judged
on the ability of a water body to achieve the biolegical criteria.
Traditjonally this has been done using ‘best professional judgement in
evalyating the attainment of chemical ¢titeria surrogates. In the absence of
sound biological data these criteria may suffice, but at a lower level of
evaluation.

The significance of any observation of non-attainment is based on the
magnitude of the veriical departure of the index value from the ecoregion
criterfon and the distance downstream over which it is sustained. The area of
departure can be gquantified as a value termed the Area of Degradation Value
{(ADV). OGuidance for calculating the ADV is currently under development. The
»examp?e in Ffigure 8-1 shows both attainment and significant non-attainment of
~the WWH use. Ranges of exceptional, good, fair, poor, and very poor
biological community condition have been. defined for each of the three
biological indices (Figures B-3 thru B-4; Tables 8-2 and B-4). These are
Tablied on Figure B-1 to assist with interpreting the magnitude and severity of
the non-attainment and portray 1t in term$ understandable o non-biologists.
The shaded boundaries reflect the area of insignificant departure for each
index and assist in interpreting the significance of deviations below the
applicable blological criterion. This is based on the variability inherent to
each index as discussed in Appendix D. Values that lie above the shading
4ndicate full attainment and those betow indicate increasingly significant
non-attainment. Values within the shaded boundary indicate insignificant
departure, but this should be evaluated against what adjacent sites achieve.
Sites of marked habitat contrast (e.g. free-flowing vs. impounded) should not
‘be connected. The "odd® sites should be disconnected from the more
predominant types. QHEI results can also be used to assist with deciding
whether or not cnntiguous sites should be connected.

Generally, attainment of WwWH and HWH 15 achieved when all of the biclogical
criteria (18!, i1Cl, and Iw) are met. Thus 1f one organism group ar index
meets the wWWH criteria, but the other group or index does not the use 3s only
partially attained. This has been chserved beiween organism groups (see Ohlo
EPA 1987b), but can also take place between the IBI and 1w based on fish.
Non-attainment is reflected by a fatlure of all indices to meet the applicable
criterion. For tWH designation only one of the three biological indices need
demonstrate attainment of EWH criterta outside of any areas of chemical
degradation. For EWH yse attaioment the same procedure for WWil and MWH
applies.
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Figure 8-1: Example of how biological index resulis are plotted in an *x
vs. y* manner to enable the interpretation of the significance
of an environemtal impact. Chemical pellution sources are
indicated at the top of the figure. The stream is designated
W and ts located in the EOLP ecoregion; wading sites criteria
apply to the 1BI and modified Iwb.
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Fﬂgure 8-3. Conceptual response of fish community structural and
functional atiributes as portrayed by selected Index of Biotic
Integrity metrics and the total 1BI score. Rarrative
descriptions of fish community condition are correlated with
varying levels and types of environmental perturbation. The
W, MWH, and EWH biological criteria and exceptional, good,
fair, poor, and very poor ranges are indicated for the 181.
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figure 8-4. Conceptual response of macroinvertebrate community structural
and functional attributes as portrayed by selected
Invertebrate Community Index metrics and -the. total ICI score.
Narrative descriptions of macroinveriebrate community
condition are correlated with varying levels and types of
environmental perturbation.  The WWH and EWH biclogical
criteria and exceptional, good, fair, poor, and very poor
ranges are indicated for the ICI.
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Table 8-2. Conceptual response of fish community structural and functional
attributes as portrayed by medified Index of Well-Being (lIwb).
Narrative descriptions of fish community conditicn for good, fair,
poor, and very puor ranges are indicated.
<
a
t ~ owow WEETS WA GOALS =~ « = e e - - - DOES NOT MEET OWA GOALS ~ - — — - =«
a
" .
o "Exceptional™ "Good” *Faic” *Poor® "Very Poor®
r
¥
1.8 Exceptional, or Usual association Some expected Many. expacted Hos uxpacted
uousual assemblage of expocted speciss specms absent, specivs absent, spescies absent
of species . or in low or in low .
sbundante sbundance
2. S'engi‘fi’_\ia species  Semsitive species Sansi'five spacios  Sensitive Only most
- sbundant pruosont sbsent, or in very species absent, tolarant
tow sbundance ‘ speciss remain
3. Excnphonatiy }ligh species Declining spacids  Low 4pecies Very low
high species richnass richnoss richnoss tpecies rich-
richnoss ness
ab Composite ndex Composita index Composite indes Composite index Composite index
Graafer than 9.5 Groater than Greater than Groater than Less than
7.4 - B.6b, 5.3 - 6.3b, 4.5 . 5,08, 4.5 or 5.0
Less than 9.4 Less than Less than
7.4-8.6b 5.3-6,30
5. Outstanding ?oiaranf spec;es Tolerant Carmquen i Ty
recraationat increasing, species organization
fishery baginniag to prademinate jacking
predominate

6.  Species with an
endsngéred, threatened, or
special concarn status
aro presont

o

o

3 conditions: Catogories 1,

ba met in order to be des|gna+od in that particular class.
‘B ancrwpasses rangs of ecoregional valuss; area of insignificant depariure is - 0.5 from

peoregional eriterion.

8.12

it
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Table 8-3. Ranges and areas of insignificant departure (in parentheses) for
I8, modified Iwb, and 1CI values represeniing exceptional, good,
fair, poor, and very poor community condition,

Index/Site - Very
Categary Exceptional Good Fair} Poor Poor

Index of Biotic Inteqrity

Wading Sites 50-60 36-48 28-34 18-26 <i6

(45-49) (31-47) {23.27) {13-17)
Boat Sites 50-60 36-48 26-34 16-24 <6
, : (45-49) {31-39) 21-25) {11-15)
Headwaters Sites 50-60 40-48 26-38 16-24 %
{45-49) 1(35-39) {21-25) (11-15)

Modified Index of Well-Being {Iwb)

Nading Sites >9.4 8.0-9.3
(8.8-9.3) {7.4.8.4

Boat Sites 29.5 8.3-9.4  6.4-8B.7  5.0-5.4  <5.0
(8.9-9.4)  (7.7-B.B) (5.9-6.3) (4.4-4.9)
“Invertebrate Community Index {IC1)
Artificial 48-60 34-46 14-32 2-12 0
Substrates {43-47) (29-39) (9-13)

1 area of insignificant departure is the range encompassing all ecoregions,
excluding the HELP ecoregion for the IBI and modified Lws.

8-13
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Appendix A-1. List of Ohio Reference Sites (Weding Sites; > 20 sq.mi.).

DUrainage Mean
River Sampler Eoo- Aren No. ModiTied
mile - Year Lype region {sg.mi.} Spzcies Ivb IBT SRP
1.3 84 D WAP 138.0 32.5 §.4 47 Y
- 2.4 83 b WAP 29.0 30.0 8.7 42 Y
2.0 84 D WAP 85,0 22.8 8.2 38 Y
LITTLE WALNUT CREEK ‘ ,
0.5 82 8 ECEP 44,0 22.0 9.4 47
MILL CREEK
28.1 B4 . b ECBP 4.0 21.3 8.9 48
10.4 85 D ECBP 23.0 19.6 8.2 42
LITTLE SCIUN0 RIVER .
11.2 83 D ECBP 47.0 23.0 7.5 35 Y
RUSH CREEX '
5.2 843 D BC8P 85.0 25.3 8.0 41 . Y
BiG DARBY CREEK : .
76.6 88 n ECRP 32.C 27.90 9.6 31
£83.7 86 D ECBE 119.¢ 2647 g9.4 45
55.1 36 D ECBP 35.0 29.7 §.2 52
LITTLE DARBY CREEK
158.2 . 83 D goRp 162.0 27.0 9.5 31 Y
DEER CREEN
51.4 85 ' ECBP 82.0 25.0 8.8 45
OLENTANGY RIVER
14.7 8% D ECBP 483.0 22.0 5.0 38
PAINT CREEX
79.9 84 D ECBP 39.0 22.0 8.1 48 Y
N, FH., PAINT CREEK :
17.6 83 D ECBP 156.0 38.0 10.4 51 Y
1.4 83 D ECRP 59.0 33.7 10.1 52 Y
ROCKY FK PAINT CREEK ‘
18.1 83 D Ir 34.0 30.0 9.8 38
RATTLESKAKE CREEK B
15.0 84 D ECBY 123.0 16.7 9.2 33 ¥
SALT CREER _ .
25.9 83 D WAP 175.0 29.3 3.3 51 Y
S FK SCIOTO BRUSH CR
0.8 84 i3 WAP 112.0 27.0 9.2 53 Y
SUNFISH CREEK
8.0 83 D WAP 132.0 31.0 3.9 51 Y
{GRAND} RIVER
83.5 83 D . EOLP B5.0 24.0 8.3 40 Y
17.2 83 D BOLP 47.0 24.0 B.1 41 Y



Apperrdix A-%.

ist of Chio Reference Sites (Wading Sites; > 20 stp.mi).

Drainsge
River Boo~- Aree
mile Year region {sg.mi,) B3
MILL CREEX
10.0 84 D EOLP 78.0 39
KONZEN DITCH
0.7 84 HELP 24.0 23
BLUE CREREK
3.5 B84 - D HELP 107.0 28
L. AUGLAIZE RIVER
© 41.1 83 D HELP 34.0 30
BLANCHARD RIVER ‘
78.0 83 D ECBP 112.0 249
71.8 82 0 ECBP 1435.0 39
OTTAWA RIVER ’ '
6.1 BS 0 ECRp 103.0 39
SUGAR (REEK '
3.5 85 HERR 58.0 35
MUD CREERN
1.6 84 HELP 55.0 27
12.5 83 D ECBP 149.0 12
MUDDY CREER . ’
21.1 g1 D HELD 88.0 27
CAPTINA CRESH ,
20.5. 83 ) WAP 91.0 a7
14.5 83 D WAR 134.0 55
6.7 g3 D wWAP 154.0 50
BEND FORK .
0.8 83 D WAR 27.0 14
S. FK. CAPTINA CREEX
0.2 83 D WAP: 36.0 §7
N. FK. CAPTINA CREEX ‘
0.5 83 D WAP 33.0 47
MCINTYRE CRFEX _
0.1 8% s WAR 27.0 40
L. MUSKINGUM RIVER
17.2 83 D WAR 234.0Q 33
WITTEN FORK
1.1 84 D WAP 43.0 49
SUNFISH CREEK »
23.9 83 D WAP 22.0 20.0 $.7 48
17.3 83 D WAP 49.0 2.0 9.7 46
5.0 83 D WA 101.0 28.0 0.0 51
N. Fh. YELLOW :
6.2 83 D WAFP 41.0 20.5 8.0 44
0.8 83 D wap 58.0 25.0 8.3 4B




Appendix A-1. List of Chio Reference Sites (Weding Sites; > 20 sg.mi.).

Drainage Mesn
River Sampler Eco= Area No. Modi fied
mile Year type region “{sg.mi.) Species Iwh 18] SRP
FLKHORN CREEK
0.5 83 D WAP 33.0 24.7 B.1 34
ASHTABULA RIVER
27.2 23 D EOLP 65.0 21.0 8.1 43 Y
W. BR. ASHTABULA R. ’
1.9 83 D EOLP 27.0 20.0 8.1 47 Y
BULL CRETK
1.8 83 E EOLP T 40,0 12.0 8.0 38
M. FH. L. BEAVER CRK
8.0 83 D EOLP 114.0 22.3 9.2 43
1.9 85 D WAP 141.0 26.5 8.7 48
W. FW, L. BEAVER CRK
12.9 85 D KAP 74.0 31.0 5.9 57
.8 a5 D Wap 111.0 25.7 10.2 53
PINE CRERX
- 20.5 a3 D WAP 102.0 31.0 8.% 41 ¥
EAGLE CREERX : ,
11.8 83 D P 115.0 23.0 B.2 335 Y
OHIO BRUSH CREER ' )
15.2 84 n e 371.0 24.3 8.5 46 Y
WHITEOAR CREEK :
12.¢ 83 D P 213.0 26.5 8.8 35 Y
LITTLE MiaMI RIVER
85,4 83 D ECBP 104.0 26.7 8.7 51
D'BANNON UREEX o
0.3 83 D iy 58.0 25.0 8.3 36
E. FX. LITTLE pMIaMi .
78.3 82 5 ECBP 23,0 18.7 g.4 44
41.2 82 s Iip 218.0 27.0 g.6 52
35.6 82 S IP 236.0 33.0 9.7 56
STONELICK CREEK
1.2 B4 D Si 76.0 22.5 B.4 41 Y
WFK, EFKLMIAMIR _ -
0.2 82 8 P 28.0 21.0 g.4 46
DOBSON CREEX
0.2 82 S Iir 32.0 27.0 10.4 48
TODD FORK
20.3 84 D ECBP 54.0 25.3 8.1 48
ANDERSON FORM
5.0 84 D BCBP 77.0 29.7 10.0 51 Y
W. BR. HURCN RIVER
3.7 B4 D ECBP 236.0 22.0 8.8 37
£. BR. ROCKY RIVER
21.9 81 c EOLP 31,0 22.5 8.1 45
C INDIAN (REEK
9.4 85 D ECBP 43.0 25.5 i0.3 46




Appendix A-1.

List of Chic Reference Sites {Wading Sites: » 20 sq.mi. ).

Drainage Moan
River Bampler Eoe- Area No. Modified
mile Year type region {sq.mi,) Species Isb IBT
INDIAN CREEK |
4.1 83 D ECBP 7.0 26.3 8.9 43
HONEY CREEK '
10.0 82 S ECBP. 34.0 19.0 9.0 43
3.2 82 S ECBP 86.0 19.0 9.5 48
LOST CREEK
9.7 82 S ECBP 31,90 21.0 10.2 48
8.2 8z S ECBP 44.0 15.0 9.2 40
2.5 82 s ECBP 58.0 20.0 9.6 il
SPRING CREEK -
1.1 82 g ECBP 26,0 18.0 9.2 50
1.0 83 S ECBP 26.0 15.3 8.7 44
BEAVER CREFK
0.7 84 D ECBP 39.0 14.3 8.4 33
STILLWATER RIVER
51.2 83 D ECBP 106.0 30.7 8.8 45
42.2 83 b FCRP 28,0 23.9 8.8 43
35.5 86 D ECBP 68.0 24,7 9.3 49
19.2 88 D ECBP 225.0 25.7 8.1 48
1.3 86 E ECBR 33.0 21.0 B.6 44
$. FK. GREAT MIaMI
1.5 84 D ECBP 51.0 27.3 8.7 43
CHAGRIN RIVER '
33.4 86 D FOLP 54.0 21.3 8.3 16
$. FH. WOLF CREEK _
4.8 84 D WAP 72.0 21.5 8.3 16
W. BR. WOLF CREEK A
3.5 83 D WAP 140.0 30.0 9.6 52
OLIVE GREEN CREEK )
2.7 84 D WAP '80.0 32.5 9.9 49
APPLE CREEK _
6.4 83 S EOLP 24.0 12.7 7.8 32
ROCKY FK. LICKING R. ,
18.0 86 D ECLP. 20,1 24.7 8.7 38
2.1 83 D WAP 76.0 32.0 5.4 51
2.0 88 D WAP 76.0 29.0 9.8 33
LOST RUN
0.3 86 E EQLP 23.0 22.0 9.0 47
S. FK. LICKING RIVER ,
27.6 84 D BOLP 32.0 23.0 9.8 37
N. FK. LICKING RIVER ~
24.0 84 D EOLP 64.0 22.7 8.7 a7
LAKE FK. LICKING R. .
0.1 84 D BOLP 34,0 21.0 8.3 45

S AN AL
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Appendix A-1. 'List of Onio Reference Sites (Wading Sites; > 20 sq.mi.).

. Dreinage Mean
River Sampler Eeo- Arez - Neo. Modified
mile Year type region {sq.mi.) Species Iwb IR SRP

JONATHAN CREER

12.3 B4 D WAP 105.0 19.3 8.4 = 35 Y
3.8 83 D WAP 337.0 32.0 9 52
WHITE EYES CREEK : ,
" 0.3 83 D WAP © 83,0 24.5 8.5 29
MUDDY FK, MOHICAN R. '
18.5 83 D EOLP 20.1 21.7 8.3 39 ¥
12.8 83 D BOLP 42.0 27.0 8.1 40 Y
JEROME FORK :
13.0 84 D EoLp 38.0 24.5 8.6 15
WAKATOMIKA CREEN i
. 2.0 84 D WAP 231.0 31.3 9.8 50 Y
MAHONING RIVER
91.3 84 D BEGLP 43.0 22.0 9.4 43 Y
. B.B 83 D EOLP 40.0 18.7 8.3 43 Y
. B.B B4 D BOLP 40,0 17.5 7.9 38 ¥
VERMILION RIVER
10.7 a3 o ECBF 249.0 27.7 9.5 435 Y




Appandiv A-Z.

List of Ohio Reference Sites {Roat Bites!.

Drainage Mean f
Riwver Sampler  Eco- Area No. Modified
mile Year type region {sq.mi.} Species Iwb 1RI SRP
S$CIOTO RIVER
201.2 84 A ECBP 226.0 23.7 8.9 37 '~
105.2 86 A ECBP 2610.0 ©21.5 8.4 43 3
100.2 83 A ECEP 2197.0 21.3 8.0 41
56.0 85 A WAP 5131.0 25.7 - B.B 42
9.0 85 A WAP 6471.0 22.3 9.8 33
WALNUT CREEK :
18.9 82 A ECBP 183.0 20.3 8.7 47
9.1 82 ECRP 212.0 24.7 9.3
5.4 - 82 A ECBF 272.0 22.3 8.9 51
3.8 82 A ECBP 273.0 25.7 9.1 53
12 82 A ECBP 285.0 20.7 8.9 42
BIG WALNUT CREEK _ . '
5.8 86 A ECBP 272.0 23.0 9.6 4]
BI1G DARBY CREEK .
42.0 81 A ECBP 240.0 18.0 8.0 19
31.8 79 A ECBP 446.0 23.0 10,1 46
30.1 79 A ECBP 448.0 21.0 9.2 56
29.3 81 A ECBP 449.0 20.0 8.8 a5
28,7 79 A ¥CBP 157.0 20.0 9.8 56
25,0 79 A ECEP 466.0 23.0 9.4 54
24.0 B1 A ‘ECBP 498.0 19.0 8.8 52
7.4 81 A ECBP 546,0 20.0 9.2 18
3.7 81 A ECBP 353.0 27.5 9.4 15
PAINT CREER }
5.0 85 A ECRY 1137.0 25.3 5.6 LR
SALT CREEW ' .
9.9 83 A WAP 281.0 34.3 10.4 52
GRAND RIVER ‘ o
13.4 87 A BoLP 630.0 22.0 5,2 43
‘8.0 87 A FOLF 685.0 23.0 8.1 A
MAUMEE RIVER .
54,7 84 A HELP 5558.0 19.7 8.4 33
AUGLAIZE RIVER
67.0 85 A HELP 202.0 28,0 10.7 30
39.7 85 A HELP 327.0 29.0 9.8 41
3.2 84 A HELP 2428.0 22.7 8.6 32
OTTAWA RIVER ‘
1.2 85 A HEL® 364.0 25.3 8.5 K}
LITTLE BEAVER CREFX
4.5 85 A WAP 196.0 19.5 4.3 13
LITTLE SCIOTO RIVER
12.6 83 A WAD 200.0 27.0 9.7 51 ¥ 4_
W Fx OHIC BRUSH CRY
1.3 84 A 1P 116.0 27.3 8.9 39 y
LITTLE MIAMI RIVER
83.1 83 A ECBP 122.0 23.7 9.4 19




Appendin A-2. List of Chio Reference Sites {Boat Sites).

Drainage Megrn

River Sampler Eco- Aren . No. Modified
mile Year Lype region. {sq.mi.} Species Ixb 81 SRP

LITTLE MIAMI RIVER
44.2 83

A 1P 680.0 22.0 9.2 339
36.0 83 A P 959.0 22.9 8.5 45
24.2 83 A Ip 1145.0 21.0 9.2 39

£. FK. LITTLE MIAMI
44.1 82 A IP 195.0 25,0 9.1 47
42.3 84 A ip 212.0 28.3 9.4 45 ¥
15.5 82 A Ip 359.0 19.0 9.1 49

HURON RIVER ‘ o :
12.3 - 84 A HELP 3710 22.7 9.7 44

GREAT MIAMI RIVER ‘

130.0 82 A ECBP 540.0 25.3 9.0 49

116.9 82 A ECBP 845.0 21.3 8.8 45
98.5 82 A ECBP 1030.0 21.5 9.2 52
95.6 82 A ECRP 1137.0 21.7 9.1 49
91.0 80 A ECBF 1150.0 20.7 8.3 a7
88.1 80 A ECRF 1161:0 18.7 8.6 33

MAD RIVER ‘

2.0 ‘B4 F.\ ECRP 850.0 26,5 9.3 49 .
1.2 84 A FCBP 653.0 17.0 8.7 33,

STILLWATER RIVER : A : ,
41.4 84 CA ECBP 189.0° 28,7 9.4 43 ¥
32.9 B2 A ECBP 233.0 21.8 8.4 45
28.1 B2 A - ECBP 5030 21.0 ‘8.1 48
26.7 82 A ECHP 505.0 23.0 9,2 50
24.4 82 A ECBP 516.0 26.0 9.5 52
21.2 82 A ECBP 528.0 24.3 8.6 54
18.0 82 A ECBP 5989.0 21,7 8.8 49
16.0 82 A ECBP 607.0 22.7 9.1 49"

GREENVILLE CREER ‘ o R

0.1 " R2 A ECLP 201.0 17.0 8.8 47

FOURMILE CREEK .

0.3 80 A ECBE 315.0 18,7 8.8 48

TWIN CREER

0,2 86 A BCBP 318.0 21.% 9.1 49

PORTAGE RIVER
17.6 85 A HELP 435.0 24.83 9.4 43

CONOTTON CREEY- ,

29.0 84 A WAP 80.0 23.0 8.6 37 Y

KILLBUWCK CREEK :

50.4 85 A BOLP 137.0 18.7 8.6 34
33.8 83 A EOLP 36%7.0 17.3 8.5 39

LICKING RIVER
28.1 88 A EOLP 533.0 26.0 10.0 39

8. ¥K. LICKING RIVER ,

13.1 84 - A EOLP 117.0 13.7 9.0 39
A-7



Appandix A-2. List of Chio Reference Sites (Boat Sites).

‘ Drainage Mesn
River Sampler Eco- Area No. - Modified
mile Year type region {sq.mi.} Species Iub IiBI SRP

N. FK. LICKING RIVER
2.4 Bz A EOLP 228.0 247
STILLWATER CREELR
1.2 83 A WAP 483.0 17.5
TUSCARAWAS RIVER :
17.7 83
6.9 83
. WALHONDING RIVER
8.0 83
3.8 - 83
1.2 83
KOKOSING RIVER

fted
-
ot

39

o
AV

37

WAP 2473.0 18.5
WAP 2577.0 20.0

39
34

B -
R -

¢ e

WAP 1576.0 18.0
wap 2182.0¢ . 21.¢

15
a4
41

I 2>
- ors

25.5 ‘0 A EOLP 251.0 22.0

20.9 BT A BOLP 2780 22,0
CUYAHORA. RIVER )

64.5 84 A BOLP 187.0 18,7

@ W o B
~F s
o
n

w
B
[aS]




Appendix A-3. List of Chio Refsrence Sites (Headwater Sites; ¢ 20 sq.mi.).

Drainage Mean
River Sampler  Eco- Area No. Modified
mile Year type region {sq.mi.) Species Iwh IR SkP
5C0TTS CREEK
2.9 78 8 wap 1.0 7.0 7.4 48
8.1 78 8 WAP 3.0 11.0 7.3 48
MCDGUGALL, BRANCH :
2.4 83 D WAP 15.0 - 29.3 8.7 47
TURKEEY RUX
L. 82 s ECLP 8.0 9.0 4.9 33
SYCAMORE CREEX : , _
4.7 84 D BUBP 18.0 18:0 6.0 46
TAVLOR CREEX -
4.4 84 D ECBP 12.0 218 8.9 39
* SILVER CREEK } ' _
2.4 8 D ECBE 2.0 21.0 7.4 39
W. FORK W. MANSFIELD o
0.8 81 H ECaP 5.0 14.0 4.3 3
BIG DARBY CREER o
79.2 79 G ECEP 5.0 16.0 7.8 4
SPAIN CHEFX
0.4 81 G ECBP 6.0 18.0 7.8 56
TRIB TO GECRGES CRK ,
6,0 84 D ECRP 1.0 5.5 4.4 42
ROCKY FE PAINT CREEK _
23.3 85 - E IP 18.0 24.0 5.4 57
8.3 8 D ECBP 13.0 22.0 9.0 57
MOBERLY HR CLEAR CRK y
0.8 85 B IP 2.0 15.0 6.8 49
BAUGHMAN CREER ‘ : o
3.0 84 b EQLP 20.90 19.7 7.2 38
TRIB TO M1LLS CREEK -
0.5 85 F HELP 5.0 8.0 4.9 28
MUDDY CREEX
37.3 82 G HELP 4.0 12.0 4.5 28
LEITH RUN
2.8 83 8 WAP 7.0 17.0 7.5 50
WILLS CREER ‘
3.0 83 G WAP 3.0 3.0 3.1 - 36
CAT RUN ' _ , _ _
3.3 83 D Wap 7.0 5.5 3.9 33
BEND FORK ‘ : ,
12.3 83 D WAP 1.0 7.0 3.9 36
CERAR LICK CREEK
0.1 83 G WAP 6.0 11.5 4.3 52
WILLIAMS CREEK v ,
1.4 83 D WAP 11.0 16.5 8.7 51
PINEY FORK
0.3 83 D WAP 13.0 16.5 5.7 55




Appendix A-3,

List of Chio Reference Sites (Hesdwater Sites; ¢ 20 sq.mi.}.

River

Eoe-

Drainage Mean

A-10

. o Sampler . Aren No. Modified
ile Year tiTe region {sgq.mi.} Species Ixb i8I SR
RAKER FORK
c.4 83 D WAP 12.0 18.0 8.6 56
5.6 83 '8 WAP 3.0 9.0 5.4 49
STRAWCAME RUN
0.4 83 8 WAP 5.0 15.0 7.5 52
0.1 83 s WAP 12,0 19,0 9.0 80
TRATIL RUN : :
0.3 83 s WAP 3.0 14.0 7.7 56
TRIB TO N.F. YELLOK ‘
0.1 83 c WAP 1.0 7.0 3.5 40
OOWLES CREEK
7.2 81 G BOLP 6.0 12.0 4.3 42
E FK STATELINE CREEK _
0.1 85 E EOLP 2.0 6.3 5.1 45
STOKE MILL RUN _
2.0 8 = E BOLF 8.0 . 14.0 7.2 18
‘E BR M FK L BEAVER - - o
3.0 85 D EOLP 14,0 20.13 8.0 43
LICK CREEK -
3. 80 G ip 7.0 12.0 5.1 48
TREROR RUN :
0.1 80 G ip 7.0 16.0 5.7 58
CAVE RUN ,
0.2 80 G Ip 4.0 15.0 8.1 58
LOUISE TRIBUTARY - N
2.8 80 G ip 2.0 15.0 4.5 10
0.2 80 G P 7.0 15.0° 5.2 42
8.3 83 D P 18.0 19.0 8.3 36
DRY RUN .
i.8 83 F 1P 5.0 10.0 8.9 40
NEWMAN RUN
0.3 83 F ECBP 9.0 18.0 8.2 47
SILL RUN
0.3 £3 . D ECBP 8.0 17.5 8.2 49
5.8 83 G ECBP 3.0 5.5 4.0 35
FIVEMILE CREFK ,
0.4 82 .8 P 10.0 16.3 6.2 3%
OLDTOWN CREEK _
0.1 83 S ECBP 10.0 16.5 7.5 49
E. BR. ROCKY RIVER
26.7 81 G EOLP 12.0 18.0 7.5 45
HEALY CREEK _
0.8 81 G EOLP 4.0 12.0 5.7 37



sppendix A-3.  List of Ohic Reference Sites {Headwater Sites: ¢ 20 sqg.mi.).

Drainsge Mean

Biver Sampler Eco- Ares No. Podified
mile Year type TeELON {sq.mi.) Species Twh IRy sEp

WwW. BR. ROCKY RIVER

33.6 81 G EOLP 8.0 20.5 8.1 40
BEAR CREEK

12.1 81 e] ECBP 5.0 18.0 T 4.8 43
MCKEES CREEK , _

.5 82 s ECBP 17.0 14.5 8.8 35
CHEROKEE MANS RUN -

3.5 82 s ECBP 16.0 13.¢ 6.9 40
CHAFPMAN CREEK :

2.0 84 D ECEP 18.0 14,¢ £.8 43
BRUSH CREFE .

0.1 82 G ECBD 16.0 15.0 5.1 48
LITTLE TWIN CREEK o

5.5 26 E ECEP 5.0 19.7 8.4 37
BANTAS FORK , ‘

9.4 86 E ECBP 9.0 16,7 8.0 48
POLGHTY CREER :

i5.4 83 G EOLP 12.0 18.5 5.0 19

11.7 83 B EOLP 17.0 25.0 8.4 48
i.. RILLBUCE CREFK

C.3 83 G EOLP 20,0 10.G 4.9 36
ROCHY FR. LICKING R. ) - ;

16.0 86 D BOLP 18,0 24,7 . 8.7 E}
LONG RN . E

0.4 86 D oLp 6.0 15.7 8.3 53
E BR NIMISHILLEN CRK o

2.8 85 E ¥OLP 12.0 18.7 8.6 39
TRIB TO L. CHIFPEWA ,

0.1 86 o) FOLP 1.0 6,0 4.6 34
£. BR. JELLOWAY CRK. J }

2.3 85 E EOLP : 3.0 17.0 8.2 52
LANG CREFK ’ , .

3.2 84 D FOLP 14.0 17.3 8.2 47
AX FACTORY RUK

0.1 82 G FOLP 3.0 7.0 3.9 38
EAGLY CREEY

22.5 81 G FOLP 9.0 15.0 6.9 43
SILVER CREEK ‘

2.3 g1 G FOLP 7.0 14.0 6.5 43

0.8 81 G EOLY 11.0 16.0 7.8 48
LITTLE DEER {REEH

0.5 B84 D

FOLP 7.0 16.0 8.9 37
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Appendix A-4. List of Ohio Reference Sites

{Macroinvertebrate Data).

A-12

Drainage
River Eco- area
miie Year region {sq.mi.) Icx SRF
HOCKING RIVER . ‘
- 82.0 82 EOLP 18 48
0.9 84 WAP 150 44 Y
MCDOUGALL BRANCH _ N
1.1 ) 83 WAP 15 32 Y
CLEAR CREEX '
16.1 82 ECBP 2D 40
2.1 83 wWaAP a7 B2 Y
2.1 84 WAP 87 46 Y
2.0 82 wap 89 46
MUDDY PRAIRIE RUN .
0.4 82 EOLP 8 B0
SCIOTO RIVER
218.7 84 -ECBP 128 44
203.3 84 ECBp 1223 40
101.4 81 - ECBP 2641 50
101.4 - 81 ECBP 2641 46
78.7 81 ECBP dRig 50
8.7 - 81 ECBP 3818 48
70.4 81 ECBP 38439 44
56.2 85 WAP 5131 48
25.9 83 WAP 6082 45
WALNUT CREEX
47.0 82 EOLP 27 36
5.3 82 BCBP o272 40
4.1 B2 ECBP 273 46
1.2 82 ECRP 285 44
BICG WALNUT CREEK
60.0 82 ECBP - 37 34
54.8 82 ECBP 67 38
- 15.8 86 ECHP 272 48
12.8 B85 ECBP 539 50
ALARY CREEX
17.8 86 ECBP . 146 38
RUSH CREEX
5.9 84 ECBP 85 i2 Y
BIG DARBY CREEX
$2.8 86 ECBP 121 54
54.2 85 - BCBP 136 50
43.9 886 ECBP 220 38
LITTLE DARBY CREEX
15.3 83 ECBP 162 36 Y
OLENTANGY RIVER
20.3 83 ECBE 453 48
20.3 85 “ECBP 453 48
20,3 - 86 ECBP 453 52




Appendix A-4. List of Ohio Reference Sites {Macroinvertebrate Data).

Drainage
River Eco- area
mile Year region {sq.mi.) 1C1 SRP
OLENTANGY RIVER .
18.8 v 83 ECBP 455 50
18.8 86 ECRP 455 52
18.8 85 ECBP 455 46
WHETSTONE CREER . ;
16.1 81 ECRP 43 - 25
9.9 84 ECBP 61 42
FAINT CREEK .
75.3 B4 EUBP 55 48 Y
5.1 85 WAP 1140 56
N. FE, PAINT CREEK .
17.5 - 83 ECRp 14¢ 46 Y
1.4 ' 83 ECEP &6 30 ¥
ROCKY FK PAINT CREEK
23.3 . 85 P 14 45
1.1 85 - 34 28
CLEAR CREER. .
8.2 85 . ECBP . 14 30
5.8 85 ECBP 18 28
RATTLESNAKE CREEK '
3.3 B3 ECEP 137 48 ¥
v BR RATTLESKAKE CRK _
4.3 84 . ECBP 20 22 Y
SalT CREFE
25.7 83 WAP 170 : 48 Y
5.9 84 KAP 280 i by
M. FK. SALT CREEX
4,7 ' B WAP 58 38
S FX SCIOTO BRUSH CR - :
3.6 84 WAPR 114 34 ¥
SUNFISH CREEX
8.1 83. WAP 104 40 Y
GRAND RIVER _ _
83.5 B4 BOLP 95 25 Y
BAUGHMAN CREEK
4.1 84 BEOLP 20 43 Y
18.2 84 BOLP 88 30 Y
12.1 83 BEOLP 54 20 Y
MAUMEE RIVER
100.86 84 HELP 2128 32
91.3 84 HELP 2169 42
69.3 84 HELP 2311 44
58.1 84 HELP 5544 44
BLUE CREEL .
3.4 84 HELP . 114 36 Y
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Appendix A-4.. List of Ohioc Reference Sites (Macroinvertebrate Data).

Drainage
River ‘ Eco- area
mile Year region {sq.mi.) FE0S1 SRP
BAD CREER
19.9 84 HELP ag 34 Y
KONZEN DITCH ,
0.7 84 HELP 76 42 ¥
GORDDN CREER :
6.7 84 HELP 74 26 Y
AUGLAIZE RIVER
96.8 8% ECEP 85 3z Y
7.0 85 HELP 202 40
36.3 85 HELP 327 36
28.8 - 85 HELP 717 50
PCOWELL CREEK™ :
4.3 » 84 HELP 112 18 Y
TCAWN CREFK :
3.6 ' 83 HELD 49 34
BLANCHARD RIVER
97.35 83 ECBP 43 K ¥4
93.8 .. 83 ECBP 69 2z Y
76.4 83 ECBF 113 20
71.9 83 ECBFP 158 38
EAGLE CREEE *
13.9 ) 83 HELP 31 38
SUGAR CREEX v
0.6 B4 HELP B9 34 Y
EAGLE CREEX
0.5 84 ECBP 38 46 Y
TWELVEMILE CREEK
1.7 83 ' HELP _ 35 24 Y
TIFFIN RIVER
37.6 . 84 ECBP ‘ 388 2
0.9 84 HELP 176 22
MUD CREEK
1.5 84 HELP 66 a8 Y
LICK CREEX _
11.0 84 HELP 36 34
BRUSH CREER '
5.8 83 HELP B8 34 Y -
BEAVER CREER
2.9 83 ECBP 44 48 Y
SANDUSKY RIVER
47.8 81 ECBP TT4 44
31.9 81 HELP 1047 48
Z23.9 g1 HELP 1068 50
21.3 81 HELP 1071 44
34.1 82 . ECBP 28 42 Y
12.4 84 ECBP 144 46 Y
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Appendix A-4. List of Ohio Reference Sites (Macroinvertebrate Data),

Drainage
River Eco- ares
mile Year region {sq.mi.} iC1 SRP
MUDDY CREEX
23.3 84 HELP 86 38 v
GRIES DITCH '
1.0 84 HELP 15 42 Y
CAPTINA CRERK
17.6 83 WAP 183 48 Y
BEND FORK
0.7 83 WAP 29 43 Y
L. MUSKINGUM RIVER
16.9 83 WAP 276 48 ¥
ARCHERS FORK -
0.7 .83 WAP 20 24 Y
WITTEN FORK
1.2 84 WAP 33 26 ¥
SUNFISH CREEK
9.3 . 83 WAD 87 46 Y
ASHTABULA RIVER
5.9 © 83 EOLP 72 38 ¥
1.8 84 EOLP 23 42 Y
LITTLE BEAVER CREEK
15.0 B85 WAP 261 56
8.0 85 WAP 284 54
1.5 85 WAP 496 40
N. FRK. L. BEAVER CRK
7.6 83 WAP 106 40
0.1 835 wAP 487 45
M., BFK. L. BEAVER CRK
9.0 85 BOLP 118 38
1.9 B85 KAP 141 46
W. FK, L. BEAVER CRK
2.9 85 WAP T4 50
0.8 85 WA 111 48
LITTLE SCIOTO RIVER
12.7 83 - WAP 200 40 Y
PINE CREEK ) :
20.4 . 83 WAP 167 34 Y
SHADE RIVER
17.6 84 WAP 120 42 Y
EAGLE CREEXK
i1.4 83 IP 128 34 Y
OHIO BRUSH CREFK
i7.4 . 84 IP 173 42 ¥
W FK CHIO BRUSH CRX
1.2 84 Ip 140 42 Y
WHITEOAK CREER
12.8 83 Ip 233 36 Y
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Appendix A-1. List of Ohio Reference Sites {Macroinvertebrate Data).

_ Drainaga
Biver Eco- ares
mile Year ragion {sq.mi.} ICct SRy
N. FHK. WHITEDAK CRK B
7.0 83 P .51 22 Y
LITTLE MIAM] RIVER
86.4 83 ECBP 102 38
83.1 83 FCBP 121 42
35.9 83 Ip 959 42
23,8 83 - Ip 1145 ' 54
TURTLE CREER
6.2 83 IR i8 30
E. FK. LITTLE MiaMl- A
54.4 83 ir 179 42 Y
41.1 22 TP 193 4
41.0 8% IR 209 44
41.0 84 P 221 50 Y
34.9 82 1P 238 38
15.3 82 Ip 358 48
9.1 82 . Ir 380 52
5.6 82 1P 458 58
1.0 84 IP 80 38 Y
TOLL FORK :
18.5 84 ECBP 55 44
17.2 84 ECBP 80 44
HURON -RIVER
13.3 B4 - HELP 352 48
12.3 84 HELP 365 30
SLATE RUN
3.1 B84 ECBP 40 10 Y
ROCKY RIVER o ‘
2.9 81 EOLP 291 33
E. BR. ROCKY RIVER .
26.6 81 EOLP 12 50
15.2 81 FOLP : 57 54
8.4 81 BOLP 64 52
W. BR. ROCKY RIVER '
33.5 81 EOLP 8 34
N. BR. ROCKY RIVER
5.5 81 EOLP 35 50
GREAT MIAMI RIVER
158.3 82 ECBP 119 46
130.1 82 ECBP 540 50
118.5 82 ECBP 840 48
100.8 82 ECBP 972 48
95.7 82 ECBF 1137 50
92.6 82 ECBP 1148 30
INDIAN CREER
10.3 85 BCBP G2 48
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Appendix A-4. List of Chioc Reference Sites {Macroinvertebrate Datal.

Drainoge
River Eco~ ares
mile Year region: {sq.mi.} IC: SRy
INDIAN CRERK

4.4 83 BCRP 113 28 .

4.3 83 . ECBP 7. 44 Y '
MaD RIVER '

1.8 84 ECBP 6§54 48 Y

G.2 84 ECBP 636 48 ¥

© STILLWATER RIVER ’
§2.0 84 ECBP 42 34 Y
50.2 83 ECBP 107 30 Y
44.2 84 ECBP 197 24 Y
33.5 82 ECRp 232 48
7.8 82 ECRP 501 54
25.1 82 ECEP 514 48
18.3 82 ECBY 5849 42
14.9 82 ECBP 609 48
PAINTER CHEER -

0.9 84 ECBP 47 44 Y
CRIEENVILLE CREEX ' »
34.5 8z EEBRP & 50

28.9 82 ECBP 68 40
26.8 84 ECBP 6 52 oY
22.3 82 ECBP ‘ 108 38

1.4 &2 ECBP 200 . 44
N. FK. STILLWATER R. B ‘

0.4 82 LCBP 18 a2
TWIN CREEK , ‘

41.3 83 ECBP 29 30 Y
38.0 82 ECBP 42 40 ¥
35.8 86 ECBP -G8 4¢
19.1 826 ECBF 225 50

1.0 - BE ECBP ‘ 315 50
S. FX. GREAT HIaMi .

3.5 84 £CBF 44 48 ¥
CRACRIN RIVER .

33.4 88 EOLP 54 46
30.7 88 EOLF ' 36 46

13.0 g6 EOLP 166 46
AURCRA BRANCH

3.8 86 EOLY 37 46
PORTAGE RIVER

27.3 85 HELP 428 40

18.1 85 HELP 435 8

17.1 85 HELP 494 42

17.0 85 HELFP 494 46
5. FK. wOL¥ CREEK

6.1 84 WAR B8O 38 Y
W. BR. WOLF CREEK

13.8 83 WAP 126 38 Y
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Appendix A-4. List of Ohio Reference Sites (Mecroinvertebrate Data).

A-18

Drainage
River Eco- Ares
mile ‘ Year region (sq.mi.) ic1 SR
%. BR. WOLF CREFK
3.5 84 WAP 152 46 Y
OLIVE GREEN CREEK '
2.2 B4 WAP 75 38 Y
CONOTTON CREEK
20.5 83 wAP 154 40 Y
IR1SH CREEK ' ‘
2.5 84 WAP 16 36 Y
KILLBUCK CREEK
55.4 - Bl EOLP 87 52
51.6 83 EOLP 117 30
51.6 81 BOLP 117 - 48
35.6 83 FOLP 387 50
24.8 83 WADP 453 46
13.3 - .83 WAP 582 42
ROCKY FK, LICKING R. : o
3.0 83 WAP 68 46 Y
S. FH. LICKING RIVER '
31.6 84 ECBP 12 44
28.5 B4 . FCRP k3! 30
27.6 ‘84 ECRP 32 40
21.3 84 EOLP 58 14 Y
13.0 84 EOLP 117 28
N. FE. LICKING RIVER .
14.9 84 EOLP 70 42 Y
LAKE FK. LICKING R. :
¢.2 - 84 EOLP 34 40 Y
JONATHAN CREEX
12.2 , B4 WAP 105 44 Y
SUGAR CREEK ,
25.0 83 OLP 88 36 Y
3.6 82 WAP 340 48
LITTLE SUGAR CREEK
4.2 84 BOLP 9 30 Y
SANDY CREEK
10.3 86 WAD 289 30
10.3 : 85 WAP 289 40
M BR NIMISHILIEN CRX
6.8 85 FOLP 34 42
E BR NIMISHILLEN CRX
8.8 85 EOLP 12 12
STILL FK. SANDY CRE. .
8.7 84 WAP 74 28 Y
TUSCARAWAS RIVER ,
126.9 83 EOLP 5 40
119.3 83 FOLP 35 44
30.9 83 WAP 2416 36
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Appendix A-4, List of Ohio Reference Sites (Macroinvertebrate Data).

. Drainage
River Eco- ares
mile Year region {sg.mi.) ICY SRP
TUSCARAWAS RIVER ,
18.4 83 WAP 2470 42
10.7 83 WAP 2566 46
RIVER STYX
5.1 83 BOLP g 34
MUDDY FK. MOHICAN R,
19.4 84 POLP 20 18 Y
13.5 83 BOLP 42 28 Y
13.0 84 ECLP 35 50
WAKATOMIKA CREEX
2.0 84 WAP 252 48 ¥
MAHONING RIVER '
$0.9 84 BLP 44 38 Y
PYMATUNING CREEH _
22.7 83 EOLP 38 42 Y
CUYAHOGA RIVER j
64.3 84 ECLP - 187 , 51
28.3 84 BOLP 4 40
BREAKNECK CREEX :
7.0 83 EOLP 15 36 Y
6.9 84 EOLP 30 32
1.5 84 LR 40 36 Y
VERMILION RIVER ‘
10.7 84 ECBP 272 46 Y
WABASH RIVER '
476.0 85 ECBP 102 26
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Appendis A-5.,

List of Modified Ohio Reference Sites (Wading Sites; >20 sq.mi.)

A-20

Drainsge Mean
River Sampler Eco- Area No. Modified.
mile Year type region {sq.mi.) Species Irh Bl SEP
HOCKING RIVER
96 .2 82 "8 ECBP 24.0 8.0 6.1 29
SUGAR CR¥EER
26.8 86 D ¥CBP 30.0 11.0 5.9 36
KONZEN DITCH
0.7 83 s HELP 25.0 11.0 6.5 24 ¥
0.7 84 S HELP 24.0 11.0 6.5 24 Y
6.8 84 D HELP "37.0 17.5 7.8 23 Y
7.4 8- D HELP 40.0 11.5 5,2 19 Y
BLUE CREEK ' _
3.5 83 B HELP 114.0 24.0 8.6 26 b
HOAGLIN CREEK ~ , A
5.8 B3 G HELP 41.0 13.0 5.3 23
TOWN CREER B
19.8 83 '8 HELP 22.0 8.5 5.0 21
BLANCHARD RIVER
97.5 83 0 ECBV 43.0 21.5 8.0 29
96.4 83 . D ECBP 48.0 23.0 7.8 28
MUD CREER : ‘
1.6 B4 . b HELP 86.0 17.5 7.1 27 Y
LICK -CREEK o )
11.0 84 D HELP 36.0 14.0 5.9 26
MUDDY CREEX ,
2i.1 84 D HELP 85.0 13.7 6.6 29 Y
8.6 79 G ECBP 229.0 23.0 T.7 38
£.1 79 G ECBP 232.0 19.0 ‘5.7 32
MCINTYRE CREER . _
0.1 83 s WAP 27.0 14,6 8.0 40
MOMANON CREER
5.6 83 D WAP R(. O 21.7 6.9 30
2.3 83 D WAP 85.0 ©20.0 6.4 32
YELLOW CREEK
27.5 83 D WAP 29.0 17.3 B.7 28
N. Fi. LITTLE MIAMI
0.4 83 D BCEP 37.0 18,5 7.1 30
STONY CREEK _ , _
4.3 82 8 TCRP 25.0 15.5 7.7 45
STILLWATER RIVER
63.0 82 s ECBP 26.0 15.7 6.2 29
SWaMP CREEK
1.5 82 G ECBY 25.0 15.0 3.7 25
MUCHINIPPI CREEK
2.3 82 S ECBR 85.0 13,5 7.1 42



Appendix A-5. List of Modified Ohio Reference Sites (Wading Sites; »20 sg.mi.}

: Dr&in&ge Maan
River Sampler  Eco- Ares No, - ddified
nmile. Year type region {sq.mi.} Bpecies Iwh 181

SRP

L. CHIPPEWA CREERX

0.1 83 D EOLP - 29.0 9.0 5.2 30
BUFFALO CREFK o
0.8 B4 D WAP 49.0 15.0 5.1 25
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Appendix A-B. List of Modified Chio Reference Sites {Boat Sites).

Drainage . Maan
River Sampler Eco- Area NG, Modified
mile Year type region {sq.mi.) Species Iwb 18] SRp

SCIONO RIVER

150.0 75 A ECBP 877.0 12.7 7.5 29
142.8 74 A ECBP 1021.0 13.3 8.2 34
142.8 80 A ECBP 1021.0 10.0 6.5 25
140.0 79 A ECEP 1042.0 10.3 7.2 33
133.0 86 A ECBP 1068.0 16.0 8.3 37
EVERSOLE RUN
0.3 79 A ECBP 1040,0 12.9 8.1 35
MILL CREEK ,
0.2 79 A ECBP 179.0 15.3 7.9 a3
MALMFE RIVER : ‘
39.6 84 A HEL®P 5581.0 17.3 7.9 31
45.7 8. A HELP 5655.0 18.0 8.7 K¢
38.5 = 88 A - HELP 5687.0 1.3 6.5 3
33.0 86 A HELP - B052.0 11.7 6.5 23
AUGLAIZE RIVER o
£5.0 86 A “HELF 207.0 16.7 8.2 26
15.2 84 A HELP 1832.0 17.3 7.1 23
BLANCHARD RIVER o
- 13.5 83 A HELP 704.0 13.0 5.4 22
TIFFIN RIVER
33.8 84 A ECEP 410.0 12,7 6.4 28
25.0 84 A HELP 422.0 11.7 5.9 27
23.2 84 A HELP 471.0 13.7 8.4 25
14.1 84 A HELP 558.0 10.3 3.6 28
8.5 84 A “HELP 737.0 14.3 B.4 32
1.0 84 A HELP T77.0 15.0 7.2 25
MIAMI-ERIE CANAL _
53.4 B4 A HELP 200.0 16.0 5.6 20
SANDUSEY RIVER o
43.0 81 A ECBP 957.0 9.3 8.4 a3
30.2 81 A HELP 1049.0 11.3 7.1 33
26.6 81 A HELP 1065.0 10.0 5.7 28
19.0 g1 A HELP 1253.0 9.3 5,2 24
HONEY CREEK .
0.4 81 A ECBP 176.0 10.3 5.4 27
LITTLE RACOOON CREEK ’
30.9 84 A WAP 37.0 5.3 4.0 28
28.1 84 A WAP - 48.0 12.0 6.8 27
GREAT MIAMI RIVER _
115.3 82 A ECBP  849.0 13.3 7.4 38
107.6 82 A ECBP 504.0 13.7 7.5 35
83.3 80 A ECBP 1174.0 13.7 7.6 30
77.1 80 A CBP 2591.0 13.3 8.5 27
(REENVTLLE CREEX
22.6 82 A BCBP 106.0 14.3 7.1 38
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Appendix A-6. List of Modified Chio Reference Sites ({Boat Sites).

Drainasge Mean

River Sampler Eoo- Ares NG. Modi Fied
mile Year Lype region {sq.mi.} Species Twb 3 SR

22.¢ 84 A WAP 80.0 21.0 8.0 a7
FEEDER CANAL ,

0.8 84 A EOLP 200.0 1 12.0 6.7 29
N. Fi. LICKING RIVER . '

3.4 82 A EOLP 227.0 16,3 8.6 39
TUSCARAWAS RIVER , _ ,

39.3 83 A WAP 2374.0 19.7 7.6 33
CHIPPEWA CREEK ,

17.2 83 A EOLP 33.0 12.0 6.1 29

6.5 83 A EOLP 146.0 11.0 6.1 4

0.5 83 A EOLP 188.0 11.7 6.0 29
WILLS CREEK

46.6 84 Y WAD 554.0 11.3 6.2 26

37.7 84 A WAP 871.0 13.0 6.5 28

27.0 84 A WAP 738.0 11.5 5.8 26
LEATHERWOOD CREEX

0.8 B4 A WAP 91.0 10.3 5.4 22
MAHONTNG RIVER , ,

46.3 80 A EOLP 424.0 17.7 7.8 . as
MOSQUITO CREEK : _ '

11.3 an A FOLP 11,0 13.0 £.3 26
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Appendin A-7. List of Modified Chic Reference Sites (Headwater Sites;4{ 20 sq.mi.)
Drainnge Mean
River Sampler Eco- Aree . No. Modified
mile Year type region {sq.mi.) Species =~ Inb BT SRP
M. FK. GORDON CREIX
3.8 84 D ECBP 6.0 1G6.5 8.3 29
S. POWELL CREEK .
14.1 84 D HELP 4.0 8.0 2.6 23 '
CARTER CREEH v :
2.1 84 D HELP 10.0 12.0 7.2 25 Y
BRUSH CREEX ’
19.1 84 D HELP 17.0 10.0 5.8 23
PARAMOUR (REEX ‘ :
6.3 85 D ECBP 4.5 11.0 7.2 34 :
PPG TRIB TO PARAMOUR : _ ,
3.7 83 E HELP 1.0 8.0 6.9 32 -
17.8 81 G WAP 7.5 11.0 3.6 30 E
16.2 81 G wAP 8.5 13.0 4.0 3z e
LITTLE MIAMI RIVER
101.3 83 F ECBP 2.0 14.5 6.9 31
16.2 B2 G ECBP- - 3.5 13.5 3.6 27 ;
INDIAN CREEW o :
0.5 82 G ECBP 20.0 16.5 4.8 24 !
N. FK. STILLWATER R. .
- 0.4 82 8 ECBP 18.0 13.3 8.2 26 .
BLACK FORK C(REEK : :
2.7 87 D WAP 7.8 12.5 5.3 29 .E
OGG RUN _ '
1.5 87 E WAP 4.0 11.5 5.5 36
SWARTZ DITCH
0.2 83 E EOLP 16.0 19.7 6.0 31
RIVER STYX
3.9 83 D BOLP 14.0 18.7 8.3 27
L. CHIPPEWA CREEX
11.4 86 E EOLP 0.8 10.0 5.9 30
11.4 81 G EOLP 0.8 8.0 3.4 33
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Appendix 4-8. List of Relatively Unimpacted Ohio Sites Uszd to Judge
: the Performance of the ICI {Macroinveriebrate Data).

River Eoo- ares
- mile Year region {sq.mi.}. ICT SRrP
HOCKING RIVER
92.0 82 . BOLP 18 48
CLEAR CREER ,
16.1 82 ECBP 20 10
14.2 82 ECBP 22 36
13.1 82 ECBP 27 40
9.5 82 BOLP 52 34
2.0 - 82 WAR -89 46
MUDDY PRAIRIE RUN .
0.4 ‘ 82 BQLP 8 50
SCIONO RIVER ,
221.5 84 ECBP 7T 18
220.1 84 ECBP 98 24
216.7 84 ECBP 128 44
212.5 84 ECBP 180 24
211.4 84 ECBP 1.1 22
210.1 84 ECBP 187 30
207.7% 84 ECBP 178 28
203.3 84 ECBP 223 40
136.7 81 ECBP 1052 48
133.0 a1 ECBP , 1068 34
129.3 81 BOLP . 1620 26
116.3 81 ECER 2267 30
116.3 81 EOLP 2267 30
101.4 81 ECBP 2641 50
i01.4 81 ECBP 2641 46
98. 4 81 ECBP 3219 48
98 .4 81 ECBP 3219 38
85.4 81 ECBP 3349 44
85.4 81 BCBP 3348 48
8.7 81 ECBP 3818 50
8.7 81 ECBP. 3818 46
70.4 81 ECBP 3849 44
WALNUT CREEX ‘
47.0 82 EFOLP 27 36
42.5 82 EOLP 41 44
36.9 82 BOLP 63 32
32.3 82 ECBP 82 42
28.9 82 ECBP 138 42
23.5 82 ECBP 152 48
16.9 82 iR 188 44
13.7 82 BOBP 198 40
5.3 82 ECBP 272 40
4.1 82 ECBP 273 46
1.2 82 ECRP 288 a4
BIG WALNUT CREEK
66.6 82 ECBP 17 28
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Appendix A-8. List of Relatively Unimpacted Chis Sites Used to Judge
the Performance of the ICI (Mecroinvertebrate Deta).

Drainage

River ' Eco~ ares
mile Year region {aq.mi.) ICI SRP

BIG WALNUT CREEK o
55.1 82 ECBP 27 28
50.0 82 ECRP 37 34
54.6 82 : ECBP T 38
50.4 82 ECBP 101 . 28
21.8 ' B4 ECBP 35 20
20.9 84 ECBP 46 20
18.1 84 : ECBP 43 26
12.8 84 ECBP 51 46

8.8 84 ECBP 6 42

SHAW CREEK »

0.4 84 ECBP 30 30

MALMEE RIVER ' _

100.8 824 HELP 2128 32
81.5 84 HELP 2189 42
68.3 ' 84 HELP 231t 44
58.1 83 7 HELF © 3544 44

3.5 83 HELP 49 34

BLANCHARD RIVER

- 97.5 83 ECBP 43 3z
95.6 83 ECBP 50 38
88.3 83 ECBP 83 28
79.2 83 ECBP 106 26
76.4 83 ECBP 113 20
71.9 83 ECRP 158 38
B1.4 83 BOBP 237 40
35.7 83 HELP 488 38

BEAGLE CREEX
13.9 83 HELP 31 38

TIFFIN RIVER ,

37.6 84 ECBP 386 28
31.0 4 HELP 414 32
26.2 84 HELP 422 38
23.0 84 HELP 470 48
18.7 84 HELP 563 24

7.1 84 HELP 736 50
0.9 B84 HELP 176 22

LICE CREEX _ .
1:1.0 84 HELP B 34

8.0 84 HELP 61 22
1.3 84 HELP 105 28

SANIUSKY RIVER
47.8 81 ECEP 774 44
41.8 81 ECEP 962 45
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Appendix a-8. List of Relatively Unimpacted Ohio Sites Used to Judge
the Performance of the IC1 {Macroinvertebrate Datal.

Drainage
River Eco- area
mile Year region {ag.mi.) ICI SHP
SANDUSKY RIVER .
38.9 81 ECBP 1008 40
38.1 ' 81 ECBP 1029 , 38
36.5 ‘81 ECBR 1031 36
31.9 81 HELP 1047 48
23.9 81 HELP 1068 50
21.3 , ‘B1 HELP 1071 48
RACCOON CREER : )
11.7 83 HELP 12 20
LITTLE MIAMI RIVER
10,4 . 83 ECBF 9 38
86.4 83 ECBP 102 38
83.1 83 ECEP 121 42
80.0 83 ECBE 130 38
76.2 ‘ ‘83 OBV , 229 42
72.3 83 ECEP 295 32
86.5 83 ECBP 308 38
63.2 83 ECBP 360 38
53.9 83 ECHP 402 42
52.8 83 BP . 407 36
35.9 83 Ir a59 42
33.0 - 83 P 1035:- 42
30.7 83 1P 1057 46
29.2 83 1P 1064 52
28.0 83 ip 1089 48
23.9 83 1P 1145 54
20.9 83 1P 1161 16
18.5 83 iz 1187 46
13.1 83 P 1203 50
8.8 83 Ip 1713 52
TURTLE CREEK ‘
5.2 83 w 18 30
0.7 83 P 58 36
E. FK. LITTLE MiaMi
70.1 82 ECBP 88 32
56.2 : g2  IP 151 36
54.4 82 ip 158 36
44.1 82 P 185 34
41.0 82 Ip 209 44
34.8 82 P 238 36
19.6 82 P 343 38
15.4 82 P 358 48
13.2 82 Ip 374 50
11.5 82 ip 376 54
9.1 82 Ip 380 52
6.6 82 1P 458 56
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Apperxlix A~8.

List of Relatively Unimpacted Chio Sites Used to Judge
the Performance of the ICI (Macroinvertebrate Datal.

Drainage
River Eoo~ ‘area
mile Year region {ag.mi.} IC1 Srp
E. FK. LITTLE MIaMi
4.1 82 Ip 483 50
1.2 82 ipP 4498 44
0.8 82 Ip 498 46
TODD FORK
18.5 84 ECBP 55 44
17.2 84 ECBF 80 44
LYTLE CREEK
8.6 84 ECERP 4 38
B.1 84 ECBP 4 48
0.8 84 ECBP - 20 40
HURON RIVER
13.1 84 HELP 352 48
12.3 ‘ 84 HELP 385 30
ROCKY RIVER - A
T 81 BOLP 287 28
4.7 81 BOLP 290 44
2.9 B1 BEOLP 291 38
E. BR. ROCKY RIVER
26.8 81 BEOLP 12 50
17.5 81 ROLFP 50 43
15.2 B1 EOLP 57 54
11.6 81 EOLP 61 46
10.7 81 EOLP 62 38
8.4 81 EOLP 64 52
B.4 81 FOLP 86 36
5.1 81 BOLP 87 48
4.9 _ 81 BEOLP 77 42
W, BR. ROCKY RIVER
33.5 a1 ECLF 8 34
27.3 81 EOLP 69 40
17.2 81 BOLY 133 46
N, BR. ROCKY RIVER
5.5 ' 81 EOLP 35 50
0.5 81 EOLP 37 490
GREAT MIAMI RIVER '
158.3 82 ECRP 118 46
148.6 82 ECBP 280 40
142.2 82 ECBP 415 48
130.1 82 ECBP 540 50
127.6 82 ECBP 547 44
126.0 82 ECBP 550 42
123.9 82 ECBP 562 .
118.5 B2 ECBP 840 48
114.3 82 BBP B73 34
113.5 82 ECBF 877 46
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Appendix A-8. List of Relatively Unimpacted Chio Sitee Used to Judge
the Performance of the IC1 (Mecroinveriebrate Data).

Drainege
River Eco- ares
mile Year region {sqg.mi.) o G SRR
GREAT MIAMI RIVER .
110,13 82 BCRP 894 45
10€.1 82 ECBP 928 46
104.7 ‘ 82 ECBP 839 46
100.8 82 ECBP 972 48
93.7 82 ECBP 1137 1Y
92.86 . 82 ECBP 1145 53¢
MaD RIVER e ' :
53.2 84 - ECBP 35 L
52.1 84 ECBP 36 52
51.2 84 ECBP 56 52
50.7 84 "ECBP 58 50
38.4 84 ECBP ‘ 188 44
35.9 B4 ECBP 242 28
32.7 84 ECBE 264 38
28.5 83 _ECBP 310 44
28.1 84 ECBP 310 T 44
25.5 84 BCBP 464 44
24.1 84 ECBP 480 20
21.1 84 ECBP - 495 48
17.5 84 ECBP 528 46
11.5 84 ECBF 554 4
8.7 84 ECGBP 617 30
6.3 24 CECBP 627 46
3.9 84 ECBF 842 38
1.6 84 CBr 654 48
0.2 84 ECBP 656 16
STILLWATER RIVER
63.0 82 ECBP 26 34
59.8 82 ECBY 39 48
57.0 82 ECBP 72 44
55.4% 82 ECBP 77 38
52.4 82 ECBP 89 40
37.8 82 ECBP 207 40
33.5 82 ECBP 232 48
31.1 82 ECBP 441 50
27.8 82 ECBP 501 84
25.1 82 ECBP 814 48
18.3 82 ECBP 598 42
14.9 82 BCBP 605 48
11.4 82 ECBP 638 46
9.0 82 ECBP 650 44
7.9 82 BCEP 651 50
4.7 82 RCBP 664 50
0.8 8Z ECBP 675 50
GREENVILLE CREEX
34.5 82 ECBP 6 50
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Appendiv A-B.  List of Relatively Unimpacted Ohio Sites Used to Juige
o the Performance of the ICI {Mmeoroinvertebrate Datai.

Drainage
River Eoo- area
mile Year region {saq.mi.) Ic1 SRP
CREFNVILLE CREEK
28.9 82 ECBP 68 40
22.3 az ECEP - 106 38
19.5 82 ECBP 140 32
16.2 82 ECBP 153 32
13,7 82 ECBP 174 40
‘10.5 82 ECBP 188 48
3.6 82 - BCBP : 196 54
1.4 82 ECBP - 200 44
SWAMP CREEK ,
4.4 82 ECBP 25 36
N. FK. STILLWATER R. ‘
0.4 82 ECEP 18 © 42
KILLBUCK CREEK ‘ '
55.4 81 FOLP 87 52
51.6 81 mLr 137 48
51.6 83 EOLF 117 30
45.9 81 EQLP 210 KY:
35.6 a3 EOLP 367 50 -
28.9 83 WAP 397 36
24.8 83 WAP 463 46
23.7 83 . WAP - . 484 32
20.7 - 83 WAP 497 32
13.2 83 WAR 582 42
APPLE CREEX
0.1 81 EOLP 53 24
5. ¥FR. LICKING RIVER
31.8 84 ECBP 12 44
28.% B4 CBP 31 30
27,6 B4 ECRP 32 40
13.0 84 BOLP 117 28
12.9 B4 EOLP 117 26
SUGAR CREEX
3.8 83 WAP 340 46
1.8 83 WaP 350 54
0.6 - 83 WAP 356 42
TUSCARAWAS RIVER
126.9 83 ECLP 5 40
119.3 83 BOLP 35 44
73.7 83 WAP 586 28
88.7 83 WAP 1105 42
6i.4 83 WAP 1408 34
58.3 83 WAPR 1413 34
58.1 B3 . WAP 1413 38
57.8 83 WAP 1770 34
56.8 83 WAP 1772 44

R RS (S




appendix A~8. List of Relatively inimpacted Ohio Sites Used to Judzs
the Performance of the ICI (Macroinvertebrate Data).

Drainage
River Eog-~ ares
wmile Year region (sq.mi.) 101 SHP
TUSCARAWAS RIVER
54.2 83 WAP 1814 43
52.2 83 WAP 1818 - 50
47.2 83 VAP 1B70 40
30.9 83 WAP 2418 36
21.1 83 WAP 2443 40
18.4 83 WAR 2470 42
1G.7 83 WAP 2566 46
RIVER STYX
3.1 83 - BEOLP 9 34
L. CHIPPEWA CREEX
2.1 81 OLP 285 S
0.1 Bl BOLP 30 32
JEROME FORK
13.0 84 BOLP 33 50
0.9 s FoLp 18] 28
WILLS CREER .
75.8 84 WAD 281 34
71.0 84 WAP. 287 36
§2.7 84 WAP 408 22
80.1 84 WAP 470 28
58.6 84 AP 472 - 20
56.5 84 wAP 480 22
53.5 84 WAP 488 36
46.6 84 WAR 554 20
MIL), CREEK
11.3 82 POLP 28 24
CATYAHOUA RIVER
64.3 84 BOLP 187 54
55.8 84 BOLP 2491 34
54.3 84 EOLP 253 46
52.8 84 EOLP 309 22
48.4 84 EOLP 27 - 32
46.4 - 84 FOLP 332 38
. 42,8 84 BOLP 340 38
TINKERS CREEK
28.3 84 EOLP .4 40
27.1 84 EOLP 11 38
25.4 84 EOLP 18 38
24.5 84 BOLP 20 24
23.1 84 BOLE 24 25
22.1 84 ¥OLP 41 24
16.7 84 EOLP 56 30
14.3 84 EOLP 62 22
12.5 » 84 EOLP 67 28
RANDYWINE CREEK
1.9 84 EOLP 25 20
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Appendix A~8. List of Relatively Unimpacted Ohio Sites Used to Judge
-+ the Performence of the ICI {Macroinveriebrate Data).

Drainege
River . Eco- area
mile Year region {sq.mi.) ICI SRP

BREAKNECK CREEX ,
g 84 EOLY 40 32
1 84 BOLP 73 38
8 84 EOLp .74 A0
-+ 841 EOLP 78 §
iCH
2

- 82 EOLP 27 42
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Appendix A-Q. List of Moderately Impected Ohio Sites Used to Judge
the Performance of the ICI (Mecroinvertebrate Data).

Drainage
River Eoo- aren

mile Year region {sg.mi.) ICI SRP

RUSH CREES
2.1 8z Wap 234 16
WALNUT CREER

44.1 82 BoLp 83 28

38.9 82 BOLP , 89 24
L, AUGLAIZE RIVER : '

14,3 83 HELP 119 . 28
3.9 83 HELP 39¢ 28
MIDDLE CRETR :

1.4 83 HELP 102 18
BLANCHARD RIVER

57.4 83 ECEP 336 18
85.2 83 - ECBR - 346 14
53.8 83 ECAP . 353 16
49.8 83 ECBP 379 16
44.9 83 ECBP 454 16
EBAGLE CREFX .

0.3 83 ECBP -5 15
BRUSH CREEK :

13,38 84 HELP 38 16

11.7 83 HELR 40 - 16,

8.7 84 HELP 58 16

3.3 84 HELP 84 8
LITTLE RACOOON CREEK .

28.4 84 WAP 45 12,
24.5 84 wap 87 186
LITTLE MIiAMI RIVER
98.7 83 ECBP 30 16
TURTLE CREEK

4.4 83 ip 31 8

0.5 83 1P - 5B 18
LYTLE CREFK
7.1 . 84 ECBP 8 22
HURON RIVER ‘ '
9.5 Ba HELP 386 14
ROCKY RIVER :
11.5 81 EOLP 267 24
10.8 81 BOLF | 268 1
9.9 81 BOLP 268 14
E. BR. ROCKY RIVER
3.4 81 BOLP 78 20

1.1 81 EOLP 78 28
W. BR. ROCKY RIVER

31.4 81 POLP 16 32

29.4 81 EOLP §1 22

B5.4 81 BEOLP ‘151 30
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Appendix A-9. List of Moderately Impacted Chio Sites Used to Judge
the Performance of the ICl (Macroinvertebrate Dats).

) Drainage
Riwver Eco- ares .
mile Year region {ga.mi.) 101 8RP
W, BR. ROCKY RIVER
0.4 , 81 EOLP 188 20
GREAT MIAMI RIVER .
153.5 82 ECBP . 238 20
GREENVILLE CREEK
18.9 82 BCBP 141 18
18.0 82 BCup 142 16
SWAMP CREEK. '
0.3 82 ECBP 63 18
KILLBUCK CRERY S - ,
48.3 81 EOLP 191 18
47.8 83 FOLP 182 16
4.8 83 BOLP 217 s
41.5 83 ROLP : 248 10
¢.1 - B3 BOLP 55 8
TUSCARAWAS RIVER:
114.3 83 oLy 63 8
100.2 83 oL 397 18
84.2 83 FOLP © 435 18
89.7 83 ECLP 511 18
£9.4 83 BOLP 511 : 12
89.0 83 EOL® 511 18
84.5 ‘83 EOLP 541 16
78.1 83 EOLP 567 2%
CHIPPEWA CREEK :
19.8 ‘83 EOLP 23 14
16.3 83 BOLP 40 22
8.9 83 oLy 80 8
RIVER STYX
2.3 ‘83 BOLP 24 18
L. CHIPPEWA CREEK
0.1 83 EOLP 3G 12
‘5.6 84 BOLP 120 id
WIlLS CREEK
68.1 84 WAP : 292 14
66.7 84 WAP 313 20
85.1 B84 WAP 314 18
MOSQUTTO CREEK »
9.1 83 BOLP 107 24
7.1 83 HOLP 115 14
3.0 B3 BOLP 128 18
CUYAHOGA RIVER ‘
40.2 84 ECLP 404 26
20.8 84 EOLP 583 22
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Appendis A-8. List of Moderately Impacted Chio Sites Used io Judge
the Performance of the ICI (Macroinvertebrate Data).

‘Drainags
River Eco- ares .
mile Year region (sg.mi,) ICI SRP
CUYAHOGA RIVER ,
i7.3 -84 EOLP 596 16
15.6 84 EOLP 694 24
13,1 S § EOLP 707 14
8.5 84 EOLP 709 14
10.7 34 EOLP 70 10
10.4 ' 84 EOLP 72 14
8.4 84 EOLP 74 10
BRANDYWINE CREER
8.0 , 84 EQOLP -] 18
7.0 84 EQLF 9 10
4.2 84 EOLP 19 12
3.7 84 EOLP 23 20
BLATK RIVER :
11.3 - 82 ECLP 411 22
10.7 g EOLP 412 . 15
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Appendix A~10.

List of Severely Impacted Ohio Sites Used 1o Jixige

the Performance of the ICI {Macroinvertcbrate Data).

Drainage
River Eco- aresa
mile Year region {sg.mi.) ICI SRP
HOCKING RIVER
91.1 82 EOLP 38 &
B9.3 82. ECLP 51 ¢
88.5 82 ECLP 64 0
87.3 82 EOLP 67 6
85.4 82  EOLF 8¢ 0
2.9 B2 WAF 98 0
1.8 B2 WAP 334 O
RUSH CREER =
156.4 82 WAP 160 6
14,5 g2 WAP 162 4
12.7 82 WAP 190 0
4.1 82 WAP 206 &
SCTOTO RIVER
124.5 8] ECBP 1640 10
117.3 81 ECBP 1709 10
TOWN CREEK :
14.6 83 HELP i8 4
12.5 . B3 HELP 21 4
11.3 83 HELP 12 0
1¢.2 83 HELP 13 3
8.7 83 HELP 15 s}
6.5 83 HELF 18 8
3.1 83 HELP 22 8
LITTLE RACCOON CREEK
31.2 84 wWAP 36 g
11,0 84 WAP 128 8
1.8 £4 WAPR 150 6
MEADDW RUN ,
3.1 84. WaP 5 i2
0.9 84 WAP 10 0
0.1 84 WAP 10 0
TURTLE CREER _
5.9 83 Ip 18 0
LYTLE CREEX
€.0 84 ECBP 12 0
4.8 84 ECBP 13 &
4.0 84 ECBP 14 4
. BR. ROCKY RIVER
33.3 81 BOLF 3 12
4.5 . Bi 2OLP 160 10
3.6 83 BOLF 161 19
2.1 81 EOLP 182 10
GREAT MIAMI RIVER
157.2 82 ECBP 120 6
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Apperdix A-10. List of Severely Impacted Ohio Sites Used to Judge
the Performance of the IC1 (Macroinvertebrate Datal.

_ Dreinage

River , Eoity- . oArea
mile Yeer region {sg.mi.) I () § _ SRP

SWAMP CREFK o
2.3 82 ECBP 58 14
1.7 82 ECBP 58 g ,

TUSCARAWAS RIVER , .

112.86 83 EOLP: 72 0

112.5 83 EOLP 72 2

110.8 83 EOLP 74 0

109.5 83 EOLP 154 2

109.0 83 FOLP 153 2

" 108.0 83 EOLP 156 2

106.0 83 EOLP 183 8

104.2 83 EOLP 174 14
87.4 83 EOLP 523 12
81.4 83 EQLP 554 B

CHIPPEWA CREEK o
19.2 83 BOLP 23 |
14.4 83 oLy L. S 14
6.8 83 EOLP 148 6

RIVER STYX » . ‘
0.7 B3 EOLP 28 10
0.1 83 EOLP 28 12

L. CHIPPE¥A CREEK ' :
10.5 81 N 0015 Z 10
10,1 81 BOLP : 3 10
8.6 81 BOLP 7 0
6.7 81 “EOLP il 0

JEROME FORK -

12,1 84 EOLP T4 2 ¢
10.5 -~ 84 BOLP 78 2
9.1 84 BOLP 107 8

MILL CREFX o o
7.8 82 BOLP 36 0
6.5 82 EOLP 52 2
2.8 82 EOLD T2 0
1.2 B2 EOLP .78 2
0.1 82 ECLP 7 4

MORQUITO CREER
5.8 83 EOLP ' 120 6
0.6 83 EOLP 138 8

CUYAHOGA RIVER '
37.2 84 EOLP - 443 18
35.3 84 EOLP 457 12
33.2 84 BOLP 480 10
28.9 84 BOLP 513 16

BRANDYWINE CREEKR : .
0.2 84 EOLP 28 12
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Appendix A-10. List of Severely lapacted Chio Sites Used to Judge
the Performance of the ICI {Macroinvertebrate Datal,

Drainage
River Eco- area
mile Yeay region {sg.mi.} Ict SRp
BLACK RIVER
14.4 ' 82 EOLP 3396 2
9.8 82 EOLP 413 ]
8.3" 82 EOLP 414 P
E. BR. BLACK RIVER .
0.2 82 EOLP 222 4
W. BH. BLACK RIVER .
Q.1 82 FOLP 174 9



Appendix A-11. List of Moderately and Severely Impacted O’nibo Reference Sites Used
in the Development of IBI "Low-End" Scoring,

Drainage Moan
River Sampler  Eco- Area No. Modified
mile Year type region (sq.mi.) Species Ivb 181 SRP

HOCKING RIVER

89.8 82 A BOLP 64.0 1.3 0.6 17
82,4 82 A WAP 334.0 6.9 2.4 19
BALDWIN RUN ,
0.5 82 s WAP 12.0 8.0 3.4 28
HUNTERS RUN _
0.8 82 s WAP 10.0 11.3 5.2 27
AMANDA CREEX ) '
6.1 82 G WAP 1.2 3.0 0.7 33
RUSH CREEK . :
15.4 82 A WAP' 211.0 1.3 0.6 17
14.23 82 A WAP 218.0 4.0 1.4 .16
2.0 82 A “WAP 233.0 5.3 2.8 17
SCIOTO RIVER , o
117.% 85 A ECBP 2268.0 18.0 8.9 38
117.1 79 A ECBP 2266.0 5.0 5.8 18
117.1 86 A ECBP 2266.0 25.0 10.1 36
117.1 80 A ECBP 2266.0 5.0 5.7 23
117.1 86 A ECBP 2285.0 16.0 8.4 36
117.1 81 A ECBP 2266.0 - 19.0 8.6 34
1171 81 A ECBP 2266.0 11.0 5.9 18
117.1 85 A ECBP 2265.0 25.0 9.6 36
117.1 79 A ECBP 2266.0 9.0 4.5 20
117.1 80 A ECBP. 2266.0 15.0 7.4 28
117.1 85 A ECBP 2266.0 22.0 8.4 38
117.1 81 A ECBP 2266.0 9.0 6.0 24
117.1 86 A BCBP 2266.0 18.0 9,0 30
117.1 79 A ECBP 2266.0 6.0 4.3 22
98.3 80 A ECBP 3222.0 8.0 5.8 16
98.3 81 A ECBP  3222.0 10.0 6.3 23
98.3 79 A ECBP 3222.0 5.5 4.8 22
98.3 81 A ECBP an22.0 12.0 7.8 30
98.3 80 A - ECBP 3222.0 8.0 6.1 18
98.3 79 A ECBP 3222.0 9.0 5.5 22
WALNUT CREEK ‘
20.5 80 S ECBP 177.0 11.5 - 4.6 26
PAWPAW CREEX _ :
- 0.8 82 'S EOLP 11.0 9.7 5.4 31
0.5 82 S EOLP 17.0 9.3 4.4 25
PRAIRIE RUN _ ,
1.5 82 G ECBP 3.0 9.0 3.8 40
0.1 82 G ECBP 4.4 1.0 0.4 14
COTTONWOOD DITCH »
2.5 84 D ECBP 17.0 13.7 6.7 26
6.7 84 D ECBP- 18.0 6.7 3.9 25
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: Appendix A-11. List of Moderately and Severely Impacted Chio Reference Sites Used
in the Development of IBI “Low~-End" Scoring.

Drainege Menn

River Sampler Eco- Aren No. Modified
mile Year type region (sq.mi.} Species Ixh IBI SRP
GREAT MIAMI RIVER _
0.9 80 A ip 5371.0 13.7 6.6 23
7.2 86 E HELP 0.6 0.7 0.0 25 -
5.8 86 D HELP 2.0 0.7 0.0 19
KILLBUCK CREEK o
33,5 81 A WAD 377.0 8.3 5.4 19
NIMISHILLEN CREEK , i
11.2 86 D BOLP 157.0 6.0 2.3 2
11.2 85 D EOLP 157.0 9.7 3.3 19
0.6 85 D WAP 186.0 9.7 3.9 21
E BR NIMISHILLEN CRK ‘
3.4 85 D EOLP: 33.0 S 15.2 4.4 28
3.4 86 D EOLP 33.0 9.0 2.4 20
W BR NIMISHILLEN CRK
0.1 86 D EOLP 47.0 7.0 3.7 18
0.1 83 D BOLP 47.0 6.7 3.1 20 :
HURFCRD RLN _
1.8 83 E EOLP 3.0 G.0 0.0 20
1.8 86 D EOLP 3.0 0.0 0.0 20
1.2 83 E. EOLP 5.5 1.3 1.0 14
0.3 83 E EOLP 6.0 0.3 0.0 15
0.3 86 E EOLF 6.0 0.0 0.0 16
0.3 86 E EOLP 6.0 0.0 0.0 16
0.1 86 E EOLP 7.0 10.0 4.5 22
0.1 86 E BOLP 7.0 10.0 3.6 22
- 0.1 85 E ECL 7.0 8.7 2.5 22
CENABURG DITCH
0.7 R85 E EOLP 2.0 3.0 1.4 28
MCDOWELL DITCH
1.8 83 E EOLP 12.0 7.7 4.0 2
TUSCARAWAS RIVER
108.2 83 A ECLP 156.0 2.8 1.2 7
103.5 83 A EOLP 175.0 3.7 3.8 23
69.6 83 A WAP: 1102,0 12.0 1.5 24
MAHONING RIVER , ,
31.8 80 A EOLP 612.0 1.7 1.4 17
- 23.4 80 A EOLP 1004.0 3.7 2.8 18
15.8 86 A FOLP 1016.0 7.0 3.2 14
LITTLE YANKEE RUN
1.8 84 D BOLP 29.0 15.0 5.3 25
2.0 84 D BOLP 39.0 4.5 2.1 12
YANKEE RUN
0.3 84 A EOLP 45.0 7.5 5.4 16
CUYAHOGA RIVER
8.7 84 A EOLP 327.0 9.7 5.0 26
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Appendix A-11. List of Moderately and Severely Impacted Ohio Referenve Sites Used
, in the Development of IBI “Low-End" Seoring.

Drainage Mean

River Sempler  Eco- Aren No. Modified
mile Yegz’~ type region {sg.mi.} Species Itsby IB1 SRP

CUYAHOGA RIVER
15.9 84

A EOLP 694.0 5.0 4.5 14
15.9 84 A BOLP  694.0 8.0 3.9 17
15.9 85 A oL §94.0 10.0 5.0 18
9.8 85 A EOLP 709,0 10.0 5.1 14
9.8 84 A HOLY 709.0 4.7 4.1 14
g.8 84 A EOLP 709.0 4.0 3.4 20
7.5 85 A POLP 749.0 5.0 3.6 16
TINKERS CREEK
22.1 84 D BOLP 41.0 11.0 5.0 29
3.0 84 D EOLP 83.0 - 7.7 4,3 18
2.1 84 D BOLP .. 88,0 7.0 3.8 13
0.1 84 D BOLP 89.0 13.0 5.3 21
POND BROOK
3.6 84 s} EoLp 4.0 1.3 0.7 14
L. CUYAHCGA RIVER , A
11.0 88 E BOLP 22.0. 8.3 3.8 23
5.0 84 E FOLP 51.0 6.3 2.8 16
3.8 86 5 FOLP 81.0 3.3 1.5 15 .
BEAVER MEADOW CREEK _ .
0.2 84 D EOLY 5,0 8.3 4.8 25

A-42



Executive Enterprises, Inc.
Environmental Regulation Course
KMPG Peat Marwick
Chicago, lllinois

December 3, 1993

COMPREHENSIVE ENVIRONMENTAL
MULTIMEDIA REGULATORY INSPECTIONS
(CEMRI). -

EXPANDED OUTLINE
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PURPOSES OF ENVIRONMENTAL REGULATORY INSPECTIONS.

A.

The essential purpose of an environmental regulatory
inspection is to ascertain the degree of a regulated facility's
compliance with all applicable environmental laws, regulations,
administrative and court orders and permits.

Regulatory inspections are also commonly used to identify
existing violations of applicable environmental laws,
regulations, administrative and court orders and permits, or to
monitor compliance or corrective action following resolution of
past violations.

Such inspections may be used to gather information and/or
evidence to support pending Agency enforcement actions.

A side benefit of an environmental regulatory inspection is that
it may help identify facility pollution prevention opportunities.

POSSIBLE SCOPE OF AN ENVIRONMENTAL REGULATORY
INSPECTION.



A. Category A - Single Program Compliance Inspection.

Environmental regulatory inspections may consist of
regulation-specific compliance inspections with a very narrow
focus.

B. Category B - Single Program Compliance Inspection with .
' Simple (Obvious) Multi-Media Screening.

Environmental regulatory inspections may consist of program-
specific compliance inspections, slightly wider in scope, but
limited to ascertaining compliance with specific program
requirements (e.g., hazardous waste regulations).’

C. CategoryC- Two or More Concurrent Category A

Inspections, Broader in Scope, but Not All-
Inclusive.

Environmental regulatory inspections may also consist of
' concurrent - multiple program-specific compliance
investigations, much wider in scope. These may be multi-
media, but are still limited to specifically targeted programs.?

D. Category'D'- Comprehensive Environmental Multi-Media
Regulatory Inspection ("CEMRI").

'"USEPA's "Category A" inspection = single program only. USEPA's "Category B"
inspection = single program inspection with a simplified multi-media screening for
obvious non-compliance.

?USEPA's "Category C" inspection = two or more concurrent Category A
inspections determining compliance with two or more programs, but less than all
applicable requirements.
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- CEMRI Outline

Finally, environmental regulatory inspections may consist of
comprehensive multi-media facility evaluations. In addition to
assessing targeted program-specific compliance issues, the
initial focus of the comprehensive multi-media inspection is on
the facility's processes, enabling identification of all activities
-and by-product waste streams subject to environmental
regulation. Following waste streams from generation to final
disposal ("cradle to grave"), multi-media inspections result in a

more

thorough evaluation of a facility's compliance with

applicable environmental regulations.®

. PROS AND CONS OF A CEMRI.

A. Potential CEMRI Advantages.

A regulated fécility is often engaged in operations which
have a multi-media impact upon the environment.

A comprehensive multi-media regulatory inspection
usually results in a more thorough assessment of the
facility's degree of compliance with all applicable
environmental laws, regulations, permits and
administrative and court orders. '

3USEPA's "Category D" inspection = comprehensive multi-media inspection for
compliance with all applicable laws, regulations, permit conditions and administrative

and court orders.
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A comprehensive multi-media inspection may identify
environmental problems at a facility that might be

- overlooked by a program-specific or media-specific

inspection.

A complaint may be received by the Agéncy involving
multi-media releases or discharge of pollutants into the
environment

B.  Practical CEMRI Disadvantages.

Due to intensive man-power requirements, the more time-
consuming comprehensive multi-media inspections are far

more

costly than program-specific inspections. Consequently,

they are generally reserved for larger, more complex facilities
known to be subject to multi-media regulations.,

IV. PARTICIPANTS IN CEMRIs.

A. Federal: USEPA Regional Office Field Inspectors, NEIC Multi-
-Media Inspectors. '

1.

EPA Order 3500.1 - Basic inspector Training.

NEIC Proposed Inspector Training Program Goal - all
inspectors trained to at least Level 2 for screening
inspections, and a sufficient number of Level 3 and Level
4 inspectors to conduct necessary multimedia
inspections by the end of FY 1993.

NEIC (Proposed) Multi-Media Training Program (Levels 1 -
4)
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a. Level 1 - single-program inspector.

Trained as a lead inspector pursuant to EPA Order
3500.1 for a single compliance program, i.e.,
Category A inspections.

b. Level 2 - screening inspector.

Trained as a screening inspector with some basic
multi-media training for Category B lnspectlons
c. Level 3 - multi-program inspector.

Trained to be a lead inspector per EPA Order
3500.1 for two or more compliance programs and
is working toward Level 4 training, for Category C
inspections.

d. Level 4 - multi-media inspector.

Senior, experienced inspector trained beyond Level
3 for true multi-media Category D inspections.

B. State (e.g., lllinois) Regional Field Office Services ("FOS")
Inspectors {generally media-specific).

1.

2.

State Training and Qualifications.
Minimum 40 hr. OSH/EPA hazardous waste handling
training, basic program orientation training, plus on-the-

job apprenticeship.

Continuing Training Procedures.
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In-house periodic training programs, seminars, joint-
agency update training programs, etc.

C. Industry (of course).

Corporate environmental specialists, plant/facility
operational personnel and plant/facility management are
most often direct CEMRI participants.

D. Public.

Indirect participation - but the ultimate reason for the
CEMRI. Citizen complaints may have an impact on
whether and when a CEMRI is performed.

V. POWER TO INSPECT - REGULATORY INSPECTION AUTHORITY.

A. Sources of Agency Inspection Authority.

1. Federal Statutory Inspection Authority.

a.

Comprehensive Environmental - Response,

Compensation and Liability Act ("CERCLA" - a/k/a

"Superfund”) 8104(e), 42 U.S.C. §9604(e):

"Any officer, employee, or representative of the
President ... is authorized to ... require any

‘person...to furnish ... information or documents

relating to ... identification, nature, and quantity of
material ... generated, treated, stored, or disposed

or transported[,] ... nature or extent of a
releasel,]... ability of a person to payl[,] ... access
... to inspect and copy all documents or records [,]
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... to enter ... '[any] place or property where any

hazardous substance or pollutant or contaminant
may be or has been generated, stored, treated,
disposed of, or transported from ... needed to
determine the need for responsel,] ... [and] to
inspect and obtain samples ..."

Clean_Air Act ("CAA") 8114(a), 42 U.S.C.

§7414(a):

"...the  Administrator or his authorized
representative, upon presentation of his credentials
- shall have a right of entry to, upon or through any
premises of such person or in which any records
required to be maintained... are located, and may
at reasonable times have access to and copy any
records, inspect any monitoring equipment and
method...and sample any emissions. ..."

Clean Water Act ("CWA") §308(a), 33 U.S.C.

§1318(a):*

"...the Administrator or his authorized
representative... upon presentation of his
credentials - (i) shall have a right of entry to, upon,
or through any premises in which an effluent
source is located or in which any records required
to be maintained...are located, and (i) may at
reasonable times have access to and copy any
records, inspect any monitoring equipment or

*formerly the Federal Water Pollution Control Act, 33 U.S.C. Section 1251, et séq.
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method..any sample and sample any effluents
which the owner or operator of such sources is
required to sample..."

Federal Insecticide, Fungicide and Rodenticide Act

("FIFRA") 88(b) [books and records] and §9(a)
[establishments], 7 U.S.C. §136f(b) and §136g:
"... any person who offers for sale, delivers, or
offers for delivery any pesticide ... shall, upon
request of any officer or employee of the
Environmental Protection Agency ... furnish or
permit such person at all reasonable times to have
access to, and to copy: (1) all records showing the
delivery, movement, or holding of such pesticide or
device, including the quantity, the date of shipment
and receipt, and the name of the consignor and
consignee ..." '

"... officers or employees duly designated by the
Administrator are authorized to enter at reasonable
times, any establishment or other place where
pesticides or devices are held for distribution or
sale for the purpose of inspecting and obtaining
samples of any pesticides or devices, packaged,
labeled, and released for shipment and samples of
any containers or labeling for such pesticides or
devices."

"Before undertaking such inspection, the officers or
employees must present to the owner, operator, or
agent in charge of the establishment ... appropriate
credentials and a written statement as to the
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reason for the inspection, including a statement as

to whether a violation of the law is suspected.”

" employees duly designated by the

- Administrator are empowered to obtain and to
execute warrants authorizing entry ... inspection
and reproduction of all records ... and the seizure

of any pesticide or device WhICh is m violation of
this Act.”

e. Resource Conservation and Recovery Act ("RCRA")
83007(a)(hazardous waste) and §9005(a) (USTs),
42 U.S.C. 86927 and §6991d(a):®

§3007(a):  "...any such person who generates,
stores, treats, transports, disposes of or otherwise
handles or has handles hazardous wastes shall
upon request of any...employee or representative

The "heart" of the federal Solid Waste Disposal Act ("SWDA"), 42 U.S.C. §§6901 - 6992k,
the Resource Conservation and Recovery Act ("RCRA") of 1976 (P.L. 94-580), is the primary
legislation regulating management and disposal of municipal and industrial solid and hazardous
wastes. RCRA has been amended by the addition of the 1984 Hazardous and Solid Waste
Amendments ("HSWA") (P.L. 98-616) and the 1988 Medical Waste Tracking Act (Subpart J of
RCRA). RCRA consists of four basic programs: Subtitle C - Hazardous Wastes; Subtitle D -
Solid Wastes; Subtitle I - Underground Storage Tanks; and Subtitle J - Medical Wastes.
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of the Environmental Protection Agency...furnish
information relating to such wastes and permit
such person at all reasonable times to have access
to, and to copy all records relating to such wastes.
...such employees or representatives are
authorized...to enter at reasonable times any
establishment or other place where hazardous
wastes are or have been generated, stored,
treated, or disposed of or transported from; to
inspect and obtain samples from any person of any
such wastes and samples of any containers or
labeling for such wastes." and

§9005(a)(1): "...representatives are authorized...to
enter...inspect and obtain samples..."”

Safe Drinking Water Act ("SDWA") 8§1445(a), 42
U.S.C. §300j-4(a):

. the Administrator, or representatives of the
Administrator ... upon presenting appropriate
credentials and a written notice to any ... person
subject to ... any requirement ... is authorized to
enter any establishment, facility, or other property

. in order to determine ... compliance with this
title, including for this purpose, inspection, at
reasonable times, of records, files, papers,
processes, controls, and facilities or in order to test
any feature of a public water system, including its
raw water source."”

Toxic Substances Control Act ("TSCA") §§11(a)
and 11(b), 15 U.S.C. §2610:
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B.

2.

"

any duly designated representative of the
Administrator, may inspect any establishment ... in
which chemical substances or mixtures are
manufactured, processed, stored, or held before or
after their distribution in commerce and any
conveyance being used to transport chemical
substances, mixtures, or such articles in
connection with distribution in commerce. Such an

“inspection may only be made upon the presentation

of appropriate credentials and of a written notice to
the owner, co-operator, or agent in charge of the
premises or conveyance to be inspected."

State Statutory Inspection Authority.

Hlinois:

lllinois Environmental Protection Act ("Act") 84(c)
and §4(d) [415 ILCS 5/4(c)and 4(d)].

Other Representative States.

Virtually every state has some statutory inspection
authority - those states with delegated federal
authority have inspection authority mirroring the
authority of the USEPA.

Scope of Inspection Authority.

1.

Scope of Federal Inspection Authority.

a.

Presentation of Credentials Upon Entry.
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(1) Required: CWA, FIFRA, CAA, SDWA and
TSCA.

(2)  Not Required: RCRA and CERCLA.
b. Notice of Inspection.

(1) Written'Notice and Reasons Required: FIFRA,
SDWA and TSCA.

(2) "Reasonable" Notice Required: CERCLA.
(2) No Notice Required: CAA, CWA and RCRA.
~¢..  Sampling.

(1) Sampling Permitted: CWA, FIFRA, CAA,
RCRA, SDWA, and CERCLA.

(2) Silence in Authorization on Sampling: TSCA.

(3) Sample Splits Required if Requested: FIFRA,
RCRA and CERCLA.

(4) Sample Splits Not Required: CWA, SDWA
© and TSCA (?).

(b) Sample Receipt Required: FIFRA, RCRA and
CERCLA.

(6) Sample Receipt Not Required: CAA. CWA,
SDWA and TSCA (?). '
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(7) Sample Analytical Results Required to be
Promptly Returned: FIFRA, RCRA and
CERCLA. :

(8) Sample Analytical Results Not Required to be
Returned: CAA, CWA, SDWA and TSCA(?).

d. Inspection of Records Authorized: CAA, CWA,
SDWA, TSCA, FIFRA, RCRA and CERCLA.

2. Scope of State Inspection Authority.
a. llinois Environmental Protection Act 84(c):-

- "The Agency shall have authority to
conduct a program of continuing
surveillance and of regular or periodic
inspection of actual or potential
contaminant... sources..."

b. Hlinois EnvironmentaAI Protection Act §4(d):

"In accordance with constitutional limitations,
the Agency shall have authority to enter at all
reasonable times upon any private or public
property for the purpose of:

1. Inspecting and investigating to
ascertain possible violations of
the Act or of regulations
thereunder, or of permits or-terms
or conditions, thereof..."”
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VL.

PRESENT PRACTICES.

A.

Regional (USEPA) CEMRI Practice.

E.g.: Region V's Office of Regional Counsel has its own
Multimedia Branch. Region |l has developed special CEMRI
procedures and guidance documents. The wave of the future
- the "big push." Carol Browner is committed to CEMRI as
one of her top four Administration priorities, along with
pollution prevention, environmental equity and ecosystem
protection. USEPA's 1993 budget for multimedia programs
was $253,668,600. The FY-1994 Presidential budget
proposal, while making deep cuts elsewhere, was up almost
$70,000,000 for multimedia enforcement programs. USEPA
is encouraging delegated and grant states to institute multi-
media programs - e.g. joint air and land asbestos-landfill
inspections. Most Agency's - including USEPA - already have
a "hit" list.

Regional Coordinating Committee Practice - lllinois Example.
Target-list.
Really "Big" Cases - NEIC Cases.

The environmental "F.B.l." - Denver facility. Impressive -
stake out surveillance - high tech, etc.

Criminal referrals, especially. In 1990 USEPA referred 65
criminal investigations to the USDOJ, resulting in criminal
charges being brought against 130 individual and corporate
defendants. Fred Foreman's Office (U.S. Attorney for the
Northern District of lllinois) reported that 58 % of the individual
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Vil

defendants will go to jail. Presently, the major targeted
programs are RCRA, CWA, CAA and Wetlands Enforcement.

PRE-INSPECTION ACTIVITIES.

A.
B. .

B.

Occasion for the CEMRI.
Organization of the CEMRI Team.

1.

Composition of Participatihg Team Members.

Generally qualified field inspectors (Level 3) with multi-
media background and training, and one inspector with
extensive multi-media training (Level 4). Sampling
experience, including sample collection, identification and

preservation quality assurance, knowledge of the

relevant regulations, good investigative  and
communication skills are important fore team members.
Special circumstances may dictate inclusion of
hydrogeologist, toxicologist, chemical engineer, permit
writer, etc. on the team.

Leader Selection.

A team leader (Level 4) having overall responsibility for
completion of the inspection must be selected. Besides
multi-media program experience, the leader should have
familiarity with the Agency's legal inspection authority,
enforcement procedures, and procedures for obtaining,

‘serving and returning administrative warrant.

Overview of the Facility - B'ackground Information Check.
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Prior to conducting the inspection, Federal, State and local
sources of records and other facility data may be consuited by
the inspectors so that they may learn as much about the
facility as possible.

1.

Available Data.

All permits and permit applications, facility maps,
process and wastewater flowcharts, prior inspection
reports, consultant's reports, hazardous waste
manifests, spill reports (in excess of RQ's),
Administrative Orders, Consent Decrees, and other
enforcement related documents, area geological and
topographical maps, = any hydrogeological data,
description and design data for pollution control
systems, sources and characterization of wastewater
discharges, contingency plans, receiving streamwater
quality standards, ambient air standards are examples of
sources of facility data available to the inspectors for

~pre-inspection review.

Reason for Background Information Search and Review.

Pre-inspection review helps inspectors to plan the
inspection in advance and clarifies technical and legal

issues prior to the inspection.

Objectives - Determine the Goal of the Inspection.

Prior to the inspection the team agrees upon clearly defined
objectives or goals to be obtained through the inspection.
(e.g., to assess facility compliance with TSCA, to evaluate
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regulatory compliance and air emissions associated with
landfill disposal of asbestos, etc.)

Outline of the Proposed Inspection - the site-specific CEMRI
Plan ' -

The Plan includes personnel tasking, planned sampling, general
schedules, and incorporating protocol for planned interviews,
document and other evidence handling, team communications,
safety procedures, etc.

Options re Facility Notification.

Notification to the facility of an announced inspection is most
often achieved by a telephone call. A formal notification
letter, either mailed to the facility or hand delivered at the time
of the inspection, may be used as a follow-up to the telephone
notification. Notification should identify only generally the
areas subject to the inspection, but should specify the records
to be reviewed and copied.

1.  Announced Inspections - pros and cons.

a. Pro: Assures that the necessary personnel (e.g.,
environmental coordinator) will be present at the
facility, the necessary documents will be available,
the processes of concern will be functioning and
minimizes delay at the entrance to the facility. Can
be scheduled at a mutually convenient time.

b. Con: Gives the facility an opportunity to conceal
violations. :
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- CEMRI Outline

Unannounced: Inspections - pros and cons.

a. Pro: Decreases facility opportunity to conceal
violation. ~ '

b. Con: If an administrative inspection warrant has
not been obtained in advance, entry may be denied
- particularly in situations where enforcement
action is pending. '

VIii. PROCEDURES FOR CONDUCTING A CEMRIL.

A. Issues on Entry.

1.

Inspection Announced.

Usually a simple matter of showing up at the gate and
making contact with the appropriate facility
environmental coordinator.

Inspection Unannounced.
May result in denial of access. If denial is anticipated,
the inspectors should obtain an administrative inspection
warrant (not a search warrant!) in advance, since delays
in obtaining a warrant offset any advantage of an
unhannounced inspection.

Inspection Access Denied.

a. Procedures If No Warrant Has Been Obtained.
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If access is denied and no warrant has been issued,
the inspectors should:

(1) Refrain from threatening or "bullying" facility
personnel;

(2) Clearly explain Agency inspection authority to
facility personnel;

(3) Verify that the facility representative denying |
access  understands the existence of the
Agency's inspection authority;

(4) Fully identify the individual or individuals
denying access;

(5) Document fully the circumstances, the
actions taken and the statements made; and

(6) Withdraw, contact supervisory and Agency
legal personnel, and obtain an administrative
inspection warrant (not a search warrant!).

Procedures If Warrant Has Been Obtained - Service
of the Warrant. ’

If access is denied and an administrative inspection
warrant has been issued, the inspectors will serve
the warrant. If access is still denied, the
inspectors will call for law enforcement assistance.
If resistance even in the face of a warrant is
anticipated, the inspectors will make arrangements
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to have a law enforcement officer accompany them
initially for service of the warrant.®

(1)  Peace Officers Present? (720 ILCS 5/31-1)
(2) Process Obstructed? (720 ILCS 5/31-3)

b. Procedures for Administrative Inspection Warrants
vs. Search Warrants.

A distinction to note.
B. Issues on Sign-In (Waivers and Restrictions).
Many facilities understandably desire all AgenCy personnel
involved in the inspection to sign-in on a visitor's log.
Inspectors are instructed to examine any facility sign-in form
or visitor's log before execution to make certain that it does
not contain any language that either restricts the scope of the
inspection or waives any facility liability.

C.  Introductory Opening Conference.

1. Purposes.

®If the facility personnel still try to resist entry and inspection efforts, the lllinois
State Police, for example, will make arrests for resisting or obstructing a peace officer
{720 ILCS 5/31-1) or obstructing service of process (720 ILCS 5/31-3).
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a. Explain inspection purpose and éuthority.
b. Gain cooperation.

C. Discuss inspection schedule.

d. Present inspection notices or other forms.

e. Discuss anticipated sampling and whether splits
will be obtained.

f.  Discuss safety issues.
g. Make arrangements for document access.

h.  Obtain a general description of the site's operations
from facility representatives.

2. Passing Up the Opening Conference.

In unannounced inspections the opening conference is
often passed up so that inspectors may proceed
~immediately to facility areas of concern. This reduces
the likelihood that operations may be altered or violations
concealed.

D. Initial Site Tour.

1. Individual Facility Processes and Operations Can be
Thoroughly Explained to Inspectors.
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Identification and Location of Key Areas to be Inspected
{e.g., manufacturing and process areas; waste handling,
generation, accumulation, transfer, storage, treatment
and disposal areas; raw materials storage areas;
wastewater sumps, separators or traps in or near
process areas; areas having past violations; etc.) and
Key Personnel to be Interviewed.

Inspection Areas Cah be Amply Photograpﬁed. (Take a
tip from the Japanese: bring plenty of film and say,
"Smile please!"). ‘

Inspection Methods in General.

General inspection methods include interviews with key facility
personnel, visual site inspection (including photographs and
video tapes), sampling, if required, and records inspection.

1.

Interviews.

Interviewers should allow facility personnel to fully
explain their operations so that the management system
is clearly apparent.

‘a. Miranda warnings are not necessary. (See, e.g.,

U.S. v. Mitchell, 966 F.2d 92 (2d Cir. 1992)).

b. Making Use of Good Investigative Techniques.
(1) Avoiding Leading Questions.

(E.g., "You don't have any buried drums
around here, do you?" You've filled and
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(2)

(3)

(4)

retained all required spill reports, haven't
you?")

Allow Ample Time.
Patient and persistent follow-up is nécessary

in order to avoid incomplete or unresponsive
answers. Investigators should obtain a full

‘and complete answer.

It is often best to begin generally and proceed
to the more specific details. The interviewee
should be allowed to speak in detail about the
facility processes, the flow of raw materials
through the various manufacturing processes
to the final product. Waste streams and
relevant management procedures should be
identified. As general overall information is
obtained the interviewer should begin to
narrow the issues and focus in on specific
areas to fill the gaps in the broad picture.
Eventually minute details may be discussed
as needed. -

Investigators should not be satisfied with
non-responsive or partially responsive
answers, but should persist in a line of
guestioning until they are certain that they
have obtained a complete answer.
Ambiguous Questions Are to be Avoided.

Annotated Check-lists.
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A pre-inspection checklist of planned
qguestions to ask facility representatives is a
good idea but the interviewer should allow
flexibility to follow lines of questioning
suggested by the answers, rather than bhndly
adhering to a "script."”

Audio- or Video-Recorded Interviews.

The questions asked and the answers given
should be carefully documented. Body
language should be observed to gauge the
reaction of the interviewee to the questions.
Observations and responses should be

documented.

Problem? Subjectivity of visual observations
and potential later dispute about what was or
was not actually said.

Solution? ldeally the interview should be
tape recorded or, preferably, videotaped.
The interviewer should obtain the witnesses
permission before beginning, and then again
while on tape.

2. Individual Observations, including sensory observations
(visual, touch, odors, etc.) and a photographic or video
record of those observations.

3. Indicated and Planned Sampling.

a.

Authority to Obtain Samples.
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See V.B.1.c., above.

Available Sampling Procedures.

(1)

(2)

Representative Grab Samples.

* Specific SOPs (e.g., 40 CFR Part 136 (CWA-

NPDES); SW 846 (RCRA)).

Advisable Sampling - Inspectors Should Take
Samples: :

INSPECTION "RED FLAGS"

(1)

(2)

(3)

(4)

(5)

(6)

When Unknown. Waste is Encountered.

When Unpermitted Discharges or Releases
are Observed.

When Suspicious or Unexplained Stains are
Observed in Waste Management Areas.

When Permitted Discharges or Releases Look
or Smell Unusually Bad.

"When Waste Containers, Tanks,

Transformers, Drums, Pipes, Lines, Valves,
etc. are Observed to be Leaking.

When Stormwater Runoff is Suspected of
Being Contaminated.
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4.

(7)

(8)

(9)

When Waste Analysis Data is Suspected of
Being Defective, Deficient or Otherwise

Incorrect, or When Inspectors Suspect Waste

Misclassification.

When Inspectors Observe or Suspect
Improper Handling or Disposal of Sludge or
Other Waste Residuals.

When Any Other Indications Suggest
Unexpected or Improper Releases of
Contaminants into the Environment.

(10) When Permit Reviewers or Other Program

Personnel Specifically Request Sampling.

Inspection of Records.

Records Inépection Authority.

See V.B.1.d., above.

Records Eligible for Inspection.

A broad range of facility records are eligible for
inspection, including, but not limited to:

(1)

(2)

(3)

Inspection logs,

Annual required reporting documents,

Operating reports,



Executive Enterprises

Environmental Regulatory Course
Daniel P. Merriman - CEMRI Outline

December 3, 1993
Page 27

(4)
(5)
(6)
(7)
(8)

(9)

Self-monitoring procedures and data,
Spill and spill clean-up reports,
Manifests,

Notifications,

Certifications,

Emergency response plans,

(10)Training records, etc.

Records Inspection Purposes - Ascertaining

Whether: | |

(1) -Required Records are Maintained;

(2) Required Records are Complete;

(3) Required Records are Timely Prepared;

(4) Required Records Have Been Forwarded to
All Required Parties; and

(5) Required ‘Records Contain Information

Consistent with Actual Observations or Other
Cross-Checked Forms Where the Same
Information is Required.

Records Access Denial Issues.
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A refusal to provide access to documents is treated
in the same manner as a denial of access to the
facility. Note, however, that since the facility
representatives are not required to make copies of
the documents for the inspectors absent a court
order, the facility's refusal to copy their records for
the inspectors is not the same as a refusal to
produce them. ~

Records Copying Issues.

If copies or the facilities records are desired,
arrangements should be made with the facility
representatives to use their copiers, at the
Agency's expense. Use of a portable Agency
copier or a record copy service is an (expensive)
alternative.

Records Confidentiality Issues

(Especially with respect to TSCA Confidential
Business Information ("CBI").)

Note that facility representatives may request that
documents and photographs be treated by the
inspectors as confidential information (especially if
containing TSCA Confidential Business Information
("CBI")). Since inspectors are required to treat the
information confidentially, pending a legal
determination of the facility's claim, inspection
procedures should be adopted in order to maximize
confidentiality and minimize potential Agency
liability. (e.g., TSCA-cleared inspectors, document
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chain-of-custody logs, use of self-developing film
or video tape in lieu of standard photographs).

But note that a corporation cannot refuse to
produce documents merely because they might
incriminate a corporate employee - no 5th-
Amendment privilege. E.g., Flavorland Industries v.
U.S., 591 F. 2d 524 (5th Cir. 1979). Rule extends
to corporate attorneys, barring use of attorney-
client privilege even though document might

‘incriminate the employee individually (U.S. v..

Harrison, 653 F. 2d 359 (8th Cir. 1981)).

Attorney-client privilege is generally available to a
corporation (Upjohn Co. v. U.S., 449 U.S. 383
(1981) and includes corporation's communications
with its attorney if the communications include
legal advice given by the attorney in response to
the client's communication. This does not extend
to records required by law to be maintained as part
of a regulatory scheme - such records are treated
as quasi-public documents (Shapiro v. U.S., 335
U.S. 1 (1947). But note that, under lllinois
modified control group test, the privilege may be
extended to employees making communications at
the direction of a superior (Consolidated Coal v.
Bucyrus-Erie Co., 89 Ill 2d 103, 432 N.E.2d 250
(1982)).

F. Individual media-specific, pfocess-specific and/or program-
specific inspections included in the CEMRI plan (or suggested
from observations made during initial tour).
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1.  Media-Specific Team Composition.

2. Media-Specific Inspection Procedures - Examples..
a. RCRA Inspection Procedures

See Appendix A .
c. CWA Inspection Procedures
See Appendix B.
d. CAA Inspection Procedures
See Appendix C.
G. Inspection Finale - Closing Consultation.

1. Opportu.nity to discuss preliminary results.

2.  Opportunity for final clarification of questions.

3. ‘Opportunity for facility operator to obtain commitment
from inspectors to receive copy of preliminary report,
and ideally, to address any issues raised prior to
finalization of report. ‘

IX. POST-INSPECTION ACTIVITIES.

A. Analysis of Data Obtained.

B. Assembly of Comprehensive Report. |
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C.

Advice of Management and/or Legal Department -Report
Review.

(e.g., IEPA's EDG)

1.

2.

Examination of Identified Violations.
Entitie‘s Responsible (PRPs) Identified.

Owners and operators of the facility are liable for facility
violations in all cases.

Criminal liability used to be upheld only is the violation
was committed by an employee or operator who had
knowledge of the law - prosecutors had to convince the
Court of that fact as an element of their case. Today,
however, Courts have accepted the "collective
knowledge doctrine,” i.e., it is sufficient for the
prosecution to show that taking all of the facility's
employees as a whole there is sufficient experience to
collectively impute knowledge of the law to the facility,
collectively, rather than the individual employee.

In U.S. v. Hoflin, 880 F. 2d 1033 (9th Cir. 1989), the
court held that RCRA does not require knowledge of the
requirement of a permit as an element of the offense. In
U.S. v. Dean, 969 F.2d 187 (6th Cir. 1992), a

production manager of a metal fabrication company was
convicted of RCRA § 6928(d)(2)(A) criminal violation for
storing hazardous waste without a permit, even though
he was unaware of the permit requirement.
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RCRA criminal liability extends to "any person,” which
includes facility employees who are not owners or
operators (U.S. v. Johnson & Towere Inc., 741 F. 2d
662 (3rd Cir. 1984)).

CERCLA criminal liability extends to any person who is in .
a position to detect and prevent a release. Felony
liability was upheld in U.S. v. Carr, 880 F.2d 1550 (2nd
Cir. 1989) against a low level facility employee who
failed to report a release because "he was in a position
to detect and prevent a release of hazardous
substances." |

CWA expressly applies criminal penalties to "responsible
corporate officers." USEPA has recently sought to
impose criminal liability on a corporate officer under the
CWA for mere negligence - on the basis of failure to
exercise preventative measures. Negligence may also be
enough to impose criminal liability on corporate officers
in CAA cases.

USEPA has argued that a parent company can be liable
for s subsidiary's violations as an operator under
CERCLA (e.g., U.S. v. Kayser-Roth, 910 F. 2d 24 (1st
Cir. 1990). ‘ .

In  Southern Timber Products, Inc., although
Administrative Appeal was decided in favor of 10%
shareholder and corporate officer against whom USEPA
brought RCRA violations associated with closure of a
surface impoundment, the case did hold that State EPA
approval of the closure was not a defense. (1990 RCRA
LEXIS 22).
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3. Evidence Weighed.
4. Enforcement Approach Determined.
Options:
'a. Administrative Citations/Field Citations.
b. Referral for civil penalty/compliance enforcement.
(1) Contested cases
(2) Nolo Contendere cases
C. Referral for criminal investigation/enforcement.
(e.g., 415 ILCS 5/44)
d. Dual Track Cases - Criminal and Civil Prosecutions
- Not double jeopardy. 'Noté that by Federal Rule of
Criminal Procedure 6(e) prohibits disclosure of
evidence obtained by grand jury investigation for
use in a concurrent civil action. The Federal
government usually proceeds criminally first, and
then proceeds civilly, but they may still do both

simultaneously (U.S. v. Oxford Royal Mushroom
Products, Inc., 487 F. Supp. 852 (E.D.Pa 1980).

€. Racketeer Influenced and Corrupt Organizations
Act (RICO) prosecutions (U.S. v. Paccione, 1990
U.S. Dist. LEXIS 13700 (S.D.N.Y.). ~
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f. Informal resolution and remediation.

(Note, however, that some violations require
mandatory enforcement under terms of the state's
grant of authority from USEPA to administer a
federal program.).

D. Agency Pre-Enforcement Activities (PECLs, CILs, AWNs,
CANs, CAOs, ENLs, etc.).

Note that IEPA's BOA generally does not use the PECL
procedure, however, IEPA's BOL always uses the PECL
procedure - unified post-inspection procedure may depend
upon which media violation is the most "serious."

E. _Alterhativ_e Directions - Enforcement Referral Process vs.
Informal Resolution Process.
X. PROPOSALS - SUGGESTED SURVIVAL STRATEGIES.

The following are merely suggestions of the author - not original by
any means - but acceptance and implementation of any one or more
of them should go a long way toward making the prospect of being
the recipient of a comprehensive environmental muiti-media
regulatory inspection far less traumatic. Any expenditures incurred
in preventing pollution or avoiding liability will be well worth the
price if in the process the facility avoids being the subject of civil or
- criminal environmental enforcement.

A. Make certain that key facility personnel are fully versed in all
relevant regulatory requirements and permit conditions and
know their responsibility to perform in compliance therewith;
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B. Enact a facility-wide comprehensive environmental quality plan
(TQM) addressing environmental issues relating to all media,
with a focus upon preventing violations and reducing use of
potential contaminants and generation of wastes (i.e., practice
pollution prevention’); ‘

C. Encourage well-trained environmental quality/compliance
personnel and grant them the authority to make changes in
operations and procedures where needed;

’With the enactment of Section 3002 of RCRA (the 1984 Hazardous and Solid
Waste Amendments) the USEPA began promoting pollution prevention and waste
minimization. OSWER Directory No. 9938.10 proscribed a policy requiring RCRA
inspectors to encourage and promote waste minimization, to evaluate facility
compliance with waste minimization certifications on hazardous waste manifests, to
review and evaluate Biennial Report and Operating Record waste minimization progress
descriptions and certifications, to review facility waste minimization programs, to
verify compliance with any. permit or enforcement order waste minimization
requirements and to recommend obvious waste minimization techniques and
procedures. Finally, the October 1990 Pollution Prevention Act established pollution
prevention as a national priority. '
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D.

Develop (or maintain) an effective reporting and record-keeping
system. Carefully calendar all necessary compliance and other
required environmental report dates, and use a "ticker-system”
to remind responsible parties well in advance of the due dates;

Develop (or maintain) an in-house compliance audit/inspection
program;

At the outset of the inspect.ion,' have key personnel present to
seek to assert control of the inspection agenda. Without
causing conflict, try to "guide" the inspectors through the
inspection - Make certain you show them what you want them
to see and hear what you want them to hear. Experienced
inspectors will not let you take control on the inspection, but
inexperienced inspectors may not realize what is happening
until it's too late. This is not to suggest overtly trying to hide
areas of your facility or certain operations, but merely to
suggest that "control” of the inspection may give you a subtle

~ advantage in presenting things in their most favorable light.

Obtain (and follow) sound profesSionaI advice and counsel
from environmental consultants and attorneys (either "in-

‘house," "out-house," or both) who are knowledgeable and

familiar with the relevant regulatory requirements and Agency
procedures; and

Develop an ongoing attitude of cooperation and respect with
the relevant regulatory Agency field staff and permit
reviewers. (Inspectors and permit reviewers do not "play
favorites," but they are not totally devoid of human nature. A
history of openness and compliance with the Agency will go
along way toward giving the facility the benefit of the doubt in
close calls and minor infractions.) If violations are noted but
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prompt remedial action is taken, such cooperation may result
in: .

1.  Avoidance of formal enforcement action;® or

2. Mitigation of penalties in a formal civil enforcement
action (see, e.g., 415 ILCS 5/42(h)(2)); or

3. Mitigation of fines/sentence in a formal criminal
enforcement action.

a. Federal sentencing guidelines (see, e.g., United
States Department of Justice, Criminal Sentencing
Guidelines, Chapter 8, Environmental Crimes,

~ adopted November 1, 1991).

b. State sentencing procedures (see, e.g., 730 ILCS
5/5-5-3.1(a)(8)) .

l. Have a "contingency plan" for a CEMRI. Assume that it's just
like another form of natural disaster. When it happens
everyone will know their duties. While inspection team is
getting organized at the gate, have key opersonnel breeze

8Certain RCRA high-priority violations ("HPV's), such as failure to provide adequate
closure or post-closure care financial assurance, mandate delegated-state enforcement -
action as a condition of the state's grant from USEPA. Otherwise, the delegated state
enforcement Agency has discretion in deciding which enforcement actions to institute.
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through last minute internal self-inspections. Perhaps a
"Murphey" crew should be kept on tap that can be mobilized
on short notice to do quick last minute clean-ups and repairs.
Query: Is trying to "slide last minute messes under the rug
when company comes” tantamount to obstruction of justice?
Answer: No. As long as no overt deception occurs, a "quick-
fix" is no different than hitting the brakes when your car's
radar detector goes off. (Ultimate "justice” may be
esoterically debatable, but its utility is nearly universally
accepted.) As a practical matter, violations discovered in a
CEMRI are inevitable, so there should be no problem with
trying to minimize the avoidable ones.

Treat the inspectors professionally. We all know what
happens to the driver who was only going to get a warning
ticket but is rude to the police officer.
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APPENDIX A
General Media-Specific Inspection Pro¢edures.
Resource Conservation Recovery Act ("RCRA")

An initial determination of the RCRA status of the facility identifies the
relevant regulatory requirements.

A, Generators.

Generators are regulated under 40 CFR Parts 261, 262 and 268 (35
lli. Adm. Code Parts 721, 722 and 728). Hazardous waste
generators are subject to varying requirements, depending upon the
volume of hazardous waste generated in a calendar month. Matters

~ of interest to Agency inspectors pertaining to generator regulatory
obligations generally include:

1. Waste generation process.

Is the volume reported consistent with the amount actually
generated? Have all hazardous wastes generated been
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properly identified? Are there any indications of improper
dilution or mixing? (See, e.g., 40 CFR 268, 35 Ill. Adm. Code

- 728.103.) '

Waste classification process.

What method is used by the generator to determine that a
waste is hazardous, and how is it documented? Is the method
a proper or approved method? (e.g., "TCLP") Is the method
properly applied? |

Pre-transport requirements.

How is the hazardous waste packaged for transportation? Are
the containers in proper condition? Are the DOT labeling,
marking and placarding requirements being met?

Hazardous waste accumulation.

Has the accumulation storage area been properly identified by
the generator? Are all regulatory requirements applicable to-
the hazardous waste storage areas being met? How long has
the hazardous waste been accumulated? (If the hazardous
waste is accumulated by a large quantity generator for more
than 90 days, a storage facility permit is necessary. Note that

‘although the hazardous waste may be accumulated for less

than 90 days, and thus no permit is necessary, the generator
must nevertheless comply with all of the requirements of 40
CFR 262.34.) (See, e.g., U.S. v. Baytank (5th Cir. 1991), 934
F.2d 599, 607.)

"Paper-work"
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Are the generator's hazardous waste manifests, inspection
logs, and other required notifications and reports up-to- date
and accurate?

B. Transporters.

Hazardous waste transporters are regulated under 40 CFR Part 263
(35 lll. Adm. Code Part 723) and the DOT Hazardous Materials
Regulations. : B

Inspectors of hazardous waste transporters and transfer stations are
specially interested in such things as:

1.

Are any hazardous wastes imported?

Importing hazardous wastes subjects a transporter to the
RCRA generator regulations.

Are hazardous wastes of different DOT shipping descriptions
mixed in the same container?

- Mixing in the same container hazardous wastes of different

DOT shipping descriptions subjects the transporter to the
RCRA generator regulations.

Are hazardous wastes accumulated at transfer statrons for
more than ten (10) days?

Accumulation of hazardous wastes for more than ten (10)
days makes the transfer station subject to RCRA storage
facility regulations.

C. Treatment, storage and disposal facilities ("TSDs")
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1. Permitted RCRA TSDs ("Part B") are regulated under 40 CFR
Part 264 (35 lll. Adm. Code Part 724).

2. Interim Status TSDs ("Part A") are regulated under 40 CFR
Part 265 (35 lll. Adm. Code Part 725).

3. Three categories of regulations are applicable to all RCRA
TSDs.

Administrative requirements.

Administrative regulations for both type of TSDs include
regulations relating to required notices, waste analysis
plans ("WAPs"), site security, general inspection
requirements, facility personnel training requirements,
location standards, general requirements for ignitable,
reactive, or incompatible wastes, preparedness and
prevention, contingency plans and emergency
procedures, manifests and record keeping.

General standards.

General standard regulations for all TSDs include
regulations relating to closure and post-closure care.

- General standard regulations applicable to all permitted

TSDs include those relating to releases from Solid Waste
Management Units ("SWMUs").  General standard
regulations relating to all permitted and interim status

- TSDs also include, for example, those relating to ground

water monitoring requirements.

Specific standards.
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(1) Specific standard regulations applicable to all RCRA
TSDs with specific types of hazardous waste
management units include those applicable to:

containers

tanks .

surface impoundments

waste piles

land treatment

landfills

incinerators

air emission standards for process vents
air emission standards for equipment leaks

(2) 'Specific'standard regulations applicable to interim
status TSDs with specific types of waste
management units include:

. thermal treatment
. underground injection wells
° chemical, physical and biological treatment

4. RCRA inspectors examine the RCRA units (i.e., hazardous
waste management units) at the facility so as to determine the
extent of compliance with all applicable laws, regulations,
permit conditions, administrative or consent orders, closure
plans, corrective action plans, compliance plans, reporting
requirements, etc. Also examined are, among other things,
the waste analysis plan and practice, inspection logs,
personnel training documentation, waste handling procedures,
contingency plans, facility operating record (40 CFR 264.73,
265.73), groundwater monitoring equipment, plans and data,
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sampling and analytical plans, methods, records and data,
applicable soil monitoring methods and data, run-off and run-
off management systems, total organic process vent (or other
pump, compressor, valve or line systems containing or
contacting hazardous wastes with organic concentrations of at
~ .least 10%) air emissions, leak detection and repair records,
closure and post-closure care financial assurance status,
construction, design, operation and maintenance of equipment,
including monitoring equipment, compliance with RCRA Land
Disposal Restrictions (""LDR") (40 CFR Part 268; 35 lil. Adm.
- Code Part 728),° compliance with Subtitle | regulations for
~underground storage tanks ("USTs") located at the facility,
compliance with the requirements of Subtitle J (40 CFR Part
“259) for any medical wastes managed at the site, etc.

°LDR represents phased-in regulations prohibiting fand disposal of hazardous
wastes, divided into restricted waste groups (with different compliance dates for each
group), unless the waste meets the treatment standards of 40 CFR 268.40 - 268.43
(35 lll. Adm. Code 728.101 - 728.139), expressed as contaminant concentrations in
the extract or total waste, or as specified technologies. "Land disposal” includes
placement in a landfill, surface impoundment, waste pile, injection well, land treatment
facility, salt dome formation, salt bed formation, underground mine or cave, or
placement in a concrete vault or bunker intended for disposal purposes.
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APPENDIX B
General Media-Specific Inspection Procedure_s.
Clean Water Act ("CWA")

A. Some CWA basics.
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Pursuant to the CWA, the USEPA has established national water
quality goals. The CWA' seeks to meet those goals by reduction in
water pollution through prohibiting most discharges of pollutants
without a permit (33 U.S.C. §1311)."" Discharges directly into
municipal treatment plants are subject to CWA pretreatment
standards. Reporting and clean-up requirements for oil spills and
hazardous substance discharge into waters, pollution from
agricultural runoff and Wetlands restrictions are also covered under
the CWA.

"%formerly the Federal Water Pollution Control Act, 33 U.S.C. §1251 et seq.

""Permit discharge limits are imposed upon industrial and municipal facilities based
upon effluent guidelines (by industry) for specific pollutants, performance requirements
for new sources and water quality limits. Timetables and schedules for construction
and installation of necessary pollution control equipment and discharge of dredge and
fill materials in waters are also addressed through CWA permits.
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Section 402 of the CWA established the National Pollutant
discharge Elimination System ("NPDES") program, requiring all
"point sources"'? that discharge pollutants’ into navigable waters'
to achieve certain effluent limits by specific deadlines.

B. Pre-inspection investigation.
CWA ihspectors will be familiar with the facility's discharge permit,
permit application, discharge monitoring reports ("DMR's"),
treatment plot plans, and any other required plans and documents.
C. Field inspection - wastewater compliance components.

1. Control and treatment systems.

Both record review and on-site inspection will evaluate
wastewater control and treatment systems for compliance

?defined in 33 U.S.C. §1362(14) as "any discernible, confined and discrete
conveyance." '

Bproadly defined in 33 U.S.C. §1362(6) as including such potential multimedia
substances as, "dredged soil, solid waste, incinerator residue, sewage, garbage,
sewage sludge, munitions, chemical wastes, biological materials, radioactive materials,
heat, wrecked or discarded equipment, rock, sand, cellar dirt, and industrial, municipal
and agricultural waste discharged into the water."”

“Although USEPA's regulatory authority reaches waters that are actually
navigable, as well as streams that are tributary to navigable waters, interstate waters
and any other waters that have some impact on interstate commerce (CWA 8502(7)
defines "navigable waters" to include "waters of the United States"), the USEPA
generally does not extend its authority to groundwater. However, lllinois has enacted
the Groundwater Protection Act (415 ILCS 55/1 -9, P.A. 85-863, effective September
24, 1987, and the Groundwater Quality Standards, 35 lll. Adm. Code Part 620,
effective November 7, 1991, promulgated pursuant thereto.
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with permit conditions and administrative and court orders.
Inspectors will examine the facility in order to:

a.

Identify any wastewater discharges directly into a
receiving body of water not covered by an NPDES
Permit.

Determine whether the facility's off-site wastewater
treatment is required to meet pre-treatment standards.

Determine whether any on-site wastewater treatment
plant is adequate in size and has the appropriate unit
processes to adequately treat the wastewater generated
at the facility.

Determine whether wastewater generated at the facility
is adequately controlled, recycled, directed to
wastewater treatment plants, and discharged through an
outfall regulated by an NPDES Permit.

Determine whether the facility has exceeded its NPDES
Permit limits by reviewing DMRs and facility operation
records.

Self-monitoring systems.

Self-monitoring systems include flow and water quality
measurements and sampling, in addition to NPDES Permit
required laboratory analysis of water samples. Approved
sample handling procedures are outlined in 40 CFR 136.3(e).
CWA inspectors confirm that any sampling and flow
measurements required by the facility's NPDES pre-treatment
permit are properly obtained. Laboratory analysis and sample
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handling procedures, QA/QC, resulting data and record
keeping methods are evaluated, and laboratory results are
compared with DMRs sent to the Agency.

Operation and maintenance ("O&M").

Most NPDES discharge permits require proper facility operation
and maintenance (40 CFR 122.41(e)).

a.

Inspectors review records and visually inspect
wastewater treatment processes to evaluate whether
proper operation exists, specifically noting whether
wastewater appears in any treatment units, including the
presence of foreign materials (e.g., solids, grease, scum,
vegetation growth, suspended materials, and oils).
Existence of unusual odors will be noted.

Inspectors examine handling, treatment and disposal of
sludge and other residue generated from wastewater
treatment processes. '

The inspection includes a review of equipment
maintenance records and visual observation of the
apparent condition of the equipment.

Inspectors will look for the cause of any wastewater
treatment processes that are out of service.

Best Management Practices ("BMP").

Agency inspectors determine whether the facility handles any
toxic materials and whether a BMP plan is required by either
an NPDES Permit or pursuant to 40 CFR 125, Subpart K.
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Inspectors will review any required BMP plan, any required
related records, and determine whether the facility is adhering
- to the plan.

5. Spill Prevention Control and Countermeasure ("SPCC") Plan.

a.

Agency inspectors determine whether the facility is
required to have an SPCC Plan,"® whether the plan is
properly certified by a P.E., and whether the appropriate
facility official has certified the plan's implementation.

Visual observations are made of all regulated tanks and
equipment covered by the SPCC Plan, including |

containment and run-off control systems.

Visual evidence of spilled materials is investigated.

Ancillary records, such as spill reports and tank and
piping inspection reports, are examined by the
inspectors.

SPCC Plan required' personnel training procedures may be
reviewed.

'SA facility is required to develop and implement an SPCC Plan pursuant to 40 CFR
112 for storage/handling and spill control of specified substances if it stores oil and/or
oil products and (a) underground capacity exceeds 42,000 gallons, (b) aboveground
storage capacity exceeds 1,320 gallons, (c) any single aboveground container exceeds
660 gallons, or (d) a spill could conceivably reach a "navigable water."
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APPENDIX C
General Meaia-Specific Inspection Procedureé |
Clean Air Act ("CAA")
A. Basic Clean Air Act ("CAA") Provisions:

1. First enacted in 1955, and amended several times over the
years, the CAA provides the federal statutory basis for air
pollution control regulations. The CAA Amendments of 1970
form the basis of current State and Federal regulation of air
pollution. CAA 8109 established national ambient air quality

“standards ("NAAQS") (40 CFR 50), and required states to
submit state implementation plans ("SIPs") designed to
achieve the NAAQS to USEPA for approval. Upon approval
the SIPs became federally enforceable. |

The 1977 CAA Amendments established a permit program for
major. new sources in order to achieve the NAAQS, with
differing permit requirements, dependant upon whether the
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source was located in a non-attainment area (i.e., an area not
meeting the NAAQS ), or an attainment area (i.e., an area
meeting the NAAQS). Permit requirements for attainment
areas are part of the prevention of significant deterioration
("PSD") program. |

Additionally, CAA 8111 sets air emission performance
standards for new stationary sources, known as New Source
Performance Standards ("NSPS") (40 CFR 60), which are both
source-specific and pollutant-specific. Certain sources are
subject to requirements of continuous emission monitoring
("CEM") and continuous opacity monitoring ("COM").

Pursuant to CAA §112 (1970 ‘Amendments), USEPA

- developed standards for hazardous air pollutants, known as
- the National Emission Standards for Hazardous Air pollutants

("NESHAPs") (40 CFR 61), for both new and existing sources.

The CAA Amendments of 1990 established a new program,'
amending CAA 8112 to essentially replace the NESHAPs with
Title Il - Hazardous Air Pollutants ("HAPs"), listing 189 HAPs
and requiring USEPA to set standards for HAPs emitting
sources beginning in 1992, to be ‘completed by 2000.
Additionally, Title V of the 1990 CAA Amendments
established a federal standard permitting program to be
implemented by the states by November 15, 1994, and Title
VIl enhanced USEPA's enforcement authority, providing
criminal penalties for CAA violations and allowing the USEPA

to enforce SIP and state permit violations if the state fails to

act.

Title Il of the lllinois Environmental Protection Act ("ACT")
(415 ILCS 5/8 - 10), together with Subtitle B of Title 35 of the



Executive Enterprises

Environmental Regulatory Course
Daniel P. Merriman - CEMRI Outline
December 3, 1993 '
Page 53

B.

lllinois Administrative Code (35 Ill. Adm. Code Parts 201 -
245), provide the lilinois State regulatory structure for air
pollution control. Section 9.1 of the Act incorporates the
requirements of Sections 111, 112, 165 and 173 of the CAA
(42 U.S.C. 887411, 7412, 7475 and 7503) into the lllinois
regulatory scheme.®

Pre-CAA inspection activities:

1.

2.

Review SIP and relevant state air pollution control regulations.

Review air construction and operating permit conditions and
any administrative or court orders relevant to the facility.

Review recent prior inspection reports.
Check recent CEM and COM reports, the facility's volatile

organic compound ("VOC") emissions inventory, Title lll Form
R's, and other required reports. '

'With some minor exceptions, and the larger exception of the lllinois Air Toxics

Program (based upon 89.5 of the Act), the lllinois regulatory scheme generally parallels
the CAA Federal program. Although each state's SIP can differ in how it reaches the
NAAQS, with the implementation of the CAA 1990 Amendments, the lllinois program
is becoming more and more identical with its Federal counterpart.
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5.

Review facility plot plans, and descriptions, flow diagrams and
air emission source control equipment.

. C. Typical CAA inspection activities:

1.

Observe air emission control equipment in operation, evaluate
condition of equipment and maintenance history.

Visual opacity check by certified smoke readers of visible
emission observations ("VEOs") (cf. 40 CFR 60, Appendix A,

EPA Method 9 for noncompliance documentation).

Comparison of actual continuous emission monitoring (CEM) -
measurements with VEOs to check compliance with NESHAPs,
NSPS and SIP.

Verification that all emission sources have necessary permits.
Review of calibration procedures for CEM/COMS (40 CFR 60).

Observation of process and control equipment during operation
to ascertain permit condition compliance.

Perform on-site record review of process operating and
monitoring records, CEMS/COMS certification tests, source
test reports, equipment malfunction reports relating to excess
emissions, fuel analysis reports, and any other reports or
records required by SIP, NSPS and NESHAP and HAPs
regulations. '

Observe whether any indicators of likely violations are present.
(Eg., Does the facility contain a coating or printing operation?
Are strong solvent odors present? Are lead, asbestos,
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beryllium, mercury, vinyl chloride or benzene by-products
produced or used by the facility? etc.)

NOTES
Toxic Chemical Release Inventory - Form R

SARA - Two important classes of reports
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Form R's due July 1st for each priQr calendar year.

Relates té releases into air, water dh land of certain listed toxic chemicals
Form R required if:

- > 10 full time employées

- facility Site Code of 20 - 39

- and either .
- manufacturers or processes > 25K Ibs. of any listed toxic

chemical within a calendar year, or
- otherwise uses > 10K Ibs. of any listed toxic chemical

Tier | and Tier |l reports due March 1st for the prior calendar year.

- relates to storage over threshold level of "extrememly" hazardous
chemicals within calendar year ' ‘

>RCRA GENERATORS
Generator defined in 40 CFR 260.10
Certain generators are exempt from requirement to have RCRA storage permit
LQG's that otherwise meet "safe storage gonditions" of 40 CFR 262.34(a) and

accumulates less than 55 gal. of hazardous waste or less than 1 qt. of acutely
hazardous waste, or, if more than that quantity,

accumultes it for no more than 90 days on-site

LQG = produces > 1K kg. (2.2K Ibs.) of hazardous waste in any calendar month,
or

produces or accumulates in any calendar mo’nth, or accumulated at any
time 1 kg. of "RCRA acute hazardous waste (i.e., any "P" listed
hazardous waste or F020, FO21, FO22, F023, FO23, F026 and F027
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SQG = generates < 1K kg. if hazardous waste in a calendar month (40 CFR
260.10) ‘
RCRA permit exempted if do not accumulate hazardous waste > 180
days (270 days of have to ship it > 200 miles for TSD), and if SQG
otherwise meet the "safe storage conditions” (40 CFR 262.34(f))

CESQG =

EXEMPTIONS FROM "SOLID WASTE DEFINITION"

materials that are reclaimed f(i.e., processed to recover a useable product, e.g.,
recovery of lead products and regeneration of spent solvents) (40 CFR 261.1(c)(4))

materials that are recycled

materials that are secondary materials (reclaimed and returned to the original process
in which they were generated where they are reused in the production process)
(involves only tank storage, and material cannot be reclaimed, and within calendar
75% of the accumulated material must be returned to the production process (40 CFR
261.4(a)(iii)) - see 50 Fed. Reg. 619 (01/04/85)

materials that are not discarded and therefore not a "waste"

materials that constitute petroleum contaminated media
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. B-1: Ohie Fish Species Besignations

The Index of Biotic Iategrity {IBI) requires that fish species be classified
by their trophic and environmenial iolerance status. The modified iwb also
requires that highly tolerant species be designated. Table B-1 represenis
these designations of Dhio fish species. These are used in the Fish ,
Infermation System (FINS) which is a computer system designed by Ohio EPA to
analyze and store fish communﬁty relative abundance data.

The designations are based on a review of the literature according to the
guidelines recommended by Karr et al. (1986). The designations for -
environmenta) tolerance are based on an examination of the Ohio EPA statewide

data base and Trautman {1981). The rationale and method for doing this 4s
explained below. .

Designation of Fish Species Talerances.

In an effort to obtain an objective ranking of environmental tolerances for
Ohio fish species the meéthodology Suggested by Karr et al, (1986) was
modified. Previous efforts to rank fish species tolerances have relied
heavily on the subjective. opﬁn%on and information contained in regional
jchthyological texts. MWhile such information is of value 1t ts largely
subjective and quaiitative and can result in incorrect species telerance
designations. Ohio EPA has the benefit of a large data base {approximately
2000 sites sampled since 1979) that consists of quantitative relative
abundance data generated by standardized sampling methods. A wide vartety of
environmental conditions from Jeast impacted to severely degraded including
both point and nonpoint source impacts and habitat modification have been _
assesseé Stream and river sizes range from headwater sites {less than 20 sq.
. drainage area) to the largest mainstem rivers.

The use and interpretation of the Index of Biotic Integrity (IBI; Karr 1887;
Karr et al. 1986) and the Modified lndex of Well ~Being {Iwb; Appendix C)

both require that: into?erant or tolerant designations be made, This reguires
a fundamental knowledge of the sensitivity of Ohio fishes to environméntal
disturbances. Regional fish references {e.g. Trautman 19871; Becker 1983}
frequently discuss species tolerance to varicus chemical and physical
disturbances, but rarely use quantitative catch data to assign or rank a :
particular species as tolerant or 4ntolerant. The results of laboratory
biloassays, historicai distribution records, and personal observation {i.e.
*pest professional judgement™) are generally relied on to assign tolerance
rankings. 1t is belleved that by using the Ohic EPA data base and the
observations of Ohio EPA field bioJogists the assignment of species tolerances
could be accomplished with the aid of quantitative data. A representative
subsample of the Ohic EPA data base was used to develop species itplerance
rankings for use with the 18I and modified Iwb.

The operating defﬁnition of an intolerant species 1s one that "should have

disappeared, at least as a viable population, by the time the site has been
gegraded to the ‘fair' category™ (Xarr et al. 1988). Therefore, specles

B-3
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designated as intolerant 4n Ohto have been observed to respond negatively to a
wide variety of disturbances, not just one or two specific types. Table B}
summarizes the criteria that were used to determine intolerance/tolerance. We
also relied on Trautman (1981) for historical changes in the distribution of
certain species that were not abundant in our data base. This was most
helpful for interpreting the application to smaller streams where Iwb has
Vimited usefulness. The Ohio £PA catch data {1979-1985) was used for the.
numerical analyses. Only those sites sampled three times during each season
{(mid-June to mid-October) were used. The Index of Well-Belng {lwb) was used
as a measure of overall anvironmental condition 4n this analysis. The Sth,
25th, 75th, and 95th percentiles, and median Iwb was calculated for each
)ocation at which a particu?ar species was captured (Table B-2). Data
generated by wading and boat methods were analyzed separately, only wading
methods results are shown in Figure B-7,

& mean Ivb value was caltu]afed for each species, welghted by relative
abundance, to provide an init1a) estimate of intolerance/tolerance. The more

intolerant a species, the more skewed its relative abundance should be toward
the higher Isb values. Weighted Iwb values were ca1cu1ated as:

vy = (N4 X DIwy}/ N, where;

Ivbw = mean weighted lwb,

Ny = relative abundance of species A at site ¥,

iu§1 = Iwt value at site 1,

N = :sum of relative abundance of species A at all sites.
" The box-and-whisker plots for each species in Figures B.1 through 8-3 present
the range (with outliers), 25th and 75th percentiles, median, and weighied
mean (triangle symbol}, as follows:
r—- Range
78%ile

- Median

Outlier
o~ uthe

The species which were designated intolerant are those for which sufficient
relative abundance data was available and/or those which met the criteria. in
Table B-1. Species considered to be intolerant based on criteria other than
the Ohio EPA data base are designated as “rare intolerant” or °special
intolerant”. Species with these designations fall into several categories.
These include species associated with larger rivers and heavy vegetatton (e.g.
river darter, pugnose minpow), species with restricted geographic
dﬁstributions {e.g. longhead darter), endangered species (e.g.

B-2



st

ot . -0051e/0000¢ Users Manual October 30, 1987

Procedure No. HgﬁA SWS-6  Date Issued ~131/02/87 b
Revision No. | _ * Effective 11702787 ok

Table B-1. Criteria for inclusion of species on the Ohio EPA intolerant and
tolerant species lists.

Intolerant Criteria

1} A distinct and rapid decreasﬁng trend in abundance with. decreasing water
and habitat gquality (based on graphica? analysis).

2) Abundance skewed towards sites with high Iw scores (which 13
reflected in higher weighted Twb scores).

3) Absenceé of species from sites with Isb <6. 0 few sites <7.0, and the
majority of sites >8.0.

4) ‘A significant historical decrease in distribution {based on Trautman
1881).

Tolerant Criteria

1) Present at a substantlal number of sites with Lws values <6.0.

© 2) Lither no change or a historical 1ncrease in abundance or d%strﬂbutﬁon
{based on‘Trautman 1981).

3) A shift towards community predominance with decreasing water and habitat
guality. ‘

B-3
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Table B-2 Mean weighted 1wb, species richness, and Shannon diversity. (E) for all

species captured by the DEPA with the sport yak electrofishing method.
Only data with three passes, data collected after 1577, and data
tollected with guantitiative methods (weights taken) were. included.
Percentiles were not caleulated for species where no. of site was <§.
Data 1s soried from lowest to highest weighted Iwb.

~ Mean - Maan Koan No. Ho. :
Species wt'd wWH'd; ¥i'd of of. Percentifes
Coda Iwhs Species  Shannon  Sites Fish. Sth 1GR 25th Fth 25%h
5,001 6.65 3.6 R T 24 364 4.89 1.73 6.23 9,14 7.96
45,045 6.95 18.7 .73 8 19 2.05 , .9 7.18 8.21 8.0
34,001 7.18 16.8 i.64 60 1276 5.49 2.06 6.46 10.02 8.51
80.023 7.32 16.84  1.62 15 a2 5B4 2.01 7.46 9.93 9.47
40.003 7.34 20 1.72 t 8 . * * * *
43.007 7.59 21.2 1.58 27 303 3.32 1.88 6.25 9.15 813
47,005 7.68 9.9 1.97 81 626 5.69 2.3 6.73 9,94 9.04
406 2.7 17.4 1.81 12 309 5.84 .28 7.1 9.07 6.4
77.007 7.72 21.8 2 5 254 5.69 2.34 6.68 10.25 .02
77.013 7.82 20.9 1.9% 103 1590 5.56 1.94 6.68 9.94 8.62
4. 105 7.87 - 744 1.82 47 488 7.08 1.42 8.35 103 §.77
43.013 7.93 20.68 .74 259 4403 4.83 t.9 7.0 10.03 9.02
43.003 7.96 20.4 1,81 53 420 5.69 1,61 6.78 9,31 ‘B.4
37.001 7.97 3.2 2.3 86 1044 5.69 1.94 7.29 9.5  -8.88
77.001 7.99 234 2.01 %0 477 5.83 173 7.22 10,19 8.9
43042 7.9 17,3 1.7 80 4306 4.54 1.7 6.69 9.62 8.4
43.012 8.02 * : * . * . 4 ) U
01.002 B.04 24 "2.47 1 2 * * . s
77.008 8.09 22.7 1,93 282 17393 4.83 1.94 7.08 '9.94 1901
43.011 B.12 19.9 .76 108 as62 4.89 1.9y 7.1 9.9% 9,04
54.002 8.13 21.6 1.9 45 1167 4.83 1.6 7.62 10.19 .23
40.016  B.17 222 1.82 263 32033 5.49 .81 7.21 6.0 9.02
43,00} 8.25 23.9 1.96 182 3711 5,49 t.74 7.46 10.19 9.19
47.003.  8.25  22.5 1.57 220 4739 5.68 1.5 7.4 9.8 8.9
§0.003 8.26 25.88 1.96 9 23 6.84 2.08 S 7.08 9.36 9.16
43.026  8.27  20.1 1.87 39 2925 6.1t 105 7.29 939 B.34
77.009 8.3 = 25.57 2.08 229 7478 4,96 1.9 7.1 10.13 - 9.02
77.010 8.37 23.48 1.89 3 939 '1.07 1.42 7.7 10.03 9.17
37.003 8.38 23.5  2.02 8 47 7.46 114 7.54 9.24 8.68
47.013 8.43 2373 1.84 18 150 7.21 .86 8.15 9.62 9.01
47.006 8.44 22.78 2.02 71 405 7.07 1.46 7.62 .62 9.08
#5.001 8.44 21.04 1.88 92 - A550 5.56 1.35 7.79 9.94 9.14
80.014 8.47 22.9 2.03 206 7555 6.46 1.32 7.81 10.16 9.2
43,014 8.48 20.7 195 7 238 * * * * -t
77.002 8.5 23.76 2.9 a7 209 6.21 1.58 7.5 10.31. 9.08
25,00 8.5 20.1 1.92 8 85 * . * + *

B4
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Moan  Hasn Koan No, No.
Specins W4 WH'd ¥i'd of of - Porcontiles
Codo o $pecias  Shamnon  Sites Fish Sth 108 - 25th $5th 25th
70.001 8.53 35,2 2.35 i3 144 7.05 77 B8.46 10.3 9.24
90.002  8.54  201.3 1.93 58 4547 6.66 .92 8.02 -~ 9.77 8.94
40.006 8.54 % 2.5 I ! . e * s .
43.039 8.55 25.34 2.02 14 . 6748 6.64 1,32 8.06  10.25 9.39
01.006 8.59 20.4 2.0t 10 659 2.73 .65 B.8  10.71 .51
43,023 8.59.  22.6 2.02 ) 027 6.9 1.23 7.55 9.47 8.79
01.007  8.5%  20.38 2,02 10 659 6.39 87 7.87 9,14 | 8.74
40.018 8.6 29.2 2.24 39 ") 7.46 i.13 843 9.7 9,26
43,033 8.6 20,39 1.74 10 1520 2 . * ; "
80.007  B8.64 35 .2.64 I 4 * . * ) s
43.030 - 8.65 , ’ ! 7 . 1 s * s
80.004 8.68  36.5 2.3 5 9 * + * * .
25.002 8.69 19.25 2.05 & 258 * s * - *
43.043 - B8.69  .26.6 2.04 273 5811 5.6 1.61 7.46 10.03 9.06
43.017 8.1 2.9 2.02 16 221 6.84 .95 8.05 9.49 9.04
43.041 872 . e 2 17 + « a1 * *
43.004 874 2133 2.28 23 sl 7.46 1.19 1.89. 9.8 9.08
80.005  8.76  27.6 2.23 85 1400 7.2t L9 8.04 9.86 9.23
43.035 8.82 27.6 2.27 27 1161 7.66 b3 B.42 103 9.72
43.020 8.86 35.3 2.31 47 4041 7.07 1.24 7.96 10.25 9.2
20.00% 8.84 28.5 2.21 92 5639 2 * L} #
74,001 8.89 4 . 2 2 * * ¥ s
43.012 8.9 32.6 2.3 33 %0 7.07 9 8.3% 103 9.2
43.015 8.9 29.8. 2.2 47 1335 7.03 1.48 7.69 10.25 9.37
77,003 8.94 28,28 2.24 193 6567 6.54 1.22 8.04 0.9 9.26 L
17.006  8.95 32 2.31 14 43 B.13 72 8.54 9.6 9.26 i
80.022  B.9%  28.06  2.28 139 5461 7.46 105 8.3%  10.29 9.39
43.006 8.97 38 2.46 | ] » ] . 3 *
77.005 897 35.2 2.3 39 753 7.56 .93 8.58.  10.3 9.5
43.044 8.98 27 2.12 234 3467 5.49 1.58 7:6 10.13 9.18
80,024 9 7.7 2.22 149 6764 7.07 1.09 8.22 10,29 9.31
77.014 9.01 32.9 2.3 85 5035 7.03 1.05 8.49  10.28 9.54
47.007 $.08 35.6 2.3 4 22 8.07 .08 9.16 9.24 9.24
43.032 2.04 32.3 2.22 (7 5238 6.65 1.2 8.3 103 9.54
63.001 9.04 36,89 2.2 20 508 7.57 .93 8.39 9.67 9.31
89.004 9.05 39.13 2.44 5 56 * * e . *
43.007 9.08 28 2.43 9 282 7.46 .2 8.35 9.77 8.54
80.015 9.1 2.3 2.3 170 11059 7.03 1.27 8.0% 10.25 9.33
43.025 9.12 28.2 2.2 195 28068 6.25 1.3 7.95 10,19 9.25
23,031 9.13 37.7 2.46 13 216 4.53 7 8.54 9,51 '9.24
47.002 913 3% 2.44 52 396 6.86 1.4

7.61 9.66 9.2
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POSMELEL AR A0,

Hoan  ¥ean Hoan Ko, Ho.
Specins Witd wWi'd w'd of of Parconti los
Codo- fwb Species Shannon  Sites Fish 5th IoR “25th 95¢h 25th
80,013 9.14 44 2.68 H 9 + ¥ 1 * "
£0.013 9.4 44 2.67 f 2 3 - * ¥
43,008 9.15 38.4 2.5 3 I5 2 ¥ . 4 .
40,015 9.15 30. 2.3 184 15829 7.46 .13 B.1& 10:19 9.29
A0.008  9.16 35.% 2.54 A6 296 755 1.0% B.49 10.3 9.5
40.01} .17 35.6 2.5 19 242 7.82 72 8.52 10.19 9.24
43,028 .. 9.18 27.34 2.1% 13 -1860 8.13 49 8.54 5.8 9.23
47.008 9.19 32 2.4 88 1433 7.07 1,16 8.38 19.3 9.54
01.003 9.2 & . 2.68 1. 1 4 s * ) *
A3.034 $.25 31.03 2.31 127 1125) 7.07 1.29 8.22 10.29 9.51
80.020  9.25 3.0z 2.55 3 83 ' 4 ’ . .
80.002 9.26 38.05 2.71 3 5 ) * * ¥
80.011 9,31 . 333 2.4 12 1494 7.09 (.1 8.39 10.3 9,49
37.004 9.31 38 2.57 1 1 1 * + * o
43.005 9.33 3.2 2.32 45 5649 759 1.34 8.46 10.39 9.8
43,021 9.33 33.1 7.44 73 2101 7.91 1.06 8.58 10.31 9.64
80.017 9.34 33.5 2.5i 34 1793 7.59 1.74 8.38 10.41 10,13
77.004 $.34 32.1 2.%9 38 3623 7.43 1.07 8.36 10.29 9.43
80.016  9.38  34.1 2.42 94 212 7.58 1.08 8.46 10.3) 9.54
80.019 9.39 30.% 2.61 3 51 g s . . »
40.007 9.4 35,13 2.5 2 5 % * . . .
10.004 9.46 39.% 2.67 "4 8 4 1 4 +
40.010 9,48 33.6 2.44 13% 5522 7.38 .42 8.39 10.29 9.5
15.001 4.5 35 2.43 i b s * . * .
43,022 9.54: 33.4 2.41 65 6045, 7.59 . B.5 10.34 9.61
as. 9.72 33.9 2.55 15 29 6.63 1.3 B.79 10.41 10.16
40.00%  9.88 3500 2.49 59 2108° 7.88 1.07 8.86  10.% 9.93

B-H
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tlue sucker, tonguegied minnow), and species requiring special habitat

conditions (e.q. blackchin shiner). Some species in this group (e.g. crystal
darter) fall into most of these categories.

The intolerant desﬁgnation (inc1uéing "rare" and “special®) is predominated by
minnow, sucker, catfish (madtoms), and darter species. Populations of many of
these species have been negatively affected by environmental perturbations in
Ohto {Trautman 1981).

The moderdtely intolerant designatton includes species which are commonly
observed and strongly associated with healthy fish’ ‘communities, but are
occasionally recorded from areas that are slightly degraded. Sucker, minnow,
and ‘darter species predominate this category. Two sunfish species appear in
.this ‘grouping, the first appearance for this family Yn-the classification
scheme. Intolerant and moderately intolerant species are together considered
as.a broader group termed “sensitive”. This designation replaces the
intolerant metric in the Headwaters version of the IBI.

The largest grouping of Ohio Fish species is the. 1ntermediate tolerance
ranking. A1l gar, temperate basses, most pickerel, sunfish, and sculpin
species fall into this classification. A1) species far which adequate
information was avatlable and which did not display a tendency toward
association with a high or low 1w, or environmental degradation were
classified intermediate. Also, species which Tacked any information,
quantitative or atherwise are p1aced in this designatian,

The féwest species were classified as tolerant and moderately tolerant. Seven
$pecies are designated moderately tolerant and inc1ude those which can '
‘maintain viable populations in highly degqraded areas. Thirteen species are
considered tolerant because they have the ability to survive and even prosper
4n-.areas of signifﬁcant environmental stress.

s S G S o R R I P R S e I T S 5 S e S e e et

‘In-general the more 1nta1erant 3 species the more spéciatized 95 1ts feeding
behavior. 1In contrast tolerant and moderately tolerant species show feeding
p]asticﬁty and are either omnivores or generalist. feeders. {1.e. they can
change feeding strategy with changing environmental conditions). Distinctions
can also be made with spawning behavior. lIntolerant species tend to exhibit
less parental care and generally spawn in the sands and gravels of riffle
habitats {i.2. simple lithophilic spawners). Tolerant species display nest
quarding behavior, have adhesive eggs which adhere to objects, pelagic eggs
that drift, or lay their eggs on the undersides of submergad objects.

B-7
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Figure B-1. Box-and-whisker plots showing the maximum, minumum, 25th and
75th percentile, median, and outlier lwb values (weighted for
relative abundance) for species designated as tolerant and
moderately intolerant.
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and outlier Iw values {welghted for

relative abundance) for species designated as intermediate in

their tolerance.

Intermediate Tolerance

B-%

75th percentile, median,

Figure B-2. Box-and-whisker plots showing the maximum, minumum, 25th and
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Figure B-3. Box-and-whisker plets showing the maximum, minumum, 25th and
75th percentile, median, and outlier lwb values (weighted for
relative abundance) for species designated as intolerant and
moderately intolerant.
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Table B-3. Designation of Uhio fish specles for the purposes of the index of
Biotic Integrity, the Medified Index of wWell.Being {Iw}, and
the Fish Information System {(FINS). Explanation of tolumn
headings appears at the end of the table.

FINS ~ Spe Feed 181 Riv Brd Hab
Code Species Grp Build TOL 6rp Size Bld Pref Family
01001  Silver lamprey 0 P - - L N B Petromyzontidae
03002 Northern brook lamprey it} 2 R - - N P Petromyzontidae
01003  Ohio lamprey 0 P S - - N 6 Petromyzontidae
01004 MHountain brook Tamprey 0 F- 5 - - N P Petromyzontidae
01005 Sea lamprey . D P - £ - N 8 Petromyzontidae
01006 Least brook lamprey 0 F - - H N P Petromvzoniidae
01007 American brook lamprey 0 F R - H N P Petromyzontidae
04001 Paddlefish ’ 0 f §. - L S 8 Polyodontidae
08001 Lake sturgeon 0 v - - L S B8 Acipenseridae
08002 Shovelnose sturgeon 0 1 = - L S P Acipénseridae
10001 Alitgator gar L P = - L N P Lepisosteidae
10002 Shortnose gar L P - - L ] P Leplsosteidae
10003 Spoited gar L p - - L M P Lepispsteldae
18004 Longnose gar L P - L ] P Lepisosteidae
15001 Bowfin 0 P - - - C P Amiidae
18007 Goldeye W I R - L M B Hindontidae
18002 HMooneye W 1 R - L ] B Hiodontidae
20007  Skipjack herring W S - - L ] B Clupeidas
20002 Alewife 0 - - E - M P Clupeidae
20003 Gizzard shad 8s 0 - - - M P Clupeidae
20004 Threadfin shad &5 0 - - L B p  Clupeidae
25001 - Brown trout SA - - E - N B Salmonidae
25002 Rainbow trout - SA - - E - N 8 Salmonidae
25003 Brook trout SA - - - - H 8 Salmonidag
25004 1Lake trout SA p - F - N P Salmonidae
25005 Coho salmon : SA - - B - N P Salmonidae
25006 Chinook salimon Sa - - £ - N P Salmonidae
25007 CAsco ar Lake Herring WF - - - - M P Salmonidae.
25008 Lake whitefish Wi v - - - M P S3imonidae
30007 Rainbow smelt 0 - ~ - - ] P QOsmeridae
34001 Central mudminnow T 1 T - - C ¢ Umbridae
37001 Grass pickerel P P P - - M P Esocidae
37002 Chain pickerel p p - F - M £  Esocidae
- 37003 Northern pike P P - F - M P Esocidae
37004 Muskellunge PP F - M P Esocidae
37005 N. Pike x Muskellunge P P E - - - Esocidae
37006 Grass P. x Chain P. PP - F - - - Esocidae
40007 Blue sucker R I R R L S R Catostomidae .
40002 Bigmouth buffalo C 1 - c L K p  Catostomidae o
40003 Black buffalo ¢ 1 - ¢ L K P Catostomidae :
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FINS

Spc  Feed 181 Riv Brd Hab

Code Species Grp  Guild TOL Grp Size 6ld  Pref family
40004 3Smallmouth buffale ¢ 1 - c L H P Latostomidae
40005 Quillback cC 0 - ¢ - M P Catostomidae
40006 River carpsucker C 0 - ¢ L M P Catostomidae
40007 Highfﬁn carpsucker C ] - C L K P Catostomidae
40008 Silver redhorse R 1 M R - S P Catostomidae
40009 Black redhorse’ R 1 I R - S P Catostomigae
40010 Golden redhorse R 1 M R - S P Catostomidae
40017 Shorthead ‘redhorse R 1 M R - S5 P Catostomidae
40012 Greater Teghorse R 1 R R - 5 P . Catostomidae
40013 River redhorse R 1 1 R S B Catostomidae
40014 Hare?ip sucker R - s R - S P Catostomidae
40015 Northern hog ‘sucker R 1 K R S R . Catostomidae
A0D16 wWhite sucker R 0 T W S B Catostomidae
40017 Longnose sucker R 1 - R - S P Catostomidae
40018 Spotted sucker R 1 - R - S P Catostomidae
40019 Lake chubsucker R 1 - R - | p Cafostomﬁdae
40020 Creek chubsucker R 1 - R P M P Catostomidae
43001 Common carp G- 0 T G - M p gggrini ag
43002 6Goldfish G 0 T 6 - M P Cyorinidae
43003 Golden shiner R i T N - M P Cyprinidae
43004 Hornyhead chub M 1 1 N - N B Cyprinidae
43005 River chub o1 1 N - N 8 Cyprinidae
43006 Silver chub M 1 - N L K P Cyprinidae
43007 Bigeye chub ‘ M 1 1 K - S R Cyprinidae
43008 Streamline chub M 1 RN L $ R Cyprinidae
43009 Gravel chub K 1 L] N L S R Cyprinidae
43010 Speckled chub H 1 S N L M R Cyprinidae
43011 Blacknose dace ] 6 T N H S R Cyprinidae
43012 Longnose dace K 1 R N - S R Cyprinidae
43013 Creek chub M 6 T N P N B . Cyprinidae
43014 Tonguetied minnow M 1 5 N - N P Cyprinidae
43015 Suckermouth minnow M1 - N - $ R Cyprinidae
43016 Southern redbelly dace ] H - N H S B Cyprinidae
43017 Redside dace M 1 I N H S P Lyprinidae
43018 Rosyside dace o1 5 N H & ¥ Cyprinidae
43019 Pugnose minnow N 1 R N - M P Cyprinidae
43020 Emerald shiner N 1 - N - S P Cyprinidae
43021 Silver shiper N 1 1 N ~ S P Cyprinidae
43022 Rosyface shiner N 1 1 N - S R Cyprinidae
43023 Redfin shiner N 1 - N - N P Cyprinidae
43024 Rasefin shiner N 1 M N - 3 P Cyprinidae
43025 Striped shiner N 1 - N - $ 8 Cyprinidae
43026 Common shiner N 1 - N - S P Cyprinidae
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FINS ‘Spc feed IBI Riv Brd Hab

Code  Species Grp Guild JOL Grp Size Gld Pref Family
43027 River shiner N I - N L S P Cyprinidae
43028 Spottail shiner B I P N M P, Cyorinidae
43029 Blackehin shiner ] 1 5 N - M P Cyprinidae
43030 Bigeye shiner N1 R N - $ B Cyprinidae
43031 Steelcolor shiner N 1 P N - M P Cyprinidae -
43032 Spotfin shiner N1 - N - M. B Cyprinidae
43033 Bigmouth shiner N 1 - N # B Cyprinidae
43034 Sand shiner N 1 MOON - M B Cyprinidae
43035 Himic shiner K1 1 N - M B Cyprinidae
43036 Ghost shiner K i - N L M P Lyprinidae
43037 Blacknose shiner N 1 R N - M P Cyprinidae
43038 Pugnose shiner K 1 5 N ® P Cyorinidae
43039 Silverjaw minnow # 1 - . N P H B <{Lyprinidae
43040 Mississippt silvery minnow W H - N - M P .Cypripidas
43047 Bulthead minnow | 0 - ) - ¢ P . Cyprinidae
43042 Fathead minnow M 0 7 N I 8 . Cyprinidae
43043 Bluntnose minnow H 0 T N P C B Cyprinidae
43044 Centra) stoneroller X B - N - N 8 Cyprinidae
43045 Common carp x Goldfish G 0 i .6 - - - typrinidae
43046 Popeye shiper R 1 s N - 5 P Cyprinidae
43047 Grass carp . & - - € - K B Cyprinidae
43048 Red shiner 1 - 4 - § P Cyprisidae
43049 Common x Rosyface Shiner 1] 1 - - - - = Cyprinidae
43057 Striped shiner/Stoneroller M - - - - - - Cyprindae
43058 Common shiner/Stoneroller H - - - - = = Cyprinidae
43059 Striped shiner/Horny chub M i - - - - -  Cyprinidae
43998 Hybrid Rinnow H - - - - - Cyprinidae
47001 Blue catfish FoC - F L ¢ P Ictaluridae
47002 Channel catfish F - - F - c P Ictaluridae
47003 White catfish Foo1 - E - ¢ p Ictaluridae
47004 Yellow bullhead F 1 7 - - c P Ictaluridae
47005 Brown bullhead Fod T - - € P Ictaluridae
47006 Black bullhead F 1 P - - C P Ictaluridae
47007 Flathead catfish - F P - F L ¢ B Ictaluridae
47008 Stomecat 0 1 1 - - ¢t R Ictaluridae
47003 Mountain madtom 0 1 R - - c R Ictaluridae
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Table B-3. (continued)
FINS Spc Feed I81 Riv Brd Hab
Code Species Grp Guild TOL 6rp Size Gid Pref Family
47010 MNorthern madtom 0 1 R - - c R Ictaluridae
47011 Scioto madtom 0 I S - - ¢ R lctaluridae
47012 Brindled madtom 0 1 1 - - ¢ B Ictaluridae
47013 Tadpole madtom 0 1 - - - € 8 Ictaluridae
50001 American eel 0 < - - - K ?  Anguillidae
54000 Western Banded ki111fish T 1 S - - H P ‘Cyprinodontidas
- 54001 tastern Banded k1113fish T 1 T 3 - M P Cyprinodontidae
54002 Blackstripe topminnow T g - % - M P Cyprinodontidae
57001 Mosquitofish 0 1 - £ - N P Poeciliidae
60001 Burbot 1} - - - - S B Badidae
63001 Trout-perch 0 1 - - - M P Percopsidae
68001 Pirate perch 0 I - - - M p ggjredoderidae
70001 Brook silverside 0 i H - - M P Atherinidae
74001 #hite bass W P - F L H P Percichthyidae
74002 Striped bass H- P - 2 - M P Percichthyidae
74003 White perch W - - E - M P Percichthyidae
74004 White bass x White perch W - - - - - Percichthyidae
74005 Striped bass x White bass M- - - £ ~ - - Percichthyidae
77001 wWhite crappie B - - S - c P Centrarchidae
- 77002 Black crapple 8 - - S - C P Centrarchidae
77003 Rock bass B c - s - C P Centrarchidae
77004 Smalimouth bass B ¢ H F - C P Centrarchidae
77005 Spotted bass B c - F - C P Centrarchidae
77006 Largemouth bass 8 c - Foo-" ¢ P Centrarchidae
77007 Warmouth s € - s - C P Centrarchidae
77008 Green sunfish S 1 T S P - C P Centrarchidae
77009 Bluegill S -1 P S - ¢ P Centrarchidae
77010 Orangespotted sunfish s 1 - S - ¢ P Centrarchidae
77011 Longear sunfish S 1 W S - C P Lentrarchidae
77012 Redear sunfish S 1 - £ - ” ? Centrarchidae
77013 Pumpkinseed S 1 P S - ¢ P  LCentrarchidae
77014 Bluegill x Pumpkinseed S - - - - - - Centrarchidase
77015 Green x Bluegill 3 - - - - - - (Centrarchidae
77076 Green x Pumpkinseed S - - - - - - Centrarchidae .
77017 tongear x Bluegiil S - - - - - Cenirarchidae :
77018 Bluegill x Orangespotted S - - - - Centrarchidae .
77019 6reen x Orangespotted it - - - - ~ Centrarchidae %
77020 Pumpkinseed x Longear S - - - - - - Centrarchidae s
77021 &reen x Longear S - - - - - - Centrarchidae .
77022 0O'spotted x Pumpkinseed S - - - - - - Centrarchidae 4
77023 Longear x Orangespotted S - - - - - - Centrarchidae i
71024 Green x Warmouth $ - - - - - - (Lentrarchidae §;
77025 wWarmouth x Pumpkinseed 8 - - - - - - Centrarchidae .
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FIRS Spt  Feed 181 Riv Brd Hab

Code __ Species Grp Guild TOL 6rp Size 61d Pref  Family
77988 Green Sunfish Hybrid s - - - - < Centrarchidae
77998 Hybrid Sunfish s . - - - - ~,  gentrarchidae
80007 Sauger v P - F L § P .Percidae
BOO02 Walleye v P - F - § P -Percidae
80003 Yellow perch v - .- - M P Parcidae
80004 Dusky darter D1 # D - S B Percidae
80005 Blackside darter T - 0 - S B Percidae
80006 Longhead darter D1 s 0 - S R Percidae”
B00G? Slenderhead darter D 1 R 0 L S 'R Percidae.
80008 River darter 2 1 - ] L $ R Percidae
BOODY Channel darter B 1 s & - 5 P Percidae
BOO1O 611t darter D 1 S D - § B ‘Percidae
80011 Logperch _ ] 1 M 5 - S B  Percidae
B001Z Crystal darter D 1 S b - S. R Percidae
80013 tastern sand darter b1 R 0 - S R Percidae
80014 Johnny darter o 1 - b € B Percidae
BO015 Greenside darter 0 1 H D S R . Percidae
80016 Banded darter B 1 1 0 - S R Percidae
80017 Vvariegate darter 1 1 1 ] - 8 R Percidae
80018 Spotted darter L] i R 0 - S R percidae
80019 Bluebreast darter i 1 R D - § R .Percidae
80020 Tippecance darter D I R D - $ R ‘Percidae
80021 1lowa darter p. 1 - D - M- P Percidae
80022 Ralnbow darter B 1 M D - S R Percidae
80023 Orangethroat darter b I - b P S B Percidae
80024 Ffantail darter D 1 - 0 H ¢ R ‘Percidae
80025 Least darter - 1t 1 - 0 - N 8  Percidae

| 80026 Sauger x Walleye v p - £ - - =~ Percidae
85001 Freshwater drum F - P - L # P Sclaenidae
90007 Spoonhead sculpin s8¢ - - - - £ P Cottidae
90002 Nottled sculpin st 1 - - H € R Cottidae
90003 Slimy sculpin sC - - - - -~ Lottidae
90004 Deepwater sculpin S - - - - = - Cottidae
95001 Brook stickleback 0 1 - - H € P Gasterosteidae
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Table 8-3. (continued)

SPCLST - Legend for Species Designations

The following letter symbol designations are used to classify Dhio fish
species according to their taxonomic, functional, structural, poliutien
tolerance, and ecological characterist!cs These ﬁesignations provide the
basis for the Fish Information System (FINS} to calculate metrics for the
Index of Biotic Integrﬁty {FINIBIY and the Modified Index of Well- Beﬂng
(FlNLSZ) as. well as other uses.

SPC_GRP (Species Group)®  FEED GUILD (Feeding Guild)®  1B1 GRP (18] Group)t

0 - Other P - Piscivore E - Exotic {(noen-native)
L - Gars F - Filter feeder F ~ Sport Species
W - Large River Species ¥ - Invertivore , R ~ Round~bodied Sucker
6S «~ Bizzard Shad I - Specialist Insectivore £ - Deep-bodied Sucker
SA - Salmenid 0 - Omnivore W - White sucker
WF - Whitefish 6 - Generalist 6 - Carp/Goldiish
T = Tolerant H - Herbivore - N - Cyprinidae
P ~ Pickerels € - Carnivore S - Sunfish {less
‘R - Round-bodied Suckers -Blackbasses)
C - Deep-bodied Suckers Y0L _{Pollution Tolerance} D - Darters
6 - Carp/Goidfish S ' :
N - Shiners R - Rare Intolerant RI1V 817 {River Size)
K - Minnows S - Special Intolerant
f - Latfish, Drum 1 - Common Intolerant. L - Large River Species
B - Blackbass Crapple M - Moderately Intolerant H -~ Headwaters Species
S - Sunfish T - Highly Tolerant P - Pioneering Species
V - Non-darter Percidae P - Moderately Tolerant .
D - Darters :
SC - Sculpins BRO 61D {Breeding Guild)® HAB PRF (Habitat Pref )¢

N - Complex, no parental P - prefers pools

care _ R - prefers riffles
¢ - Complex with parental B -~ prefers both
care

"o Simp1é, miscel laneous
S - Simple lithophils

these designattons are not for use in any FINS ana?ytica1 programs.
designations are patterned after Karr et al. {(1488).
¢ designations are patterned after Berkman and Rabeni (1987).

oo ]|
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Appendix C-1: Hodified Index of Well-Being (Iwb)

A Hodification of the‘Index of Well-Being
for Evaluvating Fish Communities

Chris Yoder

Ohio EPA, Division of Water Guality Menitoring and Assessment
Surface Water Section
1030 King Avenue
Columbus, Ohic 43212

Introduction

The index of well-being (Iw), or composite index, was developed by Gammon
{1976) to evaluate the response of riverine fish commanities to environmental
stress. This index was first tested using data from the Wabash River in
Indiana (Gammon 1976; Gammon et al. 1981) and subsequently from other rivers
in Indiana, Ohio {Yoder et al. ~ 1981; Gammon 1980), and Oregon. (Hughes and
Gammon 1987} Since 1979 the Ohto EPA has used the composite index to

. evaluate electrofishing data from nearly 2000 locations througheut Dhio.
These inc!uded a wide range of stream and river types from the smaller
headwater streams to the Ohio River. Study areas included a wide range aof
chemical and physical perturbations. Sampling methods used are described in
more detall elsewhere (Ohic EPA 1987a). ‘

_Index of Well-Being

The Iwb incorporates four measures of fish comnunities that have
traditﬁonaliy been used separately: numbers of 1ndiv1duals. biomass, and the
Shannon diversity index (H) based on numbers and weight. The computatﬁon31
formulas for the Iws and Shannon index are given in Table 1, Relative
abundance (numbers and weight) data are derived from pulsed D.C.
electrofishing catches where sampling effort 1s based on distance rather than
time (Bammon 1976). Ohio EPA bases relative abundance on a per kilomeier
basis for boat methods and on a 0.3 kilometer basis for wading methods (Ohio
EPA 19B7a).

The 4ndividual performance of numbers, biomass, and the Shannon index as
consistent indicators of environmental stress in fish communities has been
disappointing. However, when compined in the Tws these individual conmunity
attributes work in a complimentary manner. For example an increase in tota
numbers and/or biomass caused by one or two predominant species is usually
offset by a corresponding decline in the Shannon index. 1In addition the -
log transformation of the numbers and biomass components acts to reduce
much of their 4nherent variability. Gammon (1976) found the individual
variability of each of the four Iw components to range from 20-50%, yet the
variability for the lw was approximately 7X.

High numbers and/or biomass 35 usually perceived as a positive atiribute of 2
fish community. This should result in a high bLe provided a relative
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Table 1. Computational formula for the index of well-being and the Shannon

diversity index.

Compostte Index

lyg = 0.5 1n H # 0.5 1n 8 + H (no.) + H (wt.)

£

here;

- relative numbers of all species

= relative weight of all species

{no.} = Shannon index based on relative numbers
{wt.) = Shannon index based on relative weight

:x:.l;:!w =

Shannon Diversity Index

z :—ﬂww s -] -
where;

- nq o= relative numbers or weight of the jth spectes
N = total number or weight of the sample

A

i
;
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“evenness” is maintained between the abundance of the common species.
However, this is not invariable, particularly with environmental perturbations
which tend to restructure fish communities without large decreases in
 diversity (e.g. nutrient enrichment, habitat modification). For example, we
have observed fish communities in highly modified streams that have very high
numbers, biomass, and moderate species richness. Such communities are
predominated by species tolerant to these d?sturbances Species that are.
intolerant to such disturbances either deciine in abundance or are eliminated
altogether. The net increase in the relative abundance of the tolerant
species with only modest dec)ines in species richness yields a high Iwb
valye. The increased abundance of tolerant species 15 not sufficiently offset
by the Shannon indices because species richhess is not equally influenced.
The ‘overall result is an Iwb evaluation that 4s not reflective of the actual
response of the community to these types of degradation. In fact Iwb values
at some disturbed sites equaled or exceeded those measured at reference or
Teast impacted sites.

Hbdiﬂied Index of Well-Being

Several madifications of the Db were attempted to .correct the problem of
relatively high scores at degraded sites. These included the complete
elimination of predominant species from the index c¢3 cu)a;ion, seiﬁct‘vn
elimination of species based on their predominance,
of the numbers component of the 1w, None of thes',modﬁficatﬁons worked in

a consistent manner. The problem with a total elimination of predominant
spccﬁes is that their presence is not considered and ¥t 4s difficult to apply
;aﬁsistently. '

Ecologically the problem is that of a predominance and high abundance of
species tolerant to the environmental degradation that we are attempting to
measure. Tolerant species are the last to disappear under the influence of
increased environmental degradation or those that respond favorably to a
radical change in the physical or chemical quality of the environment. Thus
their uniform elimination from the numbers and biomass components of the Iwb
was attempted. Ohio EPA has designated all fish species known to occur in
Ohic as highly tolerant, moderately tolerant, intermediate, moderately
intolerant, or highly into?erent {Thoma et 31 198?) - This was accomplished
by examining a large, statewide data base that. tncludes data from nearly 2000
sites and a wide range of enviranmental conditions. While most attempts to
designate species tolerance rely mostiy on the existing technical literature
and regional fish refeérence texts, the Ohio EPA method 1s based on direct
observations of species response in the field. This reguires a comprehensive
data base and should be supplemented by {nformation from the technical
1iterature when necessary.

The modified lw retains the same computational formula as the conventiona)
1w developed by Gammen (1976). The difference i5 that any of 13 highly
tolerant species, exotics, and hybrids are eliminated from the numbers and
biomass components of the Iwb. However, the tolerant and exotic species are
included in the two Shannon index calculations. This modification eliminates
the ®undesired® effect caused by high abundance of tolerant species, but

€4
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retains their “desired” influence on the Shannon indices. To i11lustrate the
effect of this madification several comparisons were made between key fish
community atiributes, the modified Iwb, and the conventional iws. In
addition results from different streams and rivers subjected to different
types and varying levels of environmental degradation {both chemical and
physical} demonstrate the influence that this modification has on an

evaluation of fish community health and well-being. The comparisons were made
separately for boat electrofishing and wading methods.

Rodified Iwb and Original lwb

Comparisons of the behavior of the modified Iwb and original lws were made
using data from 812 boat electrofishing locatidons. sampled between 1979-1986
and more than 972 locations sampled with wading methods between 1983-1986.
These data sets were used to compare the modified Iwb with the original Iw
{Fig9. 1), the difference betweén the modified Iwb and original Iwb with the
modified 1w (Fig. 2), the percent by number of tolerant species with the
modified 1w and the original Iw for boat (Fig. 3) and wading (Fig. &)
‘methods. The Iwb 15 an “open ended” index in that 4t has no real upper
Timit. However, actual observations from over 2000 sites in Ohio show that
Twb values rarely exceed 10. Values above 8 and certainly 9 are generally
-regarded as being representative of hea]thy, unimpacted fish communities. The
comparison of the modified and original Iwy shows a close agreement at the
sites whith score above 10, but an 1ncreasing deéparture as Iwb scores

‘decline (Fig. 1). The patterns are similar for boat and wading methods. This.
relationship is also demonstrated in the comparison of the I difference

with the modified Iwb (Fig. 2). The difference between the original and
modified Iwb values increases as the modiFied Iwb decreases.

The relationship of the percent by numbers of tolerant species with the
modified and original Iwb was also examined (Figs. 3 and 4). A curve of
‘best fit that approximates a 95% 1ine was drawn on the comparisons with ths
modified Iwb. As the percent of tolerant species increases the modified
1wb decreases. This relationship 15 lacking with the sriginal Iwn, a
result of the previously described problem of high numbers of tolerant species
inflating the original I. values. The 95% curve was superimposed on the
comparisons with the origimal I«. The result is that many points lie above
and to the right of the 95% line in the comparisons with the original Iwb.
This means that the original Iwb can score high when the environment is
adversely affected by certain types of physﬁcal and chemical) degradation that
resylt in a predominance of tolerant species. The result can be an incorrect
“evaluation of fish community condition. The treatment of tolerant species in
the modified 1w greatly reduces this problem and results in a consistently
more accurate evailuation.

Specific Applications

The uti1ity of any index, biological or otherwise, is in how consistently it
reacts to change either positive or negative. A significant shortcoming of
_the original Iw is in 1ts inability to adequately characterize degraded
communities where an environmental stress results in 2 restructured community

£-5
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with high numbers and/or weight of tolerant species. Table 2 shows the
results of fish sampling at selected sites that are affected by a variety of
environmental stresses Including habitat modification, organic enrichment, and
toxic chemicals. Sites that represent relatively unimpacted situations are
included for comparison. The differences between the modified and original
Ivb are impressive, ranging from 1.0 to more than 3.0 Iw units at the
degraded sites. The difference at the relatively unimpacted sites s
negligible being less than 0.1-0.5 Iw units.

1w results from a recent electrofishing survey of the Ottawa River 4in
northwestern Ohio are depicted in Figure 5. The origina) ILwb, modified

Is, and the difference between each show that the largest differences occur
downsiream from the variety of environmental stresses that exist in this study
area. Influences include raw sewage and urban runoff from combined sewer
overflows, domestic wastewater from a sewage treatment plant with industrial .
contributors, effluént from an o%1 refinery, and effluent from an agriceltural
chemicals plant and habitat modification resulting from several smali
impoundments. Ohio EPA uses a tiered classification system based on the Tup
to rate sites as: exceptional good, fair, poor, and very poor (Table 3). The
exceptaona1 and good ratings reflect fu]l attainment of the Clean Water Act
goal of biological integrity. Evaluation of impacted sites on the Qttaua
River (Fig. 5) change from good to fair, fair to paor, or poor to very poor
when the modified Isb 45 used. Although the rating of the relatively
unimpacted upstream site and the downstream recovery site appear to-change
from exceptional to good their original ratings were good because they did not
meet all of the criteria for exceptional. In addition the difference ‘between
the original and modified lwb at these two sites was the smaliest in the

study area.

Hodified 1wb

The exanmples -and ana1ysas presented show that the modified Iwb ¥s a

consistent and sensitive index to a wide range of environmental stresses. The
elimination of apy of 14 highly tolerant species from the numbers and biomaés
components of the Iwb achieves this desired result and resolves a

significant shortcoming of the original lub. Biological indices are most
useful when they store consistently and are sensitive to a wide variety of
environmental stresses, both chemical and physical. The modified 1w

achieves these cbjectives
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Table 3. Conceptusl response of fish community structural and functional
attributes as portrayed by modified Index of Well-Being {1},
Rarrative descriptions of fish commgnity condition for good, fair,
poor, and very poor ranges are indicated.

C

a ) :

+ « - - MEETS OWA GOALS. - - - o mom o= DOES NOT MEET CWA GOALS - ~ = « — -

o

9 , |

o *Excoptional® “Good* *Fair® "Poar® "Very Poor”

y

{.% Exceptional, or Usual association Some’ expectad ‘Rany expected Foxt axpocted
urusual assemblage of expected species. species absant, - species absent, speciet absent
of species or in tow o in low :

abundanca. sbundance

2 Sensitive spocies Sensitive species Sensitive spec'iés Séns'i%ive Only most
abundant presant absent, oF ‘it very species absant, folerant

fow abundanm species remain

3. Exceptioaally High specias Peclining spacies  Low spei:ies Yary low
high species richnass richnass fichness species rich-
Tichness ' nase

a.b  Camposite index Compos ite index Compos 1 $e. indox Cénposi?e index Composite indox
Groater #han 9.5  Groster than Groater than Groater then Less than

7.4 - 8.60, 5.3 - 6.30, 4.5 - 5.0, 4.5 or 5,00
Less than 9.4 Less than Less than
7.4.8.6% 5:3-6.3%

5. Outstanding Tolerant species  Tolerant Commun ity
recreational increasing, spocian organization
tishory baginning to pradominate lacking

prodominate

6. Species with an
sndangerad, threatmned, or
spocial concarn status
are prasent

2 Conditions: Categories i, 2, 3 and 4 (if data is avaiisble) wust be met and 5 or & must plso

ba met in order to be dosignated in that particular class.

b ancompasses range of ecorsgional values;

area of insignificant departure is 0.5 frm
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Ottawa River: 1985 IWB Comparisons
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B~-3: Background

1t 15 of critical importance in biological monitoring to collect a consistent
and reproducible sample. To assess degradation there must be knowledge of the
variability of samples to determine the most valid means of detecting
stgnificant differences in communities among sites in a study, Variatiop tan
be divided into sampling variation (i.e., error} and true variation between
-sites and sampling times. Ideally, we wish to minimize ‘our’ ‘sampling error and
maximize our ability to detect true differences (in the means ‘and variance of
index values) among sampling sites and sampling passe$. Further, we need %o
be able to distinguish between natural variation and Yanthropogenic" sources
(Y.e., pollution) of variation 4n our data. A prerequisiteffor determining
the precision of an index or method is a demonstration of the accuracy and
relevance. of the procedures; this was accomplished in the main document and
other appendices (espectally appendix ().

D.2: fish

The prnbabt1ity of determ?nﬁng a gifference in Iwb or 181 scares is related to
changes in the location of means and the variability of the data between
sampling passes at a site. The greater the sample size the more confident we
are in our estimate of community integrity (4.e., mean index value} at a

site. However, it s impractical and unnecessary to sample a location 10-20
times 4n.order to “increase® our confidence in an estimate. “Instead we can
use past sampling efforts to create an empirical estimate of how large
diffetences between index values need to be for signifﬁcant dﬁfferences to he
~discerned.

Two types-of data were examined to estimate normal "background® varﬁatwon and
the magnitude of differences necessary to detect true changes in community
integrity: data from a large number of different stréams and tesi zone data
that consﬁsted oF repeat samp?ing of the same stream raaches Re examined
individua) samgies deviated less that +0.4 1wb unSts ?rcm thée mean (>9. G
sites with three passes) at a site about 75% of the time. The maximum
deviation observed was about 0.75 Iwb units (Fig. 0-7; panel A). For boat
methods deviat\ons were 0.5 and about 0.95, respectively (Fig. D-1; Panel B).
Only slightly more variability was observed down to an Iwb of 7.0 fcr wading
methods {Fig D-1; Panel A} and 8.0 for boat methods (Fig D-1; Panel B). Below
these values the range of variability increased markedly, ref]ecting the
addition of anthropomorphic sources of variability.

Test zaone data from a relatively unimpacted site on Little Darby Creck also
approximates background variation. Figs. D-2 and D-3 §1lustrate data from 50m
segments plotted by segment and date, respectively. ‘Scores are remarkebly
consistent, especially considering that the length of sites is only SOm.
SYightly greater variability occurs among adjacent stretches than among
different dates within a stretch in most cases, variability that would be
reduced or “averaged" in longer, normal length zones {i.e., 200m).

When examining integrity of sites with two or three sampling passes the
observed variability may be as usefu) as means for detecting degradation. In
fact, variability in Iwb scores 9s common (but not universal) in stressed
communities espectally where the causes of impacts are episodic.

D-1
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Karr et al. {1887) found that in Illino¥s higher-quality sites had less
variable 181 scores than sites of Jower-guality. variation, beyend normal
background variaticn may refiect the random timing of po}!utiaa gvents, the
3bility of fish to aveid poliution, and the ability of fish to quickly
recalonize (a2t least tolerant forms) previously degraded areas from upstream
refuges. Cairns (1986) recognizes the importance of examining environmenta)
variation in streams and be chastises approaches that ignore this variation:

"To ecologists, discussions of natural variability would seem platitudinous,
stnce natural varjability is one of the commonly accepted phenomena. Yet
laboratory tox%co]cgists have almost without exception falled te incorporate
this widespread and generally acknowledged ecological phenomena-into fheir
investigations. Odum et al. (1979) note that an increase in variability is
one of the frequent responses to stress, yet even ecologiskts have discarded
certain field measurements because they are thought to be too highly
variable, 1In fact, differences in variability rather than differences in
averages or means might be the best measure of stress in natural systems.

figure D-4 (Panel A, wading methods; Panel B, boat methods) sShows a measure of .
variation, standard error, plotted versus fhe Iwb for several hindred sites
with three sampling passes. Note the general irend of increasing
with decreasﬁng Iwh. There is some decrease in variation at the most degraded
sites {Iwh < 2) probably because the severity of the impact precludes much
recovery of the fish community.

Box and whisker plots of our EWW/WWH reference site data (Fig D-5; wading and
boat methods combined, three passes by ecaregion Panel A: Iwb, Panel B: i81)
t1lustrates background tevels of variation as measured by standard grrors
{SEy. Standard errors of greater ithan about 0.5 for the madﬁfied Twb and 4
for the IBI suggest variability greater than background variability (1.e.,
possible impacts or poor sampling). The importance of this 1ies in
determining whether a site attains the designated use for an ecoregion.

1deally, sites should be sampled two to three times to ensure that a site is
meeting criteria for an ecoregion. Karr et al. (1987) suggasted that one is
more 1ikely to overraie poor sites than underraie high. quality sites. Thus a
Jow 181 icore 4§ more likely to reflect degraded conditions and less 1ikély to
be an *underscoring” high-quality site. As an example, the WWH standard for
headwater sites in four of five ecoregions is 40. If a site scores a 32 on a
single pass (baring no sampling problems) it is unlikely to reach the standard
after more sampling; the low score indicates an impacted commun#ty ‘Further
sampling will most likely yield other low scores or produce variable results.
For sites with three passes a difference of at least 4 points for the 1BI and -
0.5 points for the modified Iwb are needed to detect true differences; when
comparing data to a standard or unimpacted control site high variability
increases the Tikelihood of a difference {indicating an impact). These
criteria are less conservative than parametric ranges tests such as the
Student-Newman-Kuels test because increased varjation decreases the ahility of
these parametric tests to detect differences among sites, even though the
increase 4n variability may well indicate intreased stress. Figure &
$11lustrates the concept behind analyzing use attainment and the confidance of
various combinations of scores, variation, and sampling passes. The need to
achieve macroinvertebrate criteria (iC1) and both fish criteria {IBI and Iwb)
increases the protectiveness of the criteria.
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figure D-5. Box and whisker plots of standard errors for mean Iwb values from
" Dhio EWH/WWH reference sites {sites with three sampling passes)

plotted by ecoregion. Standard errors greater than the 75th ,

percentiles suggest varilability that exceeds what is expected in a

relatively unimpacted stream (barring known sampling problems).
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D-3: Macroinvertebrates

Variation in evaluating parameters at a given site must be kept at z minimum
in order to make accurate biological assessments based on developed rriterias.
To this end, a study was conducted at a site in 8ig Darby Creek in central
8hio in the summer of 1981. The original intent of the study was to evaluate
the effectiveness of the sampling unit consisting of five artificial substrate
samplers. Parameters generated from the data (compesition, number of taxa,
density, and diversity index) were subjected to a number of statistical
analyses to evaluate sampling unit reliability. Results of this study are
reported elsewhere {Ohio EPA 1984) The next Togical progression was to
analyze the degree of variation in ICI values generated by the data.

The $tudy location was a section of Big Darby Creek at river mile 36.5. Big
Darby Creek is a documented high quality aguatic system composed of a very
diverse benthic fauna many taxa of which are quite rare in abundance (Ohio EPA
1983a). Thus it would seem that the potential for variation under these
conditions 1s significant. Twenty-two sampling units of five artificial
substrates each were placed in a run ‘in the general configuration depicted 1in
Figure D-6. An attempt was made to minimize differences in current velocity
and depth over the samplers. Co]onizat%on occurred between June 30 and August
11, 1981. HMethods of retrieval and sample processing were tonsistent with the
procedures outlined in Ohio £PA (19873) Nineteen of the sampling units were
subsequently analyzed and ICI summary statistics are listed in Table 0-1. The
box-and-whisker plot of the IC1 wvalues {5 depicted in Figure D-7.

Previous examination of the data (ﬂhio EPA 78B4} indicated that the physical
factors measured {(depth and current velocity) were kept relatively constant
and had no significant effect on the biologica) parameters measured. Similar
results were found when the physical factors were compared to the ICI values.
Assuming that the same water quality conditions were affecting all the
sampling units, i1 was inferred that any variability in 11 was due to natural
biological processes {e.g., predation, emigration, immigration, mortality,
natality) influencing the community colonizing the sampling unit.

1C1 values were reasonably consﬁstent. Thegmedian vatue was 34 and the 25th
and 75th percentiles were 32 and 36, respectively. This suggests that the
four point "gray" zone of insignificant violation is an accurate range and
would allow for the effect of natural variation on the ICI value. Rore tests
of this kind in other high quality Ohio stream Jocations are planned to
further substantiate and test the consistency and reproducidility of the ICI.
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Table D-1. 1ICI summary statistics generated from data collected at the 1987
Big Darby Creek test location.

Sample Size: 19
Average: 34
Median: 34
‘Standard Error: 0.8
Minimum.Value; 28
Maximum Value: 44
Quartile
Tower (25%): 32
upper. (715%): 3%
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Figure D-7. Box- and-uhisker plot of I1C1 values generated from data collected
at the 1981 Big Darby Creek test location.
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E-1: HMethods for Calculating Drainage Areas

Three methods may be used for talcylating drainage areas {square miles) whizh
1ie upsiream from sampling locations. They may be used individually or
combined as the need dictates. The method{s) used s dependent on three
varisbles, 1) accessibility of drainage area information, 2) whether or not
data are computerized and 3) time constratnis. Time constraints are often

the most important facter, resulting in the consistent use of one method over
another.

Precision of drajnage area calculations in areas of 20 square miles -or less is
especially important when they are used as factors Jn various biological
indices {e.g. Headwaters IB1). Calculation ¢ arger drainage areas allows
for a greater margin of error, so relative: precision in such areas j& not as
critical. An acceptable error margin is 10% {this can be determined through a
more detatled process of using 2 digﬁtizer)

The first and easiest method used for ca]cu?at%ng drainage areas is to use
drainage areas listed in the Bazetteer of Ohio: Streams (Ohic Dept. Nat. Res.
1560) and the Supplement to the Gazetteer: oftﬂbio Streams (Dhio Dept. Nat.

Res. 1967). Sampling locations which are located within one mile of the mouth
of a 1isted stream or river are assigned thg v’lue ‘which corresponds to the
drainage area -of that watershed. Orainage areas of sampling locations which
fall between two 1isted streams are calculated by ‘nterpoiation. This method
1s used most often and requires a re!ativeiy small effort.

A second method is a *hands-on" procedure in which a clear sheet of plasti
marked with oné square mile grids 3s over-laid on'a USGS 7 1/2 minute
topographical map. HRapped contour lines are carefully observed and watershed
boundaries are outlined. Any portion of the watershed which lies within any
partion of a block of the overlay is used in the talculation. For sections of
a watershed which cover only a portion of a grid the percentage of the grid
which is filled 1s estimated. A1l full grids and partial grids are then added
together, resulting in the tota) drainage area. This method is used for small
streams and the headwaters portions of larger streams where the Supploment to
the Gazetteer of Ohio Streams does not in¢lude the information necessary for
calculating drainage areas. This method 1s also used in conjunction with the
Supplement to the Gazetteer. Grids are used to calculate small drainage areas
between sampiing ]ocaticns and Bazetteer reference points.

The third method, and the most complex, is that of creating a plot of the
sampling locations. Data must be in a computerized information base to use
this method. An electronic data file s created which contains the stream
code, river mile and latitude/longitude coordinates of the sampling
lncations This file 1s then merged with a PEMSO plotting program called
PEMLST. PEMLST will produce a plot of the state of Ohio with a1l sampling
locations labeled with an *x* and a river mile index number. When a plot has
been produced, a wmylar map containing the boundaries of Ohio watersheds is

E-1
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over-1ald on the plot. To accomplish the alignment of sampling points within
the watershed boundaries, the map of Ohlo watershed boundaries is first
over-laid on the map of Principle Streams of Ohio (Ohio Dept. Nat. Res.
1984). Stream courses are drawn in using a pencil. When the watershed map is
over-laid on the plot of sampling locations, points should fall along the
stream courses. This procedure atds in determining the drainage pattern of a
stream basin. When all of these preliminary steps have been completed, a
digitizer 43 used to outline the estimated watershed boundaries upstream from
the selected sampling point. Drainage areas of watersheds are listed in two
computer printouts labeled PEMSO Watershed Characteristics. A7) drajnage
areas are listed An acres. The scale of the digitizer is set to acres to
correspond to drainage areas listed in the PEMSO Watershed Character%stics
 printouts., A1) numbers derived from the digitizer calculattons must then be
converted to square miles (this is done by dividing the number of acres by
640). This method 1s the most time consuming, but has the capability af heing
the most accurate: for determining drainage areas. However, since all
tributaries are not shown on the Principle Streams of Chio map, precise
boundary Tines are not always known.
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E-2: FINS Basin-River/Stream Codes

Basin-river/stream codes were developed for use with the Fish Information

System (FINS). This is composed of a two digit prefix or basin code and a

three digit river/stream code. The two digit basin cede conforms to the major
basin codes used with the Dhioc EPA PEMSD system {Ohio EPA 1983D).

Twenty-three major basins are designated across the state. ’ :

The three digit river/stream code was developed by using the Gazetteer of Ohio
Streams (Ohio ONR 1960). Each major mainstem stream or river within each of
the 23 major basins 1s designated 001. Major tributdries of the mainstem
stream or river are assigned codes 100, 200, 30D, etc. Smaller streams and
tributaries are given numbers in between Thus the code for the Hocking River
1§ 01-007 reflecting its Tocatien in major basin 01 and its prominence as the
‘mainstem river.

FINS basin-stream/river codes are stored at Ohio. EPA for each major basin
actording to a numerical sort for all rivers and “streams 1isted in Ohio DNR
(1960). Codes and names are assigned to streams not 1isted in the gazetteer
and stored at Dhio EPA. Interested persons should contact Ohic EPA, Division
of Water Quality Monitoring and Assessment, Surface Water Section for
-numerical 1istings and other information.
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Appendix F:  Avatlability of Reports

This appendix 1ists river and stream basins, subbasins, and mainstem segments
which have been evaluated using the standardized biological field evaluation
methods detatled in this document. Readers should note that all reports
completed prior to 1986 and some completed in 1986 may rely on biological data
evaluation techniques which have since been superceded by those presented in
this document. The Ohio EPA biological data base back to and including at
Teast 1982 data will be re-analyzed based on the methods contained in this
Smanual for the 1988 305b repor% uhich i3 schedu1ed for completion in April
1988. :

In addition to the major study areas 1isted in Table 'f-1 Ohio EPA conducts a
number of site evaluations and “mini-surveys" each year. These are generally
conducted on small streams and include 3-5 sampling locations. These efforts
usually include biological data culiectﬁon but are not listed in Table F-1.

Please contact the Division of Water Quaiity Monitoring and Assessment for
further information,
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Table F-1. Biological and water quality studies conducted hetween 1977 and
: 1985 by the Onia £PA, Division of Water Quality Menitoring and
Assessment .8

Repurt

Year Survey Area Scope Avai1abﬂ1§ty5
1977 Ottawa River Upstream of Lima to Auglaize River BWOR
1978 Mill Creek Upstream of Marysville to Scioto River BWQR
1978' Scotts Creek Upper section (Hocking County) BWQR
1979 Brush Creek Headwaters to Ludlow Creek BWOR
1979 Scioto River Prospect to Dhio River BUWQR
1978 Sandusky River _ Upstream of Bucyrus to Tymochtee (reek BWOR
1979 Gilroy Ditch Headwaters to Little Miami River v BWQR
1979 Rocky Fork Mansfield to Black Fork ' CHOR{*)
1980, Mahoning River Laavittsburg to Beaver River (Pa.), TS0
1881, and 1983 #3111 Creek (Boardman to mouth), and

Mosquito Creek downstream reservoir.
1981 Great Miam} River Mainstem from Taylorsville Reserve to CHOR(*)

the mouth, lower Mad, Stillwater R.

1981 Bear Creek New Lebanon to Great Miami River CWQR(*}
1981 8ig Darby Creek intire Hainstem, Tower Little Darby CHGR{*)
1881 Bokes Creek _ Upper watershed (West Mansfield) CHQR{*)
1981 Cowles Creek Geneva to Lake Erie C CHWOR{*)
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and downstream from Harsha Reservoir
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Table F-3. Continued.
Report
Year Survey Area Scope Avatlabilityb
1981 ‘Eagle & Silver Creeks Headwaters to dowastream from CWQR{ *) :
Barvettsville
1981 Elk Fork MacArthur ‘to Raccoon Creek CHOR( *)
1981 Four Mile Creek Acton Lake to Great Miami River CWOR(*)
1981 Kopp Creek New Bremen to $i. Marys River, CWOR(*)
' includes Wierth Ditch
1981 Little Chippewa Creek  Upstream Orrville to Chippewa Creek CWOR(*)
1981 Nettle {reek Entire Mainstem CWOR{*)
1981 Rocky River Entire Subbzsin CHOR(*)
1981 Sandusky River Tiffin to Fremont {Ballville Dam) CWOR( *)
1981 Scioto River (Ceatral)  Upstream of Columbus to Chtllicothe CWiR{ *)
© 1881 Yellow, Little Yellow Leipsic to,ﬁuiof? Ditch CWOR{*)
and Brush {reeks : '
- 1882 Big Walnut Creek Headwaters to Hoover Reserveir CWOR{ *)
1882 Black River Hasnstem:and'estuafy. jower £. and CWOR{*) 5
: W. Branches -
1982 East Branch Vermiiien  Kainstem and Skellinger Creek CWOR(*) %
River _ %
1982 East Fork Little Miami  Mainstem and tributaries upstiream CWOR( *) %
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Table F-1. Continued. A
, o ~ Report
Year Survey Area “Scope Availabilityb
1982 East Fork Whitewater  Headwaters to Ohio-Ind. state line CWOR( *)
, River ‘ o
1982 Great Miami River Mainstem from Indian Lake to CHOR(*)
“Taylorsville Réserve
1382 Hocking River 1ﬂdfﬁ$témvto Enterprise cwgg(i)
Rush Creek, Clear Creek ' ’
1982 Kyger Creek Entire Subbasin 1986 305b
1982 Licking River ‘Newark to Dillon Reservoir, CHOR(*)
Tower North and South Forks
1982 Little Beaver Creek Headwaters to Beaver Creek CHOR(*)
: {&reene County) i
1982 Muddy Creek Headwaters to estuary CWQR(*)
1982 N. Turkeyfaot Cr., Mainstem - ust. & dst. of Wauseon CHOR(*)
Bad Cr. ~and Delta :
1982 Southfork Great Miami  Headwaters to Belle Center CWOR{*)
River '
1982 Stillwater River Ha}ﬁstgm, Swamp Cr, to mouth; Painter CHQR{ *}
Creek, entire length; Greenville
Creek, State line to Greenville;
Harris Run, entire length; Swamp
Creek, entire subbasin; N. Fork
Sti1lwater R., headwaters to
downstream of Ansonia.
1982 MWalnut Creek Entire mainstem, Paw Paw Creek, CHQR{*)
Sycamore, George Creeks
1883 Blanchard River Entire Mainstem, minor tributaries TSD{1984)
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‘Table F-1. Continued.
Report .
- Year Survey Area Scope Avatlabylityb
1983 Cross & Yellow Creeks Entire subbasins T80{1985)
1983  Killbuck Creek Mainstem and major tributaries TSD{1985)
from Wooster to Walhonding R. o
1983 Little Auglaize River  Entire subbasin TSD(1985)
1983 Little Wiami River  Mainstem and major tributaries TS0(1986)
1963 McMahon, Sunfish, &  Entire subbasins T50(1985)
Captina Creeks '
1983 Tuscarawas River Mainstem, Wolf Creek, Chippewa file
Creek, lower Sugar Creek, minor
tributaries
1984 <Cuyahoga River Mainstem from Lake Rockwell to mouth, File
Tinkers Creek, Brandywine Creek,
Mud Brook, Breakneck Creek
1984 Maumee River State 1ine to Napoleon, lower TSD (1986)
Auglaize River, Gordon Creek
1984 Tiffin River Lower mainstem and major tributaries TS0 (1986)
1984 Mad River Urbana. to mouth, lower Buck Creek TSD (1986)
1984 Lytle Creek Entire Tength - TSD {1988)
1984 Upper Sciote River Upsiream McGuffey to dst. Kenton TSD {1986)
1984 Little Raccoon Creek Lake Rupert to mouth, Includes TSD {1985)
: tributaries
1984 wWills Creek TSD (1986)
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Table F-1. Continued.
Report
Year  Survey Area Scope Availabilityd
1984 Yankee Creek Bainstem and Little Yankee Creek TSD (1986)
1984 Huraon River Mainstem from Norwalk to mouth, lower TSD {1986)
East and West Branches, Ratt1esnake Cr.

1984 Mills Creek Upper Mi1ls Creek and Snyders Ditch TSB (1985)

1984 Brand Lake outlet to Wabash River TSD (1985)
1984 Whetstone Creek Mt. Gilead to Delaware Reservoir TS (1985)
1884 Jerome Fork Upstream Ashland to mouth, includes TS0 (1986)

1984 Black Fork Upstream and downstream Shalby 15D (1985)

1935 Paramour Creek - Entire Subbasin ' TSD (1987}

1985 Portage River Downstream 8rush-Wellman to TSD {1988)
Oak Harbor

1985 Mills Creek Lower sectioarinzsanduskyfto L. Erte TSD {1986)

File

1985 Sixmile Creek Near Spencervﬁ!?e;»incfudeg Auglajze 150 (1986)
River downstream to Ottawa River ’

1985 Wabash River Upstream and downstream Ft. Recovery  TSD (1986)

1985 Disher Ditch Upstream and downstream Whitehouse TSD (1986)

1985 Sugar Creek dst. Ford Motor-Lima Engine Plant TSD {1986)

1985 Rocky Ford Cr. Upstream and downstream North Baltimore 150 {19886)

1985 Nimishillen Creek Entire basin, includes Sandy Creek - File

‘ downstream confiuence
1985 Deer Creek pak Run and upper mainstem TSD {19B6)
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- Table F-1. Continued,
1885 Little Beaver Creek Entire subbasin except TSD (1986}
' minor tribs. :
1985  Fulton Creek Upstream and down- TSD {1986)
' stream Richwood
1985  Clear Creek Near Hillsboro into TS0 (1986)
' - Rocky Fork Lake
1985  Indian Creek Near Mi1lville to mouth TSO (1986)
1986 Mi11 Creek Ust. Marysviile to mouth TSO (1987)
1986  Big Darby Creek Ust.Zdst. Platn City area TSD (1987)
1986  Raccoon Creek Dst. Clyde to Sandusky Bay  TSD (1987)
1986 Chagrin River Ust. Chagrin Falls to RM 4.0 TSD (1987)
1886 L. Cuyahoga River Subbasin, Ohio Canal, and TSD {1387)
' ' Sumnit Lake
1986 Lower Maumee River Napoieon to Toledo includ- TS0 {1887)
ing Maumee Bay, major tribs. '
1986 L. Salt Créek Ust. Jackson to RM 13.0 TSO (1987)
1986  Upper Mad River selected sites ust. Kings TSB (19886)
' » Cr., inc. tribs. .
1986  Rocky Fk. Licking R. Selected sites in subbasin  TSD (1986)
inc. tribs.
1986  Twin Creek Mainstem and selected tribs. TS0 (1987)
1986 Alum & Blacklick Creeks Mainstems to Big Walnut TSD {1987)
1986 Scioto River Columbus. to Circleville File
1986 ghio River Cincinnatt area File
14987 Cuyahoga River ... Cuyyaboga to Lake Erie ip
1987 Dicks Creek Entire basin 1P
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Table F-1. continued.

1487  Ohio Brush cree£ ﬁainstgm and tributaries 5.5
1987  Buffalo Creek ~ Entire subbasin 1P
1987 Raccoon Creek Upper mainstem near Johns— 1p
. town
1987 - Kokosing River - Mainstem and tributaries iP
1987  Little Scioto River Matnstem and tributaries  IP
1987 Grand River tower mainstem and estuary 1P
1987 >01entangy'R€§er Lower maiﬁstem in Columbus 1P
1987  Cemetary Creek. © Near Jeffereson ‘ 1P

@  for further information contact Division of Water Qua]lty Monitoring &
Assessment, Surface Water Section, Box 1049, Columbus, Chio 43265-0149

b Letter codes denote the following: CWQR(*) - Certified Comprenensive Water
Guality Report; CWQR{D) - draft CWOR; BWQR - Blological and Water Quality
Report (before 1981); TSD - Water Qua]ity Technical Suppnrt Document (after
1984); File - file information: no report; 1P - in progress.
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NOTICE TO USERS

All methods and procedures for the use of biological criteria contained and/or teférred 10 in these volumes
stipercéde those described in any previous Ohio EPA manuals, reports, policies, and publicarions dealing
with baologzcai evaluation, designation of aquatic life uses, or the determination and cvaluation of ajuatic
life use attainment. Uses of these eriteria and the supporting field methods, data analyses, and study design
should conform to that presented or referenced in these volumes (and subsequent revisions) in order to be
applicable under the Ohio Water Quality Standards (WQS; OAC 3745-1),

Three volumes comprise mc supporting documentation f for setting and using biological eriteria in Ohio.
All threz volumes arc needed to use the ‘biological criteria, the field and laboratory pmccdmns 2nd
undersiand the principles behind their development, use, and application. These volumes are:

Ohio Environmental Protection Agency, 1987, Biviagical criteria for the protection of aquatic life: Volume
1. The role of biological data in water quality assessmant. Division of Watsr Quality Moni: xOﬂﬂg
and Assessment, Surface Water Section, Columbus, Ohio.

Ohio Environmental Protection Agency. 1987, Biological criterin for the protection of aguau: fife: Volume
U, Users manual for biniogical field assessment of Okio swfave waters, Division of Water -
Qualzty Monitoring and Assessment, Surface Water Section, Colambus, Ohio. {this addendum
updates this volume and supercedes tables and ﬁgures as noted), -

‘Ohio Environmental Protection Agency, 1989, Ewiogzca! criteria for the. protccaon of aguatic i fe. Valume
1. Standardized biological field sampling and laboratory methods for essessing fish tind
macroinvertebrate communities. Division of Water Quality Momli)‘“mg and Assessment,
Columbus, Obio.

In‘addition, one other publication from the Sweam ch_ionali?.aﬁon Project is recommended reading (or ali
ﬁScﬁ‘

‘Whittier, TR., D.P. Larsen, RM. Hughes C.M, Rohm, A.L. Gallant, and IM. Omemnik. 1987, The
Ohio stream regionalization project: o campez:dmm of results. U.S. EPA - Environmenial Res.
Lab, Corvallis, OR. EPAO0/3-87/025. 66 pp.

These and other related documents can be oblained by writing:

Ohio Environmental Prolection Agency-
Division of Water Quality Planning and Assessment
1800 WaterMark Drive, P.O. Box 1049
Columbus, Ohic 43266-0149
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Introduction

This addendum was produced to provide the documentation for recently proposed revisions to Ohio
EPA’s biological criteria or "biocriteria”. A delay in the promulgation of the biocriteria developed in
1987 provided the opportunity to reevaluate the biocriteria. This addendom dewils and describes these
cﬁmggg %:ior clarity the previous version of Youme II is refered to as Ohio EPA (1987) twoughout
this addendum.

Revisions have also recently been made to Volume III: Standardized Biological Field Sampling and
Laboratory Methods for Assessing Fish and Macroinveriebrate Communigies as part of the annual
effort to revise the Ohio EPA Manual of Surveillance Methods and Quality Assuranée Practices {6th
update) which is being produced under a separate cover. An in-depth analysis of the use and
applicadon of the Qualitative Habiwt Evaluation Index (QHEI) is also available (Rankin 1989). Users
should be aware that some changes have recently been made to the QHEL These changes are reflected
in the recent QA manual updates and Rankin (1989). Finally, an updated compendium of biclogical
index results based on Ohio EPA sampling conducted since 1974 is available. This compendium lists
biological index score results by river code and river mile for each site that has been sampled by Ohio
EPA up through 1988, This compendium will be updated each year to include any new data. All of
these documents are available upon request from Ghio EPA. :

e o

N

Summary of Biocriteria Revisions

Reference Sites

Appendices A-1 through A-8, the listing of Ohio reference sites, attached herein replaces the same-
numbered appendices in Ohio EPA (1987). Table 1 summarizes the changes to the reference database
including the number of samples added and deleted, The reference database was constrained to
samples collecied between June 15 and October 15, This represents the "normal” summer sampling
season in Ohio and the database was organized to be ) ]pfesenmtive of this tirme period. The
applicability of results from samples collected prior to June 15 or after October 15 will be viewedona
case-by-case basis. '
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Table 1. Summary of changes to reference sites/samples in this addendum compared 1o Ohio EPA {1987). Samples
deleied because. of early or late sampling dates are noted in parentheses. o

Number of Samples

Ohio EPA T

Sampling Method (1987 Addendim In-Common New Delered -
Least impacted Refecence Sites
Fish-Headwater 136 23 127 4 96
Fish-Wading 277 a3 2%6 157 316
Fish-Boa. B 256 | 139 17 52(8)
Macroinvertebrates 232 247 10 77 62
Modificd Reference: Sites |

Fish-Headwater 351 51 28 27 76
Fish-Wading e 672 42 25 2@
Fish-Boat 120 124 98 26 20
Macroinvenchrates 3 35 o .

! Escludes # samples grouped with wading samples.
2 Inctudes 4 samples grouped with wading samples.
3 Scparate MWH criteria were not established for the ICT in Ohio EPA (1987),

Biological Index Calibration.

Since the reference site results provide the data upon which the biological indices themselves are
calibrated the effect of changing the database was evaluated. The addition and removal of reference
sites had litde effect on the Index of Biotic Integrity (IBI) metrics. Figure 1 (replaces Figs 4-2 and 4-3
in Ohio EPA 1987) illustrates this for the IBI. A check of the remaining metrics indicated that no
changes were needed to the existing drainage area based scoring for the IBL.
This was not the case for the Invertebrate Community Index (ICI). Replots of the ICI calibradon
figures showed that some adjustment was necessary.for eight of the ten ICI metrics: The percent
tolerant taxa and percent non-insect and other Diptera metrics remained the same as shown in Ohio
EPA (1987). Figures 2 though 6 (replacing Figs 5-1 through 5-10) illustrates the changes for the eighs
- 1CI metrics.
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Biocriteria Derivation

The revised biocriteria are listed in Table 2 (replacing Table 7-1 in Ohio EPA 1987). The associated
statistics appear in Tables 3a,b,c (replacing Table 6-2 in Ohio EPA 1987), Tables 4a,b (replacing Table
6-3 in Ohio EPA 1987, and Tables 5a,b,c (replacing Table 6-5 in Chio EPA 1987). For the
Warmwater Habitat (WWH) use biocriteria the change in the IBI averaged one point (range 0-4) and
the modified Iwb one-tenth of a point (range 0-0.4). The range and tendency of the data is ilustrated in
Figure 3 (replacing Figures 6-2, 6-3, 6-4, 6-5, 6-6 and 6-7 in Ohio EPA 1987). Biocriteria values are
also illustrated on Ohio ecoregion maps for WWH, Exceptional Warmwater Habitat (EWH) criteria
(Figure 4) and Modified Warmwater Habitat (MWH) use designations (Figure 5). . B

For the Huron-Erie Lake Plain ecoregion the WWH biocriteria for the fish community were derived by
using the 90th percentile index value of all sites (by sampler type). Figure 6 (replaces Figures 6-9 and
6-10 in Ohio EPA 1987) illustrates the frequency distribution for the IBI (boat, wading and headwater
sites) and the modified Iwb (boat and wading sites). This is the same approach that was used to
establish the WWH criteria for the headwaters and wading site types (Ohio EPA 1987). The oaly
change here is that this approach is being extended 1o the the boat site types as well. This type of
alternative approdch is needed in the HELP ecoregion due to the extensiveness of stream channe] and
land surface disturbance that has taken place in the past 80-100 years.

References

Ohio Environmental Protection Agency. 1987, Biological criteria for the protection of aguatic life: Volume I1.
Users manual for biological field assessment of Ohio surface waters. Division of Water Quality
Monitoring and Assessment, Surface Water Section, Columbus, Ohio. : 2
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Figure 1, (Replaces Figure 4-2 & 4-3 of OhioEPA 1987). Number of species vs, drainage area for Headwater and
Wading sites (Top Panel) and Boat sites (Bottom Panel). Meiric scores were derived from a
combined standard and alternate (no drainage area relationship) risection method (Tap Panel) and
alternative risection method (Bottorm Panel). See text for explanation on trisection methods. Open
Squares denote reference sites used in 1987, solid circles 1989 reference sites.
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Figure 2. Top Panel: Total macroinvericbrate 1axa vs. drainage arca using the quadrisect method for determining
64,2, and 0 ICI scoring (Inverse relationship with drainage arcas >100 sq.miles.). Boltom Panel:
Total mayfly taxa vs. drainage area using the quadrisect method for determining the 6,4,2, and 0 1CI
scoring (Direct relationship with drainage arcas <100 sq. mi; inverse refationship with drainage areas
>300 sq. mi.). Replaces Figure 5-1 and Figure 5-2 of Ohio EPA 1987).
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Figure 3. Top Panel: Total caddisfly taxa vs. drainage area using a quadripartie methed for determining 6,42, a0d 0
ICl scoring (Direct relatonship with drainage acea; zero scoring for zero tixa for drainage areas <600 sq.
mi; zero scoring for <1 taxa for drainage drcas >600 sq. mi.). Bottom Pasel: Total dipteran taxa vs.
drainage arca using the quadrisect method for determining 6,4,2, and 0 ICT scoxing (Inverse relationship
with drainage areas > 100 sq. mi), (Replaces Figure 5-3 and Figure 5-4 of Ohio EPA 1987).

8



Thu, Sep 28, 1987

100 —
«» BOF
w [
)
>
= oF
£ b
R 20k

13 s
1 10 ' 190 1000 10000 i
DRAINAGE AREA (SQ MI)

30 AR B A A et
0 70 i
2 e
B SOF
g a0 :
& .30 o
S L E :

2 s
R 10k

1 o 100 10060
DRAINAGE AREA (SQ M)
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6.4.2, and 0 ICI scoring (Direct relationship with drainage area < 100 sq mi and inverse relationship
above 300 sq mi). Zero scoring for zero mayflies, Bottom Panel: Percent abundance of caddistlies vs.
drainage area using a quadnpamte method for determining 64,2, and 0 ICl scoring (Direct relationship 3
with drainage area; zero scoring for zero caddisflies for drainage arcas <600 sq. mi; zero scoring for i
minimal percent abundance for drainage areas >600 sq. mi.). (Replaces Figure 5-3 and Figure 5-6 of Ohip i
EPA 1987).
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Figure 5. Top Panel: Percent abundance of tanytarsini midges vs. drainage area using a quadripartite method for

determining 6,4,2, and 0 ICT scoring ((Direct relationshiy with drainage arca < 100 $q mi and inverse
seladonship above 300 sq mi), Zero scoring for zero anytarsini midges. Bottom Panel: Percent
abondance of dipterans {éxcluding tanytarsing midges) and non-insects vs, drainage arca using the
quadrisect method for determining 64,2, and 0 ICI scoring (Inverse relationship with drmnage areas >100
sq. mi.). (Replaces Figure 5-7 and Figure 5-8 of Ohio EPA 1987),
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Figure 4, Top Panel: Percent abundance of poliution tolerant organisms vs. drainage area using the quadriscet method
for detennining 6,4.2, and 0 ICI scoring {Inverse relationship with drainage areas <1000 sq. mi.).
Bottom Panek Total numbér of qualitative EPT taxa vs. drinage area using the quadrisect method for
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1987).
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Table 2. Format for biological criteria in the Ohio Water Quality Slandaxﬂs regulations, OAC 3745-1-07, Table 12,

MWH
‘ Channcl Mine
Ecoregion Maod. Alfected Impoundad WWH EWH

1. Index of Biotic Integrity (Fish)
A. Wading Sites!

HELP 2 32 50
P 24 : , 40 50
EOLP 24 . 38 50
WAP 24 % 44 50
ECBP % 40 50
B. Boat Sites? _
HELP .20 2 34 a8
i 24 : 30 38 48
EOLP- 2 : _, 30 40 48 . i
WAP 24 24 S " 40 4 . i
ECBP 24 - 30 42 38 _
C. Headwaters Sites?
HELP 20 , 2% 50
P 24 40 50
EOLP 24 ‘ 40 S0
WAP 2 2% 44 50
ECBP 24 40 50
1. Modified Index of Well-Being (Fish)>
. A. Wading Sites! '
HELP 5.6 7.3 94
lig 62 8.1 94
EOLP 62 . 7.9 9.4
WAP 6.2 5.5 8.4 9.4
ECBP 6.2 . 8.3 9.4
B. Boat Sites!
HELP 5.7 ‘ 5.7 8.6 0.6
1 5.8 6.6 8.7 9.6
EOLP 5.8 6.6 8.7 9.6
WAP 5.8 54 6.6 8.6 9.6
ECBP 5.8 6.6 8.5 9.6
Iil. Invertebrate Community Index (Macroinvertebrates)
A. Artficial Substrate Sampless?
HELP 22 34 46
w 2 30 46
EOLP 2 34 46
W AP 2 30 36 46
ECBP 2 36 46

Tsampling methods descriptions are found in the Ohio EPA Manual of Surveillance Methads and Quality Assurance Practices {Ohio
EPA 1987a). '

2Modification of the TBL that applies (o sites with drainage areas less than 20 square mikes.

3Does not apply to sites with drainage areas less than 20 square miles.
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Thu, Sep 28, 1983

Table 3s. Sumanary ¢cologicsl and drainage area charscueristics of the ’I’ablc 3b, Summasy ecological and drainzge ares charaeteristics of the
reference sites used lo estsblish attainable ecological seference sites used 0 esizblish attainsble reological
eriteris for Ohio®s rivers and sweams based on the IBI criteria for Ohio’s rivess and sueams based on the. (B
xnd medified Iwb. » , and modified Iwh, '
Ecoregion State o Ecorepion  Staw
HELP 1P EOLP  WAP  ECBP  wid HELP P EOLP  WAP  ECBP  wik
WADING SITES _ BOAT SITES
{Sampler Types D, E, F) - {Sampler Type A)
No. of 20 51 70 106 156 403 ' _ ,
Samples ’ Ne. of 36 24 35 51 108 25
v Drainage Ares (mi2) Samples _ o . ' B
Mean 64 134 59 109 1 102 " . Drainae Area(mi2) _ 5
(SE) 59 155 9 67 8.5 4.5 Mean 2065 478 305 %60 1030 gy ¢
. Medisn 58 - 76 40 101 82, 16 (SE) 376 78 2% 252 3 mn
- Range 32:112 21.371 21-246 22337 20554  20-354 Median 777 285 331 1508 5400 531
{ Quardle, . ‘ Range  327.- 116 117- 90- 121- 90.
lower 43 . 45 34 59 32 9 633¢ 1145 687 6471 3197 443
upper 84 2186 65 134 136 131 Quarile . ,
lower 485 176 187 £63 272 264
Numbes of Species upper 2428 - 820 373 2473 1150 1505
Mean 164 261 210 266 233 238 , o
(SE) 0.7 0.7 05 05 0.4 0.3 . Nuraber of Species L
Madian 16 7 21 27 3 24 Mean 20,0 23.0 20.1 I3, § 22& 21& z
Range 1121 14.37 1130 1737 1237 1137 (SE) 1.0 1.0 8.7 0.7 0. .03
Quartile Medien 19 23 20 22 22 22
Tower 14 94 19 24 20 20 Range. 10-31 . 15:38 11-2% 15-37 9-34 9<3&
30 23 30 27 27 Quanike A
upper 1 . lower 16 20 17 28 19 18
Modified Index of Well-Being (Twb} : upper 25 26 24 23 25 25
£.7 8. 8.4 9.) 8.9 8.7 o o
?Sigu)n 9_2 . (}.'g 0.1 0.1 0.1 0.1 , Modified Index of Well-Being {Jwb) .
Medin 6.5 91 83 93 89 8.8 - Mean 34 81 92 ° 83 90 99
Range = 47- 62 67 L1  57. 47 ge) 02 0r 0101l b
' 8.6 1.4 102 106 106 114 Median 3.5 9.1 93 94 9.0 9.0
mee : nge 63' 8-2‘ ’.g" ?.5‘ ) 6«3' 6 35
‘o 6.0 8.1 2.9 8.4 8.4 8.1 10.0 102 102 107 113 113
X 9. . 7 9.4 9.4 Quartile
opper 7.6 98 BF 9 | owe 7.5 87 87 86 &5 &5 |
‘Index of Biotc Integrity (IBI) upper 93 9.4 9.1 10.0 9.5 9.6 i
29 45 42 48 44 44 o N
?s‘é’;" ’12.?) 1.0 0.6 0.6 0.5 0.6 Index of Biotic Integrity (181)
Medisn 23 46 44 48 44 44 .
Range 20:36 32:58 3250 28-58  28.56  28-58 Mean . 34 44 45 44 45 43
Quartile ’ . A i1 "4‘9 0-2 0.5
' 44 40 38 Median 33 44 44 4 48 44 &
if’w,"; ;g ;2 i: P 50 50 Range 20-46  36.32  28-56  28.54 2858  20-58
ppe _ Quartite
lower 28 39 40 40 42 38
upper .38 49 50 50 48 48
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Thu, Sep 28, 1988

Table 3¢, Summary ccological and drainage ares characteristics of the
reference sites used to establish aiatnable ecological
criteria. for Ohia's sivers and stcams based on the IBI
and modified Iwb,
Ecazegion St ;
HELP P EOLP  WAP  ECBP  wik
HEADWATERS SITES i
{Sampler Types D, E, and F at sites <20 mi 2} &
No. of 10 20 69 50 82 231 g.
Samples : g
. Drainsge Ares (mi2) g
Mean 6.5 87 100 79 105 - 9.5
(SE) 1.4 13 0.7 0.7 0.6 0.4
Mediasn 5 -8 g 7 11 ‘9 q
Range 0.8-15 1.7.18 1.0-20 ©3-17  1.4-19  0.8.20 ¢
Quartile
fower - 4 3 6 5 6 3
vpper - 10 12 14 12 15 14
: Number 6f Speties
Mean 80 160 137 135 184 151
(SE) 0.7 1.6 0.8 0.7 0.6 4.3
Medisn 9 15 16 15 i6 9
Range  5-12 10:%6 525 3.25 5-28 3-28
Cuartile _
Tower 6 12 12 g 4 12
upper 9 1% 20 17 20 19
index of Biotic Incegrity (IBI)
Mesn 259 450 . 425 47.6 450 4338
SE) 1.5 2.0 0.8 1.6 0.9 0.6
Median 26 42 42 48 46 44
Range 20-38  2R-58  22-56  28-60  34.60  24.60
Quartile o
fower 24 40 40 44 40 40
upper 26 53 48 52 32 50
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Table 43, Suwnmary ecological and drainage ares characteristics of the

reference sites used to csiablish auainable ecological
criteria-for Ohio’s rivers and sweams based on the ICL

- Ecoregion

State
HELR 1P EOLP WAP  ECBP  wik
MACROINVERTEBRATES
1, Composite Sampie of Five

Artificial Substrates

‘Warmwater Habltat
Number 27 23 54 58 8s 247
of Samples .

Drainsge Area {mi.2)
Mean - 1398 249 138 601 345 466.
{SE) 398 58 24 152 61 64
Median 428 179 59 136 137 137
Range 15-6330 '14-1143  4-687 5.5131  6-2641  4-6330
Quartile: _
lower 327 80 27 39 55 5t
upper 1238 313 187 463 410 428

Invenchrate Community Index (IC])

‘Mean 37 37 40 4 49 40
(SE) 1.6 1.7 1.3 1.4 0.9 0.5
Medisn 38 36 41 42 42 42
Range 14-52 22.52 1854 24.56 1252 12.56
Quartiie = i
lower 34 30 34 36 36 34
upper 43 42 46 . 48 46 46
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Thu, Sep 28, 1982

Table 4b. Summsry ecological and drainage ares characteristics of the
modified reference sites used 1 establish nitainabie
ecological criteris for Ohio’s rivers and streams bused

on the ICIL.
Modified Warmwater Habltat
 {Statewlde)
Number of Samples 27 8
Draindge Area{imi2)
CHANNELIZED MINE AFFECTED
Mean 110 132
SE) p1 63
‘Median 43 64
Rdﬁgé ;0-542 5.6-354
Lower Cuartile 29 8.8
Upper Quanile 102 17%
Invertebrate Community Irdex (1C7)
CHANNELIZED MINE AFFECTED
‘Mean (295 313
SE) 18 1.9
Median 32 32
Range 8-d44 2038
Lower Quartle 22 20
Uppét Quariite ki 36




Thu, Sep 28, 1988
Table 5. Summary ccological and hxbitat characieristics for the " Table 5b. Summary ecological and habitst characteristics for he I
Modified Warmwater Habilat reference sites used to Modifiecd Wermwater Habitat reference siles used
derive the Modified Warmsater Habitat G4WH) derive the Modified Warmwater Habitat (MWH) A
biclogical criteria. bielogical criteriz. v
- Channelized Mine Affected  Impocnded ‘
Clsanelized Mine Affected  Impounded HELP  Other WAPOniy  HELP  (uher
HELP - Other WAPOnly HELP Other v
_ ' BOAT SITES
{Sompler type A)
WADING SITES 11 13 2 88
{Sempler Types D, E, F) v : ' L
Number 23 26 18 — - Index of Biotic Inegrity (BT S
of Samples 26 27 28 33
: 1.0 1.3 LS 07
Index of Biotic Integrity (IBI) 20-32 2035 18:40 . 16-44
‘Mean 25 30 28 S —
{SE) 09 13 13 —_— 24 24 23 30
‘Range .. 1834 20-46 20-40 N — 28 30 33 &
Quartie: ,
Jower 22 24 24 o — ‘ . Modified Index of Well-Being (Iwb)
uppst 28 32 30 _— - Mean 61 6.2 8.3 6.8 T4
o SEy 0.2 0.2 1.0 63 o
Modifted Index of Well-Being (lwh) Range  4.86:74  5.0.7.2 4.9-7.8 4.5-9.34.6.10.1
Mean 65 7.0 6.3! - - Quartile; . »
(SE). 02 02 0.3 R — ;5"'-7 553 3.4 5.7 6.4
ngc N 4.9-8.2 4;4?9-3 4’5‘3'2 — — 6.8 . 6.7 ?>5 1.7 8.1
- Quariler . : -
Jowe : 56 62 53 - _ ) Number of Spftcws ‘
3}3P¢f 7‘4 79 7.2 — - Mcan 13.0 13.0 12.9 14.0 135
' : 5B XS 0.8 1.0 0.9 = 0.5
Number of Species : Range. 916 918 1015 7:21 62
Means 150 15% 15.9 _ = Quartite: _ ‘
{SE) 0.9 1.0 1.2 _ - lower i2 11 10 EEEEEE!
lower 12.0 11.0 12.0 - e L
upper 18.0 20.0 20.0 — —_—
1eadwater sites and gualitative data pot included in Iwb stadistics.

e T e o P R Lt
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Thu, Sep 28, 1959

Table S¢. Summary seofogical and habitat characteristiss for the
' Modified Warmwater Habitat zeference sites used 1o
derive the Modified Warmwater Habitat (MWH)
biological criteria.

Channelized Mine Affected  Impoundad
HELP ~ Other WAP Only  HELP Other

- HEADWATERS SITES
{Sampler Types D, E, and F a sites <20 mi 2}
No. of 9 42 -1 —_— -
Snmples : .

Index of Biotic Integrity (IBI)
Mean 22 29 -1 e
{SE) 1.6 1.0 _— — ——
Range 1228 2048 — —_ -
Quarle: ) .

lower 20 26 - — —
ugper 24 34 — —_ i
Numbcr of Species

Maan 8.7 12.0 -1 o ark
{+5E} 13 0.8 — — o
Range 5-15 5.22 — —_ —
Quanile: ‘ .
fower 7 ] — —_— .
upper. 10 14 — —_

Ycombined with wading sites due to smail sample size.
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

. . . Eco- Drainage .
River Code/River- Date River Mile Region (sq.mi.) Latitude - Longitude
LOWER HOCKING RIVER
01100 - Federal Creek 09/25/1984 1.30 4 138.0 391955 815330
01170 - McDougall Branch 08/24/1983 2.40 4 28.0 392339 815824
01170 - McDougall Branch 09/08/1983 2.40 4 28.0 392339 815824
UPPER HOCKING RIVER :
01400 - Clear Creek 08/23/1983 2.00 4 89.0 393521 823453
01400 - Clear Creek 10/05/1983 2.00 4 89.0 393521 823453
01400 - Clear Creek 07/10/1984 2.00 4 89.0 393521 823453
01400 - Clear Creek 08/22/1984 2.00 4 89.0 393521 823453
01400 - Clear Creek 09/17/1984 2.00 4 89.0 393521 823453
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER '
02001 - Scioto River 10/02/1984 201.20 5 226.0 403633 832623
WALNUT CREEK
02079 - Little Walnut Creek 07/22/1982 0.50 ) 44.0 394223 825602
02079 - Little Walnut Creek 10/01/1982 0.50 5 44.0 394223 825602
BIG WALNUT CREEK '
02100 - Big Walnut Creek 07/19/1988  61.90 5 350 402227 824846
SCIOTO RIVER (MILL CREEK, BOKES CREEK, FULTON CREEK)
02109 - Mill Creek 07/19/1984  28.10 5 64.0 401840 832605
02109 - Mill Creek 08/23/1984  28.10 S 64.0 401840 832605
02109 - Mill Creek 09/20/1984  28.10 5 64.0 401840 832605
02145 - Fulton Creek 07/17/1985  10.40 5 22.0 402447 831841
02145 - Fulton Creek i 08/15/1985  10.40 5 220 402447 831841
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER
02158 - Little Scioto River 07/23/1987 9.20 5 72.5 403738  831021°
02158 - Little Scioto River 08/17/1987 9.20 5 72.5 403738 831021
-02158 - Little Scioto River 09/14/1987 9.20 5 72.5 403738 831021
02158 - Little Scioto River 09/15/1983  11.20 5 47.0 403842 830941
02158 - Little Scioto River 10/04/1983  11.20 5 47.0 403842 830941
02165 - Rush Creek 07/19/1984 4.20 5 85.0 403132 832028
02165 - Rush Creek 08/23/1984 420 5 85.0 403132 832028
02165 - Rush Creek 1 09/20/1984 420 5 85.0 403132 832028
BIG DARBY CREEK
02200 - Big Darby Creek 07/05/1979 3.20 5 552.0 393743 830046
02200 - Big Darby Creek ~ 09/03/1981 3.30 5 552.0 © 393746 830046
02200 - Big Darby Creek 09/24/1981 3.30 5 552.0 393746 830046
02200 - Big Darby Creek 08/03/1988  13.40 5 534.0 394209 830641
02200 - Big Darby Creek 06/28/1979  41.80 5 2400 395854 831458
02200 - Big Darby Creek 07/29/1981  41.80 5 240.0 395854 831458
02200 - Big Darby Creek 08/27/1981  41.80 5 240.0  395854° 831458
02200 - Big Darby Creek 09/16/1981  41.80 5 240.0 395854 831458
02200 - Big Darby Creek 06/21/1979  54.20 5 136.0 400722 831628
02200 - Big Darby Creek 07/06/1979  54.20 - 5 136.0 400722 831628
02200 - Big Darby Creek 07/24/1986  55.10 5 135.0 400656 831657
02200 - Big Darby Creek 08/18/1986  55.10 5 1350 400656 831657
02200 - Big Darby Creek 09/22/1986  55.10 5 135.0 400656 831657
02200 - Big Darby Creek 07/24/1986  63.70 5 89.0 400931 832338
02200 - Big Darby Creek 08/19/1986  63.70 5 89.0 400931 832338

11/03/2006
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

Date

Eco- Drainage

River Code/River River Mile Region (sq. mi.) Latitude Longitude
02200 - Big Darby Creek 09/23/1986  63.70 5 89.0 400931 832338
02200 - Big Darby Creek 06/19/1979  76.60 5 32.0 401457 833204
02200 - Big Darby Creek 09/05/1979  76.60 5 320 401457 833204
02200 - Big Darby Creek 07/22/1981  76.60 5 32.0 401457 833204
02200 - Big Darby Creek 08/20/1981  76.60 5 320 401457 833204
02200 - Big Darby Creek 08/25/1981  76.60 5 32.0 401457 833204
02200 - Big Darby Creek 09/15/1981  76.60 5 32.0 401457 833204
02200 - Big Darby Creek 10/14/1981  76.60 5 32.0 401457 833204
02210 - Little Darby Creek 06/29/1979  15.20 5 ~ 151.0 395821 832123
02210 - Little Darby Creek 07/12/1979  15.20 5 151.0 395821 832123
02210 - Little Darby Creek 07/21/1983  15.20 5 151.0 395821 832123
02210 - Little Darby Creek 09/06/1983  15.20 5 151.0 395821 832123
02210 - Little Darby Creek . 07/12/1979  15.30 5 151.0 395823 832126

MIDDLE SCIOTO RIVER (INCLUDING DEER CREEK) ” ‘
02300 - Deer Creek 06/25/1985  51.40 5 82.0 395032 832036
02300 - Deer Creek 07/29/1985  51.40 5 82.0 395032 832036
02300 - Deer Creek 08/20/1985  51.40 5 82.0 395032 832036
02302 - Hay Run 10/07/1987 4.00 5 20.1 393021 830903

LOWER OLENTANGY RIVER
02400 - Olentangy River 08/15/1985  14.70 5 483.0 400856 830230

UPPER OLENTANGY RIVER
02450 - Whetstone Creek 06/25/1984  25.50 5 26.0 403443 824856
02450 - Whetstone Creek 08/15/1984  25.50 5 26.0 403443 824856

UPPER PAINT CREEK
02500 - Paint Creek 08/2171984  79.90 5 39.0 393619 832912
02500 - Paint Creek 09/13/1984  79.90 5 39.0 393619 832912

LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK)

02510 - N. Fk. Paint Creek 10/03/1983  17.60 5 160.0 392529 831258
02510 - N. Fk. Paint Creek 10/14/1983  17.60 5 160.0 392529 831258
02522 - Compton Creek 07/28/1983 1.40 5 59.0 392951 831700
02522 - Compton Creek 09/06/1983 1.40 5 59.0 392951 831700
02522 - Compton Creek 10/03/1983 1.40 5 59.0 392951 831700
02530 - Rdcky Fk Paint Creek 06/29/1985  18.10 2 34.0 391043 833307
02530 - Rocky Fk Paint Creek 08/06/1985  18.10 2 34.0 391043 833307
02530 - Rocky Fk Paint Creek 08/27/1985  18.10 2 34.0 391043 833307

UPPER PAINT CREEK :

02550 - Rattlesnake Creek 07/11/1984  15.00 5 123.0 392402 832923
02550 - Rattlesnake Creek 08/30/1984  15.00 5 123.0 392402 832923
02550 - Rattlesnake Creek 09/17/1984  15.00 5 123.0 392402 832923

SALT CREEK
02600 - Salt Creek 08/23/1983  25.90 4 174.0 392451 823839
02600 - Salt Creek 09/08/1983  25.90 4 174.0 392451 823839
02600 - Salt Creek 10/05/1983  25.90 4 174.0 392451 823839
02611 - M. Fk. Salt Lick Cr. 09/09/1988 0.30 4 109.0 391300 824542

LOWER SCIOTO RIVER AND SCIOTO BRUSH CREEK
02710 - S Fk Scioto Brush Cr 08/07/1984 0.60 4 112.0 385123 831151
02710 - S Fk Scioto Brush Cr 09/24/1984 0.60 4 112.0 385123 831151
02710 - S Fk Scioto Brush Cr 0.60 B 112.0 385123 831151

10/09/1984

11/03/2006
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

LOWER SANDUSKY RIVER

. ) ) . Eco- Drainage ) ]
River Code/River Date River Mile Region _ (sq. mi.) Latitude Longitude
SCIOTO RIVER (SUNFISH CREEK AND BEAVER CREEK)
02800 - Sunfish Creek 07/27/1983 8.00 4 132.0 390248 830743
02800 - Sunfish Creek 09/29/1983 8.00 4 132.0 390248 830743
UPPER GRAND RIVER '
03001 - Grand River 08/30/1983  83.50 3 85.0 412436 805452
03001 - Grand River 09/20/1983  83.50 3 '85.0 412436 805452
LOWER GRAND RIVER
03120 - Mill Creek 07/24/1984  10.00 3 80.0 414548 804722
03120 - Mill Creek 09/05/1984  10.00 3 80.0 414548 804722
03120 - Mill Creek 10/02/1984  10.00 3 ©80.0 414548 804722
03120 - Mill Creek 08/31/1983  17.20 3 49.0 414451 804331
03120 - Mill Creek 09/20/1983  17.20 3 49.0 414451 804331
UPPER GRAND RIVER
03130 - Rock Creek 08/19/1987 0.80 3 576 413938 805156
LOWER AUGLAIZE RIVER .
04110 - Powell Creek 08/01/1984 430 1 93.0 411323 842109
04110 - Powell Creek 08/25/1983 440 1 93.0 411323 842108
04110 - Powell Creek 09/14/1983 4.40 1 93.0 411323 842108
04110 - Powell Creek 10/12/1983 440 1 93.0 411323 842108
UPPER BLANCHARD RIVER : :
04160 - Blanchard River 09/02/1983  71.80 5 145.0 405731 833237
04160 - Blanchard River 09/22/1983  71.80 5 1450 405731 833237
04160 - Blanchard River 08/29/1983  88.30 5 83.0 404901 833255
04160 - Blanchard River 09/22/1983  88.30 5 83.0 404901 833255
04185 - Eagle Creek 08/28/1984 . 11.80 5 37.0 413337 834035
OTTAWA RIVER :
04200 - Ottawa River 07/01/1985  46.10 5 98.3 404558 840039
04200 - Ottawa River 08/01/1985  46.10 5 98.3 404558 840039
04200 - Ottawa River 08/28/1985  46.10 5 98.3 404558 840039
04200 - Ottawa River 08/04/1987  46.10 5 98.3 404558 840039
04200 - Ottawa River 08/25/1987  46.10 5 98.3 404558 840039
04200 - Ottawa River 09/16/1987  46.10 5 98.3 404558 840039
04203 - Sugar Creek 08/21/1984 0.70 1 64.0 405715 841043
04203 - Sugar Creek 09/26/1984 0.70 1 64.0 405715 841043
04203 - Sugar Creek 10/15/1984 0.70 1 ' 64.0 405715 841043
04203 - Sugar Creek 07/25/1985 3.50 1 58.0 405555 841005
04203 - Sugar Creek 08/21/1985 3.50 1 58.0 405555 841005
04203 - Sugar Creek 09/23/1985 3.50 1 58.0 405555 841005
UPPER AUGLAIZE RIVER
04230 - Jennings Creek 07/18/1988 7.60 1 39.5 404951 842115
04230 - Jennings Creek 09/07/1988 7.60 1 395 404951 842115
TIFFIN RIVER
04617 - Beaver Creek 08/26/1983 2.30 5 430 412811 842749
04617 - Beaver Creek 09/14/1983 2.80 5 430 412811 = 842749
MIDDLE SANDUSKY RIVER
05200 - Honey Creek 08/29/1983  12.50 5 154.0 410120 830635
05200 - Honey Creek 09/15/1983 12.50 5 154.0 410120 830635
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

) . Eco- Drainage '

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
05219 - Muddy Creek 07/26/1984  21.10 1 43.0 412152 831438
05219 - Muddy Creek 08/29/1984  21.10 1 43.0 412152 831438
05219 - Muddy Creek 09/26/1984  21.10 1 43.0 412152 831438

TYMOCHTEE CREEK ‘
05300 - Tymochtee Creek 08/07/1979 6.10 ) 232.0 405600 831911
05300 - Tymochtee Creek 08/07/1979 8.60 5 229.0 405459 832119
CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK) .
06100 - Captina Creek 08/10/1983 6.70 4 154.0 395309 805213
06100 - Captina Creek 09/15/1983 . 6.70 4 154.0 395309 805213
06100 - Captina Creek 10/12/1983 . 6.70 4 154.0 395309 "805213
06100 - Captina Creek 08/10/1983  14.50 4 134.0 395433 805527
06100 - Captina Creek 09/14/1983  14.50 4 134.0 395433 805527
06100 - Captina Creek 10/11/1983  14.50 4 134.0 395433 805527
06100 - Captina Creek 08/12/1983  20.50 4 91.0 395403 805807
06100 - Captina Creek 09/14/1983  20.50 4 91.0 395403 805807
06100 - Captina Creek 10/11/1983  20.50 4 91.0 395403 805807
06106 - Bend Fork 08/11/1983 0.60 - 4 27.0 395505 805807
06106 - Bend Fork 09/27/1983  0.60 4 27.0 395505 805807
06117 - S. Fk. Captina Creek 08/04/1983 0.20 4 36.0 395420 810241
06117 - S. Fk. Captina Creek 09/13/1983 0.20 4 36.0 395420 810241
06123 - N. Fk. Captina Creek 08/09/1983 0.50 4 33.0 395445 810250
06123 - N. Fk. Captina Creek 09/14/1983 0.50 4 330 395445 810250
06123 - N. Fk. Captina Creek 10/10/1983 0.50 4 33.0 395445 810250
LITTLE MUSKINGUM RIVER
06400 - Little Muskingum R. 08/24/1983  17.30 4 253.0 392858 811606
06400 - Little Muskingum R. 09/08/1983  17.30 4 253.0 392858 811606
06440 - Witten Fork 07/26/1984 - 110 4 42.0 393752 810310 °
06440 - Witten Fork 09/19/1984 1.10 - 4 42.0 393752 810310
06440 - Witten Fork 10/15/1984 1.10 4 42.0 393752 810310
CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK)
06700 - Sunfish Creek 07/28/1983 5.00 4 101.0 394455 805448
06700 - Sunfish Creek 09/29/1983 5.00 4 101.0 394455 805448
06700 - Sunfish Creek 10/13/1983 5.00 4 101.0 394455 805448
06700 - Sunfish Creek 08/03/1983 7:10 4 99.0 394603 805609
06700 - Sunfish Creek 09/28/1983 7.10 4 99.0 394603 805609
06700 - Sunfish Creek 08/03/1983  17.30 4 - 49.0 394626 810300
06700 - Sunfish Creek 10/05/1983  17.30 4 49.0 394626 810300
06700 - Sunfish Creek 08/02/1983  23.90 4 22.0 394735 810628
06700 - Sunfish Creek 10/03/1983  23.90 4 22.0 394735 810628
CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK) ‘
06910 - N. Fk. Yellow Creek 09/13/1983 0.80 4 58.0 403347 804243
06910 - N. Fk. Yellow Creek - 10/05/1983 0.80 4 58.0 403347 804243
06910 - N. Fk. Yellow Creek 09/15/1983 6.20 4 41.0 403607 804618
06910 - N, Fk. Yellow Creek 10/06/1983 6.20 4 41.0 403607 804618
06931 - Elkhorn Creek 08/25/1983 0.50 4 34.1 403047 805409
06931 - Elkhomn Creek 09/21/1983 0.50 4 34.1 403047 . 805409
06931 - Elkhorn Creek 10/06/1983 0.50 4 34.1 403047 805409

ASHTABULA RIVER AND CONNEAUT CREEK
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
07001 - Ashtabula River 08/31/1983  27.20 3 65.1 414904 803716
07001 - Ashtabula River 09/20/1983  27.20 3 65.1 414904 803716
07004 - W. Br. Ashtabula R. 08/31/1983 1.90 3 27.0 414724 803659
07004 - W. Br. Ashtabula R. 09/20/1983 1.90 3 27.0 414724 803659

LITTLE BEAVER CREEK :
08001 - Little Beaver Creek 07/09/1985  15.00 4 261.0 404334 803702
08001 - Little Beaver Creek 08/08/1985  15.00 4 261.0 404334 803702
08001 - Little Beaver Creek 08/26/1985  15.00 4 261.0 404334 803702
08100 - N. Fk. L. Beaver Cr. 08/06/1985 7.60 4 106.0 404729 803109
08100 - N. Fk. L. Beaver Cr. 08/27/1985 7.60 4 106.0 404729 803109
08103 - Bull Creek 07/03/1985 1.90 3 40.0 404732 803352
08103 - Bull Creek 08/07/1985 1.90 3 40.0 404732 803352
08103 - Bull Creek 08/28/1985 1.90 3 40.0 404732 803352
08200 - M. Fk. L. Beaver Cr. 07/18/1985 1.90 4 141.0 404400 803828
08200 - M. Fk. L. Beaver Cr. 08/26/1985 190 - 4 141.0 404400 803828
08200 - M. Fk. L. Beaver Cr. 07/18/1985 9.00 4 1140 404556 804321
08200 - M. Fk. L. Beaver Cr. 08/08/1985 9.00 4 114.0 404556 804321
08200 - M. Fk. L. Beaver Cr. 08/27/1985 9.00 4 114.0  -404556 804321
08300 - W. Fk, L. Beaver Cr. 07/23/1985 0.80 4 111.0 404306 803811
08300 - W. Fk. L. Beaver Cr. 08/13/1985 0.80 4 111.0 - 404306 803811
08300 - W. Fk. L. Beaver Cr. 09/09/1985 0.80 4 111.0 404306 803811
08300 - W. Fk. L. Beaver Cr. 07/25/1985  12.90 4 74.0 .. 404216 804636
08300 - W. Fk. L. Beaver Cr. 08/14/1985  12.90 4 74.0 404216 804636
08300 - W. Fk. L. Beaver Cr. 09/10/1985  12.90 4 74.0 404216 804636
08300 - W. Fk. L. Beaver Cr. 09/22/1987  12.90 4 74.0 404216 804636
SE TRIBS (LITTLE SCIOTO RIVER AND PINE CREEK)
09400 - Pine Creek : 07/27/1983  20.50 4 107.0 383819 824425
09400 - Pine Creek 09/03/1983  20.50 4 107.0 383819 824425
09400 - Pine Creek 10/06/1983  20.50 4 107.0 383819 824425
SE TRIBS (SHADE RIVER) ‘
09600 - Shade River 08/30/1984  16.40 4 128.0 390455 815504
09600 - Shade River 09/25/1984  16.40 4 128.0 390455 815504
09600 - Shade River 10/10/1984  16.40 4 128.0 390455 815504
SW TRIBS (EAGLE CREEK AND STRAIGHT CREEK)
10100 - Eagle Creek ‘ 07/26/1983  11.60 2 117.0 384611 834410
10100 - Eagle Creek 09/07/1983  11.60 2 117.0 384611 834410
10100 - Eagle Creek 09/29/1983  11.60 2 117.0 384611 834410
OHIO BRUSH CREEK »
10200 - Ohio Brush Creek 08/07/1984  15.20 2 371.0 384935 832550
10200 - Ohio Brush Creek 09/20/1984  15.20 2 371.0 384935 832550
10200 - Ohio Brush Creek 10/09/1984  15.20 2 371.0 384935 832550
10200 - Ohio Brush Creek 06/23/1987  15.20 2 371.0 384935 832550
10200 - Ohio Brush Creek 09/01/1987  15.20 2 371.0 384935 832550
10200 - Ohio Brush Creek 06/23/1987  25.10 2 315.0 385412 832705
10200 - Ohio Brush Creek 09/01/1987  25.10 2 315.0 385412 832705
10200 - Ohio Brush Creek 06/25/1987  39.40 2 133.0 390048 832537
10200 - Ohio Brush Creek 09/04/1987  39.40 2 133.0 390048 832537
10200 - Ohio Brush Creek 06/25/1987  44.70 2 450 390205 832847
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

: . Eco- Drainage
River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
10200 - Ohio Brush Creek 09/04/1987  44.70 2 450 390205 832847
10220 - W. Fk. Ohio Brush Cr 06/24/1987 1.10 2 140.0 385613 832903
10220 - W. Fk. Ohio Brush Cr 09/02/1987 1.10 2 140.0 385613 832903
10220 - W. Fk. Ohio Brush Cr 07/01/1987  12.70 2 282 385827 833651
10220 - W. Fk. Ohio Brush Cr 09/02/1987  12.70 2 28.2. 385827 833651
10224 - Cherry Fork 08/05/1987 2.60 2 209 385428 833238
SW TRIBS (WHITEOAK CREEK, INDIAN CREEK, BEAR CREEK)
10400 - Whiteoak Creek 10/06/1987 6.60 2 222.0 385129 835543
10400 - Whiteoak Creek 09/07/1983  12.80 2 213.0 385347 835518
10400 - Whiteoak Creek 09/28/1983  12.80 2 213.0 385347 835518
10420 - E. Fk. Whiteoak Cr. 10/06/1987  3.20 2 73.0 390025 835002
10430 - N. Fk. Whiteoak Cr. 07/26/1983 6.80 2 51.0° 390354 835104
10430 - N. Fk. Whiteoak Cr. 09/07/1983 6.80 2 51.0 390354 835104
10430 - N. Fk. Whiteoak Cr. 09/28/1983 6.80 2 5.0 390354 835104
UPPER LITTLE MIAMI RIVER : , '
11001 - Little Miami River 08/26/1983  85.40 5 104.0 394657 835230
11001 - Little Miami River 09/07/1983  85.40 5 104.0 394657 835230
11001 - Little Miami River - 10/04/1983  85.40 5 104.0 394657 835230
LOWER LITTLE MIAMI RIVER .
11010 - O'Bannon Creek 08/08/1983 0.30 2 :58.0 391609 841513
11010 - O'Bannon Creek 10/06/1983 0.30 2 58.0 391609 . 841513
EAST FORK LITTLE MIAMI RIVER
11100 - E. Fk. Little Miami 09/16/1982  35.60 2 235.0 390337 840251
11100 - E. Fk. Little Miami 10/06/1982  35.60 2 235.0 390337 840251
11100 - E. Fk. Little Miami 09/13/1982  41.20 2 222.0 390559 840223
11100 - E. Fk. Little Miami 10/06/1982 4120 2 222.0 390559 840223
11100 - E. Fk. Little Miami 10/14/1982  41.20 2 222.0 390559 840223
11100 - E. Fk. Little Miami 07/26/1983  54.20 2 164.0 390957 835636
11100 - E. Fk. Little Miami 05/08/1983  54.20 2 164.0 390957 835636
11100 - E. Fk. Little Miami 09/28/1983  54.20 2 164.0 390957 835636
11100 - E. Fk. Little Miami 09/13/1982 7530 5 26.0 391618 834657
11100 - E. Fk. Little Miami 09/22/1982  75.30 D) 26.0 391618 834657
11100 - E. Fk. Little Miami 10/14/1982 7530 5 26.0 391618 834657
11107 - Stonelick Creek 10/07/1982 1.20 2 76.0 390716 841206
11107 - Stonelick Creek 10/15/1982 120 2 76.0 390716 841206
11107 - Stonelick Creek 08/16/1984 1.20 2 76.0 = 390716 841206
11107 - Stonelick Creek 09/19/1984 1.20 2 76.0 390716 841206
11107 - Stonelick Creek 10/04/1984 1.20 2 76.0 390716 841206
11107 - Stonelick Creek 10/05/1987 3.10 2 71.0 390822 841105
11150 - W Fk E Fk L Miami R 06/30/1982 0.20 2 28.0 391353 835445
11150 - W Fk E Fk L Miami R 09/22/1982 0.20 2 28.0 391353 835445
11150 - W Fk E Fk L Miami R 10/14/1982 0.20 2 28.0 391353 835445
11151 - Dodson Creek 09/23/1982 0.20 2 324 391320 834841
11151 - Dodson Creek 10/05/1982 0.20 2 324 391320 834841
11151 - Dodson Creek 10/14/1982 0.20 2 324 391320 834841
TODD FORK
11200 - Todd Fork 07/17/1984  20.30 5 540 © 392645 835619
11200 - Todd Fork 08/16/1984  20.30 5 54.0 392645 835619
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Appendix Table A-1

. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

. . Eco- Drainage
River Code/River Date River Mile Region (sq. mi.) Latitude Longitude’
11200 - Todd Fork 09/25/1984  20.30 5 540 392645 835619
CAESAR CREEK .
11306 - Anderson Fork 07/18/1984 5.00 5 77.0 393357 835408
11306 - Anderson Fork 08/21/1984 5.00 5 77.0 393357 835408
11306 - Anderson Fork 09/13/1984 5.00 5 77.0 393357 835408
VERMILION RIVER
12001 - Huron River 08/06/1984  14.50 1 350.0 411729 823814
12001 - Huron River 09/25/1984  14.50 1 350.0 411729 823814
12200 - W. Br. Huron River 06/25/1984 3.70 5 220.0 411647 824034
12200 - W. Br. Huron River 08/07/1984  3.70 5 2200 411647 824034
12200 - W. Br. Huron River 09/25/1984 3.70 5 220.0. 411647 824034
12200 --W. Br. Huron River 10/06/1987 7.70 5 217.0 411442 824124
12206 - Slate Run 07/16/1984 4.10 5 39.0 411109 824351
12206 - Slate Run 09/13/1984 4.10 5 39.0 411109 824351
12206 - Slate Run 09/26/1984 4.10 5 39.0 411109 824351
MIDDLE GREAT MIAMI RIVER '
14010 - Indian Creek 07/25/1983 4.10 5 102.0 392146 843834
14010 - Indian Creek 09/02/1983 4.10 5 102.0 392146 843834
14010 - Indian Creek 09/27/1983 4.10 5 102.0 392146 843834
14010 - Indian Creek 08/21/1985 4.90 5 101.0 392159 843912
14010 - Indian Creek- 08/16/1985 9.40 5 82.0 392412 844106
14010 - Indian Creek 09/24/1985 9.40 5 82.0 392412 844106
- 14022 - Elk Creek ' 09/10/1987 3.70 5 37.5 393112 842800
GREAT MIAMI RIVER AND LORAMIE CREEK
14043 - Honey Creek ‘ 09/21/1982 320 5 86.0 395808 840632
14043 - Honey Creek 09/21/1982  10.00 5 340 395627 840102
14043 - Honey Creek 09/29/1982  10.00 5 340 395627 840102
14048 - Lost Creek 08/13/1982 2.50 5 58.0 395957 841000
14048 - Lost Creek 09/29/1982 2.50 5 58.0 - 395957 841000
14048 - Lost Creek 09/23/1982 8.20 5 440 400304 840822
14048 - Lost Creek 09/14/1982 9.70 5 31.0 400441 840803
14050 - Spring Creek 07/19/1983 1.00 5 26.0 400424 841148
14050 - Spring Creek 08/30/1983 1.00 5 26.0 400424 841148
14050 - Spring Creek 09/26/1983 1.00 5 26.0 400424 841148
14050 - Spring Creek 09/10/1982 1.10 5 26.0 400424 841145
14050 - Spring Creek 09/28/1982 1.10 5 26.0 400424 841145
MAD RIVER ' : ‘
14100 - Mad River 07/31/1986  53.10 5 34.0 401556 834507
14100 - Mad River 07/19/1984  53.20 5 34.0 401602 834505
14100 - Mad River 09/19/1984  53.20 5 340 401602 834505
14100 - Mad River 10/10/1984  53.20 5 34.0 401602 834505
14111 - Beaver Creek 07/09/1984 0.70 5 39.0 395625 834455
14111 - Beaver Creek 09/21/1984 0.70 5 39.0 395625 834455
14111 - Beaver Creek 10/12/1984  0.70 5 39.0 395625 834455
STILLWATER RIVER
14200 - Stillwater River 08/18/1982  47.80 5 112.0 401127 843132
14200 - Stillwater River 10/14/1982  47.80 5 112.0 401127 843132
14200 - Stillwater River 07/19/1983  51.20 5 106.0 401032

843308
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

. . . Eco- Drainage .

River Code/River Date River Mile Region (sq.mi.) Latitude Longitude
14200 - Stillwater River 08/31/1983  51.20 5 106.0 401032 843308
14200 - Stillwater River 09/26/1983  51.20 5 106.0 401032 843308

TWIN CREEK
14500 - Twin Creek 07/21/1986  19.20 5 225.0 393921 843041
14500 - Twin Creek - 08/12/1986  19.20 5 225.0 393921 843041
14500 - Twin Creek 09/04/1986  19.20 5 225.0 393921 843041
14500 - Twin Creek 06/30/1986  35.50 5 69.0 395109 843157
14500 - Twin Creek » \ 08/05/1986  35.50 5 69.0 395109 843157
14500 - Twin Creek 09/02/1986  35.50 5 69.0 395109 843157
14500 - Twin Creek 07/25/1983  37.90 5 34.0 395156 843359
14500 - Twin Creek 08/31/1983  37.90 5 34.0 395156 843359
14500 - Twin Creek 09/27/1983  37.90 5 34.0 395156 843359
14500 - Twin Creek 07/25/1983 4220 5 28.0 395348 843541
14500 - Twin Creek 08/31/1983  42.20 5 28.0 395348 843541
14500 - Twin Creek- - 09/27/1983  42.20 5 28.0 395348 843541
14505 - Bantas Fork 06/30/1986 1.30 5 34.0 . 394332 843207
14505 - Bantas Fork 08/06/1986 1.30 5 34.0 394332 843207
14505 - Bantas Fork 09/05/1986 1.30 5 34.0 394332 843207
UPPER GREAT MIAMI RIVER
14800 - S. Fk. Great Miami R 08/14/1984 1.50 5 51.0 402826 835027
14800 - S. Fk. Great Miami R 09/17/1984 1.50 5 -51.0 402826 835027
14800 - S. Fk. Great Miami R 10/02/1984 1.50 5 51.0 402826 835027
LAKE ERIE TRIBS (CHAGRIN RIVER) ,
15001 - Chagrin River ’ 07/16/1986 ~ 4.00 3 246.0 413833 812411
15001 - Chagrin River 08/12/1986 4.00 3 246.0 413833 812411
15001 - Chagrin River 09/09/1986 4.00 3 246.0 413833 812411
15001 - Chagrin River 07/14/1986  33.40 3 54.0 412745 812110
15001 - Chagrin River 08/06/1986  33.40 3 540 412745 812110
15001 - Chagrin River 09/08/1986  33.40 3 54.0 412745 812110
UPPER PORTAGE RIVER .
16100 - S. Br. Portage River 08/03/1988 8.30 1 542 411622 833057
16100 - S. Br. Portage River 109/15/1988 8.30 1 54.2 411622 833057
16103 - Rocky Ford Creek 09/18/1985  15.10 1 32.0 410755 833859
LAKE ERIE TRIBS (MAUMEE RIVER TO PORTAGE RIVER)
16215 - Toussaint Creek : ' 07/15/1987  20.00 1 60.0 413012 832012
16215 - Toussaint Creek 09/29/1987  20.00 1 60.0 413012 832012
LOWER MUSKINGUM RIVER
17035 - S. Br. Wolf Creek 08/02/1984 490 4 73.0 392945 813950
17035 - S. Br. Wolf Creek 09/20/1984 490 4 73.0 392945 813950
17035 - S. Br. Wolf Creek 10/11/1984 4.90 4 73.0 392945 813950
17044 - W. Br. Wolf Creek 08/01/1984 3.50 4 140.0 393114 814214
17044 - W. Br. Wolf Creek 09/26/1984 3.50 4 140.0 393114 814214
17070 - Olive Green Creek 08/01/1984 2.70 4 79.0 393511 813908
17070 - Olive Green Creek 09/26/1984 2.70 4 79.0 393511 813908
17070 - Olive Green Creek 10/11/1984 2.70 4 79.0 393511 813908
KILLBUCK CREEK
17153 - Doughty Creek 08/16/1983 0.70 4 59.0 402507 815632
17153 - Doughty Creek 10/12/1983 0.70 4 59.0 402507

815632

11/03/2006

A-1- 8



Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
17181 - Apple Creek 08/15/1983 6.40 3 23.0 404635 815216
17181 - Apple Creek 10/11/1983 6.40 3 23.0 404635 815216

LICKING RIVER .
17210 - Rocky Fk. Licking R. ‘ 06/19/1986 - 2.00 4 76.0 400449 821558
17210 - Rocky Fk. Licking R. : 07/17/1986 2.00 4 76.0 400449 821558
17210 - Rocky Fk. Licking R. 08/07/1986 2.00 4 76.0 400449 821558
17210 - Rocky Fk. Licking R. 08/29/1983 2.10 4 76.0 = 400449 = 821558
17210 - Rocky Fk. Licking R. 10/05/1983 2.10 4 76.0 400449 821558
17211 - Lost Run 06/19/1986 030 3 23.0 400737  821801.
17211 - Lost Run 07/17/1986 0.30 3 23.0 400737 821801
17211 - Lost Run "~ - 08/07/1986 030 3 23.0 400737 821801
17250 - N. Fk. Licking River 07/09/1984  24.00 3 64.0 401516 823034
17250 - N. Fk. Licking River 08/28/1984  24.00 3 64.0 401516 823034
17250 - N. Fk. Licking River ' 10/01/1984.  24.00 3 64.0 401516 823034
17260 - Lake Fk. Licking R. . 07/09/1984 0.10 3 34.0 401212 822629
17260 - Lake Fk. Licking R. 08/28/1984 0.10 3 340 401212 822629
17260 - Lake Fk. Lieking R. 10/01/1984 0.10 3 340 401212 822629
17260 - Lake Fk. Licking R. 07/20/1982 0.20 3 340 401212 822624
17260 - Lake Fk. Licking R. ’ 09/27/1982 0.20 3 340 401212 822624
MIDDLE MUSKINGUM RIVER ‘
17310 - Jonathan Creek , 07/10/1984  12.30 4 105.0 395246 821258
17310 - Jonathan Creek . 08/22/1984 1230 4 105.0 395246 821258
17310 - Jonathan Creek 09/27/1984  12.30 4 105.0 395246 821258
SUGAR CREEK , ' . :
17400 - Sugar Creek 09/27/1983 380 - 4 337.0 403312 813022
17400 - Sugar Creek 08/09/1988 3.80 4 337.0 403312 813022
17400 - Sugar Creek - 09/22/1988 3.80 4 337.0 403312 813022
17406 - M. Fk. Sugar Creek 10/14/1987 1.70 3 63.0 404111 813641
SANDY CREEK ,
17462 - M Br Nimishillen Cr. 07/01/1985 6.80 3 340 405228 811926
17462 - M Br Nimishillen Cr. ' 07/24/1985 6.80 3 340 405228 811926
17462 - M Br Nimishillen Cr. 08/07/1985 6.80 3 34.0 405228 811926
UPPER TUSCARAWAS RIVER ' _
17500 - Tuscarawas River 07/13/1983 119.40 3 35.0 410028 812925
17500 - Tuscarawas River . 10/04/1983 119.40 "3 35.0 410028 812925
LOWER TUSCARAWAS RIVER , , ’
17502 - White Eyes Creek 08/30/1983 0.30 4 53.0 401746 814446
17502 - White Eyes Creek , 09/27/1983 0.30 4 53.0 401746 814446
KOKOSING RIVER
17654 - Jelloway Creek 07/07/1987 4.40 3 37.5 402655 821740
17654 - Jelloway Creek 08/04/1987 4.40 3 37.5 402655 821740
17662 - Schenck Creek 07/07/1987 2.80 3 393 402436 - 822213
17662 - Schenck Creek 08/05/1987 2.80 3 39.3 402436 822213
17674 - N. Br. Kokosing R. 06/30/1987 6.30 3 84.0 402908 823234
17674 - N. Br. Kokosing R. , ~ 08/04/1987 6.30 3 84.0 402908 823234
17674 - N. Br. Kokosing R. - 09/01/1987 6.30 3 84.0 402908 823234
LAKE FORK, JEROME FORK, MUDDY FORK MOHICAN RIVER
17714 - Muddy Fk. Mohican R. : 08/26/1983  12.80 3 430 405332 820822
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Appendix Table A-1. List of Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

] Eco- Drainage .

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
17714 - Muddy Fk. Mohican R. 09/21/1983  12.80 3 43.0 405332, 820822
17718 - Jerome Fork 08/07/1984  13.00 3 38.8 405303 821705
17718 - Jerome Fork 09/18/1984  13.00 3 38.8 405303 821705
17718 - Jerome Fork » 10/15/1984  13.00 3 38.8 405303 821705

UPPER MUSKINGUM RIVER AND WAKATOMIKA CREEK v
17960 - Wakatomika Creek - 07/23/1984 2.00 4 231.0 400800 820138
17960 - Wakatomika Creek 09/17/1984 2.00 4 231.0 400800 820138
17960 - Wakatomika Creek 06/29/1988 2.00 4 231.0 400800 820138
17960 - Wakatomika Creek 08/26/1988 2.00 4 231.0 400800 820138
17960 - Wakatomika Creek 06/29/1988  12.50 4 154.0 400630 820741
17960 - Wakatomika Creek 08/26/1988  14.90 4 140.0 ~ 400752 820849
UPPER MAHONING RIVER
18001 - Mahoning River 07/25/1984  93.30 3 44.0 405302 810153
18001 - Mahoning River 09/17/1984  93.30 3 440 405302 810153
18001 - Mahoning River 10/11/1984  93.30 3 440 405302 810153
UPPER CUYAHOGA RIVER '
19001 - Cuyahoga River ©09/01/1988  64.50 3 177.0 411459 811651
19028 - Breakneck Creek 08/30/1983 6.80 3 56.2 410822 811607
19028 - Breakneck Creek 09/19/1983 6.80 3 56.2 410822 811607
19028 - Breakneck Creek 07/30/1984 6.80 3 56.2 410822 811607
19028 - Breakneck Creek 08/13/1984 6.80 3 56.2 410822 811607
19028 - Breakneck Creek 09/10/1984 6.80 3 56.2  410822° 811607
. HURON RIVER . '
21001 - Vermilion River 08/30/1983  10.70 5 251.0 412136 822007
21001 - Vermilion River 09/19/1983  10.70 5 251.0 412136 822007
21001 - Vermilion River 07/12/1988  10.70 5 251.0 412136 822007
21001 - Vermilion River 08/23/1988  10.70 S . 251.0 ° 412136 822007
21001 - Vermilion River 09/27/1988  10.70 5 251.0 412136 822007
21001 - Vermilion River 07/14/1988  33.60 5 130.0 411140 822455
21001 - Vermilion River 09/28/1988  33.60 5 130.0 411140 822455
* 21001 - Vermilion River 07/13/1987  44.50 3 78.0 410631 822847
21001 - Vermilion River 09/01/1987  44.50 3 78.0 410631 822847
21006 - Buck Creek 07/21/1987 1.10 3 19.7 410335 822609
21006 - Buck Creek 09/01/1987 1.10 3 19.7 410335 822609

11/03/2006

A-1-10



Appendix Table A-2. List of Ohio Reference Sites (Fish - Boat Passes)

: Eco- Drainage . :
River Code/River Date River Mile Region. (sq. mi.) Latitude Longitude
LOWER SCIOTO RIVER AND SCIOTO BRUSH CREEK
02001 - Scioto River 08/01/1985 9.00 4 64710 385000 830109
02001 - Scioto River 08/22/1985 9.00 4  6471.0 385000 830109
02001 - Scioto River 09/19/1985 9.00 4 6471.0 385000 830109
SCIOTO RIVER (SUNFISH CREEK AND BEAVER CREEK)
02001 - Scioto River ‘ 07/30/1985  56.00 4  5131.0 391228 825145
02001 - Scioto River 08/20/1985  56.00 4 5131.0 391228 825145
02001 - Scioto River 09/17/1985 . 56.00 4  5131.0 391228 825145
MIDDLE SCIOTO RIVER (INCLUDING DEER CREEK)
02001 - Scioto River 08/04/1988  70.40 4  3849.0 392031 825800
02001 - Scioto River 09/07/1988  70.40° 4  3849.0 392031 825800
02001 - Scioto River 10/06/1988  70.40 4  3849.0 392031 825800
02001 - Scioto River 08/21/1986 100.20 5 31970 393623 825724
02001 - Scioto River 09/11/1986 100.20 5 3197.0 393623 825724
02001 - Scioto River 07/29/1987 100.20 5 31970 393623 825724
02001 - Scioto River 09/24/1987 100.20 5 31970 393623 825724
02001 - Scioto River 07/28/1988 100.20 5 31970 393623 825724
02001 - Scioto River 08/25/1988 100.20 5 31970 393623 825724
02001 - Scioto River 09/28/1988 100.20 5 31970 393623 825724
WALNUT CREEK : '
02001 - Scioto River 08/21/1986 102.00 5 26380 393750 825742
02001 - Scioto River 09/11/1986 102.00 5 2638.0 393750 825742
02001 - Scioto River 07/29/1987 102.00 5 2638.0 393750 825742
02001 - Scioto River 08/27/1987 102.00 5  2638.0 393750 825742
02001 - Scioto River 09/24/1987 102.00 5 2638.0 393750 825742
02001 - Scioto River 07/28/1988 102.00 5 26380 393750 825742
02001 - Scioto River 08/25/1988  102.00 5 26380 393750 825742
02001 - Scioto River 09/28/1988 102.00 5 26380 393750 825742
02001 - Scioto River 08/21/1986 . 105.20 5 26100 394015 825921
02001 - Scioto River 09/18/1986 105.20 5 2610.0 394015 825921
02001 - Scioto River 07/29/1987 105.20 5 26100 394015 825921
02001 - Scioto River 08/27/1987 105.20 5 26100 394015 825921
02001 - Scioto River 09/24/1987 10520 5 26100 394015 825921
02001 - Scioto River 07/28/1988 105.20 5 26100 394015 825921
02001 - Scioto River 08/25/1988 105.20 5 26100 394015 - 825921
02001 - Scioto River 09/28/1988 105.20 5 2610.0 394015 825921
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER
02001 - Scioto River 07/28/1987 179.60 5 407.0 403249 831312
02001 - Scioto River 08/19/1987 179.60 5 407.0 403249 831312
02001 - Scioto River 09/14/1987 179.60 5 407.0 403249 831312
02001 - Scioto River 07/26/1984 201.20 5 226.0 403633 832623
02001 - Scioto River 09/05/1984 201.20 5 226.0 403633 832623
‘WALNUT CREEK
02078 - Walnut Creek 09/03/1982 3.80 5 273.0 394245 825811
02078 - Walnut Creek 09/17/1982 3.80 5 273.0 394245 825811
02078 - Walnut Creek 10/06/1982 3.80 5 273.0 394245 825811
02078 - Walnut Creek 09/17/1982 - 9.30 5 212.0 394506 825508
02078 - Walnut Creek 10/06/1982 9.30 5 212.0 394506 825508
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Appendix Table A-2. List of Ohio Reference Sites (Fish - Boat Passes)

. Eco- Drainage o
River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
02078 - Walnut Creek 08/27/1982  18.90 5 183.0 395042 825253
02078 - Walnut Creek 09/14/1982 1890 5 183.0 395042 825253
02078 - Walnut Creek 10/12/1982  18.90 5 183.0 395042 825253
BIG WALNUT CREEK '
02100 - Big Walnut Creek 07/16/1986  15.80 5 2720 395258 825456
- 02100 - Big Walnut Creek 08/06/1986  15.80 5 272.0 395258 825456
02100 - Big Walnut Creek 09/23/1986  15.80 5 272.0 395258 825456
BIG DARBY CREEK
02200 - Big Darby Creek 08/06/1981 3.70 5 551.0 393754 830047
02200 - Big Darby Creek 08/12/1988  13.20 5 534.0 394159 830630
02200 - Big Darby Creek 07/15/1981  24.00 5 498.0 394816 831000
02200 - Big Darby Creek 08/20/1981  24.00 5 498.0 394816 831000
02200 - Big Darby Creek 08/10/1987  24.00 5 498.0 394816 831000
02200 - Big Darby Creek 07/20/1979  25.00 5 496.0 394840 830915
02200 - Big Darby Creek 07/20/1979  26.70 -5 453.0 394939 831013
02200 - Big Darby Creek 07/24/1981  29.30 5 449.0 395055 831127
02200 - Big Darby Creek 08/17/1981  29.30 5 449.0 395055 831127
02200 - Big Darby Creck 09/16/1981  29.30 5 4490 395055 831127
02200 - Big Darby Creek 07/19/1979  30.10 5 448.0 395046 831204
02200 - Big Darby Creek 07/19/1979 " 31.80 5 446.0 395155 831257
02200 - Big Darby Creek '07/14/1981  42.00 5 240.0 395901 831457
02200 - Big Darby Creek 08/18/1981  42.00 5 240.0 395901 831457
02200 - Big Darby Creek 09/09/1981  .42.00 5 240.0 395901 831457
02200 - Big Darby Creek 07/08/1981 -55.30 5 135.0 400653 831711
-02200 - Big Darby Creek 08/19/1981  55.30 5 1350 400653 831711
02200 - Big Darby Creek 07/07/1981  62.50 5 121.0 400901 832255
02200 - Big Darby Creek 09/08/1981  62.50 5 121.0 400901 832255
LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK) V
02500 - Paint Creek 08/19/1985 5.00 4 1137.0 391835 825928
02500 - Paint Creek 09/16/1985 5.00 4 1137.0 391835 825928
02510 - N. Fk. Paint Creek 08/03/1983  17.60 5 160.0 392529 831258
SALT CREEK
02600 - Salt Creek 08/01/1984 9.90 4 286.0 391537 824553
02600 - Salt Creek 08/30/1984° 9.90 4 286.0 391537 824553
02600 - Salt Creek 10/10/1984 9.90 4 286.0 391537 824553
LOWER GRAND RIVER ’
03001 - Grand River . 07/22/1987 6.10 3 687.0 414410 811410
03001 - Grand River 08/18/1987 6.10 3 687.0 414410 811410
03001 - Grand River 07/22/1987 1340 3 630.0 414326 811116
03001 - Grand River 08/18/1987  13.40 3 630.0 414326 811116
03001 - Grand River 08/18/1987  22.10 3 581.0 414431 810310
LOWER MAUMEE RIVER AND OTTAWA RIVER
04001 - Maumee River 07/24/1986  19.80 1 6330.0 413001 834254
04001 - Maumee River 08/28/1986  19.80 1 6330.0 413001 834254
LOWER MIDDLE MAUMEE RIVER
04001 - Maumee River 07/23/1986  26.70 1 6258.0 412643 834711
04001 - Maumee River 08/27/1986  26.70 1 6258.0 412643 834711
04001 - Maumee River 07/23/1986  31.50 1 6058.0 412450 835156
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Appendix Table A-2. List of Ohio Reference Sites (Fish - Boat Passes)

. . ) . Eco- Drainage .
River Code/River Date River Mile Region (sq. mi.) Latitude Longitude _
04001 - Maumee River 08/27/1986  31.50 1 6058.0 412450 835156
UPPER MIDDLE MAUMEE RIVER _ :
04001 - Maumee River 07/2411984  54.70 1 5562.0 411915 841146
04001 - Maumee River 09/05/1984  54.70 1 5562.0 - 411915 841146
UPPER MAUMEE RIVER AND ST. JOSEPH RIVER ,
04001 - Maumee River ' 07/19/1984  69.80 1 2309.0 411655 842633
04001 - Maumee River 09/12/1984  69.80 1 2309.0 411655 842633
LOWER AUGLAIZE RIVER .
04100 - Auglaize River 07/11/1984 3.20 1 2428.0 411541 842308
04100 - Auglaize River 08/29/1984 3.20 1 2428.0 411541 842308
04100 - Auglaize River 10/09/1984 3.20 1" 24280 411541 842308
UPPER AUGLAIZE RIVER i
04100 - Auglaize River 06/25/1985  28.80 1 717.0 410104 841710
04100 - Auglaize River 07/31/1985  28.80 1 717.0 410104 = 841710
04100 - Auglaize River 08/27/1985  28.80 1 717.0 410104 841710
04100 - Auglaize River 06/25/1985  39.70 1 327.0 405652 841556
04100 - Auglaize River 07/31/1985  39.70 1 - 327.0 405652 841556
04100 - Auglaize River 08/27/1985  39.70 1 327.0 405652 841556
04100 - Auglaize River 07/29/1985  67.00 5 202.0 404241 841651
OTTAWA RIVER ‘
04200 - Ottawa River 07/09/1985 1.20 1 364.0 405922 841321
04200 - Ottawa River 08/07/1985 1.20° 1 364.0 405922 841321
04200 - Ottawa River 09/05/1985 1.20 1 364.0 405922 . 841321
TIFFIN RIVER .
04600 - Tiffin River 07/11/1984 1.00 1 776.0 411717 - 842310
04600 - Tiffin River 08/30/1984 1.00 1 776.0 411717 842310
04600 - Tiffin River 10/09/1984 1.00 1 776.0 411717 842310
04600 - Tiffin River 07/04/1984 6.50 1 737.0 412031 842441
04600 - Tiffin River 09/13/1984 6.50 1 737.0 412031 842441
LOWER SANDUSKY RIVER
05001 - Sandusky River 08/04/1981  22.70 1 1073.0 411701 831009
05001 - Sandusky River 09/15/1981  22.70 1 1073.0 411701 831009
MIDDLE SANDUSKY RIVER
05001 - Sandusky River 08/17/1988  23.00 1 1073.0 411605 830954
05001 - Sandusky River 07/08/1988  31.00 5 1048.0 411230 830902
05001 - Sandusky River 08/15/1988  31.00 5 1048.0 411230 830902
05001 - Sandusky River 09/19/1988  31.00 5 1048.0 411230 830902
05001 - Sandusky River 07/13/1981  46.90 5 7740 410313 831211
05001 - Sandusky River 08/03/1981  46.90 5 774.0 410313 831211
05001 - Sandusky River 09/16/1981  46.90 5 7740 410313 831211
LITTLE BEAVER CREEK
08001 - Little Beaver Creek 08/12/1985 4.50 4 496.0 404025 803228
08001 - Little Beaver Creek 08/28/1985 4.50 4 496.0 404025 803228
08001 - Little Beaver Creek 09/23/1987 8.00° 4 2940 404246 803550
SE TRIBS (LITTLE SCIOTO RIVER AND PINE CREEK) :
09300 - Little Scioto River 08/05/1983  12.60 4 200.0 384927 825052
09300 - Little Scioto River 10/06/1983  12.60 4 200.0 384927 825052

OHIO BRUSH CREEK
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Appendix Table A-2. List of Ohio Reference Sites (Fish - Boat Passes)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
10220 - W. Fk. Ohio Brush Cr -08/17/1984 1.30 2 116.0 385612 832913
10220 - W. Fk. Ohio Brush Cr 09/20/1984 1.30 2 116.0 385612 832913
10220 - W. Fk. Ohio Brush Cr 10/09/1984 1.30 2 116.0 385612 832913

LOWER LITTLE MIAMI RIVER
11001 - Little Miami River 07/26/1983  24.20 2 1145.0 391609 841537
11001 - Little Miami River _ 08/30/1983  24.20 2 1145.0 391609 841537
11001 - Little Miami River 09/27/1983  24.20 2 1145.0 391609 841537
11001 - Little Miami River 07/22/1983  36.00 2 959.0 392148 841030
11001 - Little Miami River 08/25/1983  36.00 2 959.0 392148 841030
11001 - Little Miami River 09/15/1983  36.00 2 959.0 392148 841030
11001 - Little Miami River } 07/21/1983  44.20 2 680.0 392443 840614
11001 - Little Miami River 08/24/1983  44.20 2 680.0 392443 840614
11001 - Little Miami River 09/14/1983  44.20 2 680.0 392443 840614
UPPER LITTLE MIAMI RIVER
11001 - Littie Miami River : 07/05/1983 83.10 5 122.0 394550 835415
11001 - Little Miami River 08/22/1983  83.10 5 122.0 394550 835415
11001 - Little Miami River 09/12/1983  83.10 57 1220 394550 835415
EAST FORK LITTLE MIAMI RIVER -
11100 - E. Fk. Little Miami ) ' - 08/19/1982  15.50 2 359.0 390345 841046
11100 - E. Fk. Little Miami 09/23/1982  15.50 2 359.0 390345 841046
11100 - E. Fk. Little Miami 10/13/1982  15.50 2 359.0 390345 841046
11100 - E. Fk. Little Miami 08/16/1984 4230 2 215.0 390610 840146
11100 - E. Fk. Little Miami. , 09/19/1984  42.30 2 215.0 390610 840146
11100 - E. Fk. Little Miami 10/04/1984  42.30 2 215.0 390610 840146
11100 - E. Fk. Little Miamii 08/25/1982  44.10 2 195.0 390658 840130
11100 - E. Fk. Little Miami 09/28/1982  44.10 2 195.0 390658 840130,
11100 - E. Fk. Little Miami 10/14/1982  44.10 2 195.0 390658 840130
11100 - E. Fk. Little Miami _ : : 08/24/1982  54.80 2 157.0 391008 835618
11100 - E. Fk. Little Miami 09/28/1982  54.80 2 157.0 391008 835618
11100 - E. Fk. Little Miami ' 10/14/1982  54.80 2 157.0 - 391008 ~ 835618
MIDDLE GREAT MIAMI RIVER
14001 - Great Miami River 07/10/1980  80.70 ) 2511.0 394542 841217
14001 - Great Miami River 08/12/1980  80.70 5  2511.0 394542 841217
14001 - Great Miami River 09/17/1980  80.70 5 25110 394542 841217
GREAT MIAMI RIVER AND LORAMIE CREEK
14001 - Great Miami River 07/09/1980  91.00 5 1154.0 395110 841025
14001 - Great Miami River 08/11/1980  91.00 5 1154.0 395110 841025
14001 - Great Miami River _ - 09/15/1980  91.00 5 1154.0 395110 841025
14001 - Great Miami River 08/25/1982  98.50 5 1030.0 395701 840832
14001 - Great Miami River 09/15/1982  98.50 S 1030.0 395701 840832
14001 - Great Miami River 07/28/1982 100.70 5 972.0 395757 840954
14001 - Great Miami River ' 08/24/1982 100.70 5 972.0 395757 840954
14001 - Great Miami River 09/15/1982 100.70 5 972.0 395757 840954
14001 - Great Miami River 07/28/1982 106.80 5 926.0 400218 841143
14001 - Great Miami River 08/24/1982 106.80 5 926.0 400218 841143
14001 - Great Miami River 09/14/1982 106.80 5 926.0 400218 841143
14001 - Great Miami River 07/27/1982 116.90 5 846.0 400921 841434
14001 - Great Miami River 08/23/1982 116.90 5 846.0 400921 841434
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. . Eco- Drainage .

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
14001 - Great Miami River 09/13/1982 116.90 5 846.0 400921 841434
14001 - Great Miami River 07/01/1982  130.00 5 540.00 401711 840900
14001 - Great Miami River 08/11/1982  130.00 5 540.0 401711 840900
14001 - Great Miami River 09/10/1982  130.00 5 540.0 401711 840900

MAD RIVER - ‘
14100 - Mad River 08/18/1987 1.60 5 654.0 394630 840937
14100 - Mad River 09/12/1984 2.00 5 650.0 394658 840810
14100 - Mad River 09/13/1984 2.00 5 650.0 394658 840810
STILLWATER RIVER
14200 - Stillwater River 09/02/1982  18.00 5 ° 599.0 395824 841930
14200 - Stillwater River 09/23/1982  18.00 5 599.0 395824 841930
14200 - Stillwater River 08/05/1982  21.20 5 528.0 400017 841918
14200 - Stillwater River 09/01/1982  21.20 5 528.0 400017 841918
14200 - Stillwater River 08/04/1982  32.90 5 233.0 400726 842144
14200 - Stillwater River 09/01/1982 . 32.90 5  233.0 400726 842144
14200 - Stillwater River 08/15/1984  41.40 5. 189.0 400950 842636
14200 - Stillwater River 09/18/1984  41.40 5 189.0 400950 842636
14200 - Stillwater River 10/03/1984  41.40 5 189.0 400950 842636 -
14220 - Greenville Creek 08/13/1982 0.10 5 201.0 400707 842131
14220 - Greenville Creek -09/01/1982 0.10 5 201.0 400707 842131
FOURMILE CREEK AND UPPER EAST FORK WHITEWATER RIVER ’
14400 - Fourmile Creek ' 07/30/1980 0.30 5 315.0 392542 843239
14400 - Fourmile Creek 08/20/1980 0.30 5 315.0 392542 843239
14400 - Fourmile Creek 10/01/1980 0.30 5 315.0 392542 843239
TWIN CREEK
14500 - Twin Creek 07/22/1986 0.20 5 316.0 393249 842055
14500 - Twin Creek 09/08/1986 0.20 5 316.0 393249 842055
LOWER PORTAGE RIVER
16001 - Portage River 07/10/1985 1730 1 494.0 412927 831331
16001 - Portage River 08/13/1985 17.30 1 494.0 412927 831331
16001 - Portage River 09/17/1985  17.30 1 4940 412927 831331
16001 - Portage River 07/10/1985  17.60 1 4350 412929 831357
16001 - Portage River 08/13/1985  17.60 1 435.0 412929 831357
16001 - Portage River 09/17/1985  17.60 1 435.0 412929 831357
LOWER MUSKINGUM RIVER
17044 - W. Br. Wolf Creek 08/02/1984  13.30 4 116.0 392729 814634
17044 - W. Br. Wolf Creek 10/10/1984  13.30 4 116.0 392729 ~ 814634
CONOTTON CREEK
17100 - Conotton Creek 07/30/1984  22.00 4 90.0 402735 811239
17100 - Conotton Creek . 09/18/1984  22.00 4 90.0 402735 811239
KILLBUCK CREEK . .
17150 - Killbuck Creek 07/27/1983  24.90 4 463.0 402933 815912
17150 - Killbuck Creek 08/31/1983  24.90 4 463.0 402933 815912
17150 - Killbuck Creek 09/09/1983  24.90 4 463.0 402933 815912
17150 - Killbuck Creek 07/21/1983  35.60 3 367.0 403622 815523
17150 - Killbuck Creek 08/11/1983  35.60 3 367.0 403622 815523
17150 - Killbuck Creek 09/07/1983  35.60 3 367.0 403622 815523
17150 - Killbuck Creek 07/26/1985  35.60 3 367.0 403622 815523
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. . . Eco- Drainage )

River Code/River Date River Mile Region (sq. mi.) Latltud¢ Longitude
17150 - Killbuck Creek 08/23/1985  35.60 3 367.0 403622 815523
17150 - Killbuck Creek 07/25/1985  50.40 3 137.0 404718 815726
17150 - Killbuck Creek 08/22/1985  50.40 3 137.0 404718 815726
17150 - Kilibuck Creek 09/12/1985  -50.40 3 137.0 404718 815726

LICKING RIVER
17200 - Licking River 08/11/1988 3.60 4 753.0 395813 820324
17200 - Licking River 09/14/1988 3.60 4 753.0 - 395813 - 820324
17200 - Licking River 10/04/1988 3.60 4 753.0 395813 820324
17200 - Licking River 09/24/1985  28.10 3 533.0 400312 822109
17220 - S. Fk. Licking River 07/23/1984  13.10 3 69.0 395651 822900
17220 - S. Fk. Licking River 08/29/1984  13.10 3 69.0 395651 822900
17220 - S. Fk. Licking River 10/11/1984  13.10 3 69.0 395651 822900
17250 - N. Fk. Licking River 09/02/1982 2.40 3 229.0 400451 822423
17250 - N. Fk. Licking River 10/05/1982 2.40 3 229.0 400451 822423
17250 - N. Fk. Licking River 09/02/1982  11.50 3 162.0 401056 822452
17250 - N. Fk. Licking River 10/04/1982  11.50 3 162.0 401056 822452
LOWER TUSCARAWAS RIVER
17500 - Tuscarawas River 09/01/1988 ~  6.90 4 25770 401727 814805
17500 - Tuscarawas River 10/07/1988 6.90 4 25770 401727 814805
17500 - Tuscarawas River 08/17/1983  17.70 4 24730 401639 813859
17500 - Tuscarawas River 09/16/1983  17.70 4 2473.0 401639 813859
17500 - Tuscarawas River 09/01/1988  17.70 4 2473.0 401639 813859
17500 - Tuscarawas River 10/07/1988  17.70 4 2473.0 401639 813859
17500 - Tuscarawas River 09/01/1988  21.10 4 2443.0 401540 813640
17500 - Tuscarawas River 10/07/1988  21.10 4 2443.0 401540 813640
UPPER MUSKINGUM RIVER AND WAKATOMIKA CREEK _
17600 - Walhonding River 08/12/1983 1.20 4 22550 401711 815238
17600 - Walhonding River 09/01/1983 1.20 4 22550 401711 815238
17600 - Walhonding River 09/08/1983 1.20 4 22550 401711 815238
17600 - Wathonding River 09/15/1988 1.20 4 22550 401711 815238
17600 - Walhonding River 10/05/1988 1.20 4 2255.0 401711 815238
17600 - Walhonding River 07/26/1983 8.00 4 1576.0 401941 815703
17600 - Walhonding River 08/12/1983 8.00 4 1576.0 401941 815703
17600 - Walhonding River 09/08/1983 8.00 4 1576.0 401941 815703
17600 - Walhonding River 09/22/1988  15.80 4 1505.0 402031 820356
17600 - Walhonding River 10/05/1988  15.80 4 1505.0 402031 820356
KOKOSING RIVER .
17650 - Kokosing River 07/16/1987  0.50 4 483.0 402145 821000
17650 - Kokosing River 08/17/1987 0.50 4 483.0 402145 821000
17650 - Kokosing River 09/08/1987 0.50 4 483.0 402145 821000
17650 - Kokosing River 07/15/1987 11.70 3 379.0 402415 821933
17650 - Kokosing River 08/05/1987  11.70 3 379.0 402415 821933
17650 - Kokosing River 09/02/1987 11.70 3 379.0 402415 821933
17650 - Kokosing River 07/15/1987  20.90 3 264.0 402234 822413
17650 - Kokosing River 08/06/1987  20.90 3 264.0 402234 822413
17650 - Kokosing River © 09/02/1987  20.90 3 264.0 402234 822413
17650 - Kokosing River - 07/14/1987  25.50 3 250.0 402306 822801
17650 - Kokosing River 08/05/1987  25.50 3 250.0 822801

402306
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Appendix Table A-2. List of Ohio Reference Sites (Fish - Boat Passes)

. .. Eco- Drainage
River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
17650 - Kokosing River 09/01/1987  25.50 3 250.0  402306. 822801
17650 - Kokosing River 07/14/1987  28.70 3 202.0 402424 822959
17650 - Kokosing River 08/05/1987  28.70 3 202.0 402424 822959
17650 - Kokosing River 09/01/1987  28.70 3 202.0 402424 822959
WILLS CREEK ' :
17800 - Wills Creek 09/09/1988 0.30 4 853.0 400921 815423
17800 - Wills Creek 10/12/1988 0.30 4 853.0 400921 815423
UPPER CUYAHOGA RIVER
19001 - Cuyahoga River 06/26/1984  64.50 177.0 411459 811651
19001 - Cuyahoga River 07/17/1984  64.50 177.0 411459 811651
08/21/1984 - 64.50 177.0 411459 811651

19001 - Cuyahoga River
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Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
MIDDLE HOCKING RIVER :
01037 - Scotts Creek 06/28/1978 8.10 4 1.6 392702 822621
01037 - Scotts Creek 06/28/1978 8.90 4 0.3 392621 822622
UPPER HOCKING RIVER
01420 - Muddy Prairie Run 07/28/1982 0.70 3 1.0 393721 824034
01420 - Muddy Prairie Run ' 08/26/1982 0.70 3 11.0 393721 824034
01420 - Muddy Prairie Run 09/14/1982 0.70 3 11.0 393721 824034
01520 - Turkey Run 07/09/1982 1.40 4 8.0 393949 822247
01520 - Turkey Run 08/05/1982 1.40 4 8.0 393949 822247
WALNUT CREEK
02085 - Sycamore Creek ’ » 09/13/1984 470 5 17.3 395241 824535
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER ‘
02181 - Taylor Creek ‘ 08/13/1984 4.40 5 120 403536 833717
02181 - Taylor Creek C o 09/06/1984 4.40 5 120 403536 833717
02181 - Taylor Creek : 09/26/1984 4.40 5 120 403536 833717
02182 - Silver Creek 07/27/1984 240 5 13.6 403726 833856
02182 - Silver Creek - 09/06/1984 2.40 5 13.6 403726 833856
BIG DARBY CREEK ‘ ‘ )
02200 - Big Darby Creek 06/18/1979  79.20 5 56 401642 833335
02200 - Big Darby Creek ' 09/05/1979  79.20 5 56 401642 833335
02200 - Big Darby Creek 09/17/1987  79.20 5 5.6 401642 833335
02200 - Big Darby Creek 07/05/1988  79.30 5 5.6 401627 833327
02200 - Big Darby Creek . 09/06/1988  79.30 5 56 401627 833327
02221 - Pleasant Run ' : 07/07/1988 0.50 5 94 401238 833000
02221 - Pleasant Run ' ' 09/12/1988 0.50 5 94 401238 833000
02222 - Spain Creek : ' 07/22/1981 0.40 5 9.1 401344 833140
02222 - Spain Creek ’ 07/06/1988 0.50 5 9.1 401344 833145
02222 - Spain Creek , 09/06/1988 0.50 5 9.1 401344 833145
02222 - Spain Creek 07/07/1988 3.60 5 6.0 401258 833432
02222 - Spain Creek 09/12/1988 3.60 5 6.0 401258 833432
WALNUT CREEK
- 02231 - Trib to George Creek 08/31/1984 6.00 5 1.5 395431 824550
02231 - Trib to George Creek 08/26/1987 6.00 5 1.5 395431 824550
BIG DARBY CREEK - ‘
02251 - Little Darby Creek ~07/07/1988 0.50 5 54 401604 833329
02251 - Little Darby Creek 09/08/1988 0.50 5 54 401604 833329
02251 - Little Darby Creek 07/06/1988 3.70 5 24 401658 833544
02251 - Little Darby Creek 09/08/1988 3.70 5 2.4 401658 833544
LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK) '

02530 - Rocky Fk Paint Creek 06/27/1985  23.30 2 170 391027 833732
02530 - Rocky Fk Paint Creek 08/06/1985  23.30 2 17.0 391027 833732
02530 - Rocky Fk Paint Creek 08/27/1985  23.30 2 17.0 391027 833732
02540 - Clear Creek 06/26/1985 6.80 5 245 391341 833610
02540 - Clear Creek 07/24/1985 6.80 5 24.5 391341 833610
02540 - Clear Creek 08/28/1985 6.80 5 24.5 391341 833610
02540 - Clear Creek 06/25/1985 8.50 5 16.9 391432 833727
02540 - Clear Creek 07/24/1985 8.50 5 16.9 391432 833727
02540 - Clear Creek ] 08/29/1985 8.50 5 16.9 391432 833727

11/03/2006

A-3-1



Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

Eco- Drainage

River Code/River ' Date  River Mile Region (sq. mi.) Latitude Longitude

UPPER PAINT CREEK

02562 - W Br Rattlesnake Cr. 07/28/1983 4.40 5 19.0 393154 833709

02562 - W Br Rattlesnake Cr. ' 09/03/1983 4.40 5 19.0 393154 833709

02562 - W Br Rattlesnake Cr. 10/14/1983 4.40 5 19.0 393154 833709
LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK) ,

02585 - Moberly Br. Clear Cr 06/26/1985 0.90 2 2.5 391308 833633

02585 - Moberly Br. Clear Cr 07/25/1985 0.90 2 2.5 391308 833633

02585 - Moberty Br. Clear Cr - 08/28/1985 0.90 2 2.5 391308 833633
SALT CREEK

02611 - M. Fk. Salt Lick Cr. 07/27/1988  22.10 4 49 391831 823415

02611 - M. Fk. SaltLick Cr. 09/08/1988  22.10 4 49 391831 823415
LOWER SCIOTO RIVER AND SCIOTO BRUSH CREEK ’ '

02728 - Mill Creek 06/17/1987 1.00 4 -~ 17.0 384625 832103
UPPER GRAND RIVER ’

03022 - Baughman Creek : 08/14/1984 3.00 3 20.0 412503 805254

03022 - Baughman Creek -~ 09/05/1984  3.00 = 3 20.0 412503 805254

03022 - Baughman Creek - 10/02/1984 3.00 3 20.0 412503 805254
LOWER GRAND RIVER A

03100 - Big Creek 07/08/1987  16.30 3 1.0 413508 811125

03100 - Big Creek 08/17/1987 ~ 16.30 3 - 1.0 413508 811125

03100 - Big Creek 09/14/1987  16.30 3 1.0~ 413508 811125
OTTAWA RIVER

04207 - Leatherwood Ditch 08/24/1983 1.60 1. 100. 405230 841413

04207 - Leatherwood Ditch 09/13/1983 1.60 1 . 100 405230 841413

04207 - Leatherwood Ditch 10/12/1983 1.60 1 - 100 405230 841413
UPPER AUGLAIZE RIVER ' '

04240 - Huffman Creek 08/01/1987 1.70 5 1.5 403613 840507
MIDDLE SANDUSKY RIVER

05010 - Sugar Creek , 07/07/1988 3.40 5 11.7 411139 830541

05010 - Sugar Creek 08/18/1988 3.40 5 11.7 411139 830541

05010 - Sugar Creek ' 09/21/1988 3.40 S 11.7 411139 830541
LAKE ERIE TRIBS (SANDUSKY RIVER TO VERMILION RIVER)

05053 - Little Raccoon Creek 09/09/1983 4.30 1 1.9 412157 825826

05058 - Trib. to Mills Creek 07/22/1985 0.50 1 5.0 412359 824438 -

05058 - Trib. to Mills Creek 08/14/1985 0.50 1 5.0 412359 824438

05058 - Trib. to Mills Creek 09/18/1985 0.50 1 5.0 412359 824438
LOWER SANDUSKY RIVER

05219 - Muddy Creek : ~ 09/29/1982  37.30 1 4.0 411310 832330

05223 - Gries Ditch 08/08/1984 0.90 1 150 412147 831527

05223 - Gries Ditch ' 08/29/1984 0.90 1 150 412147 831527

05223 - Gries Ditch ‘ 09/26/1984 0.90 1 150 412147 831527
LITTLE MUSKINGUM RIVER

06013 - Leith Run -7 08/25/1983 2.80 4 6.8 392855 810845

06013 - Leith Run _ 10/06/1983 . 2.80 4 6.8 392855 810845
CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK) - '

06066 - Wills Creek 07/06/1983 4.00 4 4.0 402334 804112

06066 - Wills Creek 09/27/1983 4.00 4 4.0 402334 804112

CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK)
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Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

Eco- Drainage .

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
06101 - Cat Run 08/05/1983 3.30 4 9.0 395103 805312
06101 - Cat Run 10/05/1983 3.30 4 9.0 395103 805312
06106 - Bend Fork 07/08/1983  12.30 4 1.2 400027 = 810330
06106 - Bend Fork 09/27/1983  12.30 4 1.2 400027 810330

CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK) A
06203 - Cedar Lick Creek 07/06/1983 0.10 -4 6.6 402206 804525
" 06203 - Cedar Lick Creek » 09/29/1983 0.10 4 6.6 402206 804525
LITTLE MUSKINGUM RIVER
06420 - Archers Fork 08/25/1983 2.20 4 145 392831 811427
06420 - Archers Fork 10/06/1983 220 4 14.5 392831 811427
06431 - Witten Run 07/31/1984 2.40 4 7.5  393602° 811233
06431 - Witten Run 09/19/1984 2.40 4 7.5 393602 811233
06431 - Witten Run - 10/15/1984 2.40 4 7.5 393602 811233
CENTRAL TRIBS (MCMAHON CREEK, SHORT CREEK, WHEELING CREEK)
06504 - Williams Creek V 08/18/1983 1.40 4 11.4 395935 805404
06504 - Williams Creek 09/07/1983 1.40 4 114 395935 805404
CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK) o ,
06704 - Piney Fork 07/21/1983 0.30 4 156 394644 810040
06704 - Piney Fork 09/28/1983 0.30 4 156 394644 810040
06708 -~ Baker Fork 07/20/1983 0.40 4 12.0 394741 810608
06708 - Baker Fork 10/03/1983 - 0.40 4 12.0 394741 810608
CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK)
06915 - Nancy Run ‘ 08/02/1983 1.00 4 7.5 403808 805010
06915 - Nancy Run 09/15/1983 1.00 4 7.5 403808 805010
06931 - Elkhorn Creek 08/03/1983 6.60 4 7.7 403011 805841
06931 - Elkhorn Creek 09/22/1983 6.60 4 7.7 403011 805841
06932 - Strawcamp Run 08/03/1983 040 4 5.0 403200 805621
06932 - Strawcamp Run 09/14/1983 0.40 4 5.0 403200 805621
06933 - Center Fork 09/14/1983 0.10 4 12.7 403100 805746
06934 - Trail Run 08/03/1983 0.30 4 33 403153 805925
06934 - Trail Run 09/14/1983 0.30 4 33 403153 805925
-06941 - Trib to N Fk Yellow , 08/02/1983 0.10 4 4.0 403606 804608
ASHTABULA RIVER AND CONNEAUT CREEK :
- 07007 - Cowles Creek 09/09/1981 7.20 3 6.8 414752 805520
07007 - Cowles Creek 10/07/1981 7.20 3 6.8 414752 805520
LITTLE BEAVER CREEK . :
08118 - E. Fk. Stateline Cr. 07/02/1985 0.10 3 1.5 404736 803118
08118 - E. Fk. Stateline Cr. 08/06/1985 0.10 3 1.5 404736 803118
08118 - E. Fk. Stateline Cr. 08/27/1985 0.10 3 1.5 404736 803118
08205 - Stone Mill Run 08/27/1985 2.00 3 8.3 405154 804920
08206 - E Br M Fk L Beaver C 07/23/1985 3.00 3 144 405219 804510
08206 - E Br M Fk L Beaver C 08/14/1985 3.00 3 144 405219 804510
08206 - E Br M Fk L Beaver C 08/29/1985 3.00 3 144 405219 804510
SE TRIBS (SYMMES CREEK) .
09720 - Caulley Creek 08/06/1984 0.20 4 4.6 384416 823111
09720 - Caulley Creek 09/24/1984 0.20 4 46 384416 823111
OHIO BRUSH CREEK
10211 - Lick Creek 09/22/1980 4.10 2 8.0 384957 833007
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Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

. i Eco- Drainage .

River Code/River Date  River Mile Region (sq. mi.) Latitude Longitude
10212 - Trebor Run 09/23/1980 0.10 2 72 385102 832857
10213 - Cave Run 09/23/1980 0.20 2 3.7 385024 832921
10215 - Louiso Tributary 09/22/1980 0.20 2 7.5 384957 833016
10215 - Louiso Tributary - 09/22/1980 2.80 2 2.5 385018 833234
10216 - Little East Fork 08/05/1987 0.90 2 6.1 385810 832749

LOWER LITTLE MIAMI RIVER - ' :
11021 - Turtle Creek 08/02/1983 6.30 2 22,6 392554 841322
11021 - Turtle Creek 10/05/1983 6.30 2 22,6 392554 841322
11022 - Dry Run ~ 08/01/1983 1.80 2 5.0 392259 841216
11022 - Dry Run 09/01/1983 1.80 2 5.0 392259 841216
UPPER LITTLE MIAMI RIVER
11030 - Newman Run 08/02/1983 0.30 5 9.0 393106 840554
11030 - Newman Run 09/09/1983 0.30 5 9.0 393106 840554
11031 - Mill Run 10/04/1983 0.40 5 8.0 393145 = 840500
11032 - Glady Run 07/20/1983 580 . 5 40 394004 835713
11032 - Glady Run 08/04/1983 5.80 5 40 394004 835713
EAST FORK LITTLE MIAMI RIVER _
11138 - Fivemile Creek 06/30/1982 0.40 2 10.8 - 390649 840114
11138 - Fivemile Creek 09/23/1982 0.40 2 10.8 390649 840114
11138 - Fivemile Creek 10/07/1982 0.40 2 108 390649 840114
UPPER LITTLE MIAMI RIVER
11401 - Oldtown Creek 07/20/1983 0.10 5 10.0 394345 835609
11401 - Oldtown Creek 09/08/1983 0.10 5 10.0 394345 835609
11401 - Oldtown Creek . 09/29/1983 0.10 10.0 394345 835609
LOWER GREAT MIAMI RIVER AND LOWER WHITEWATER RIVER '
14006 - Bluerock Creek : 10/07/1987 1.40 2 1.4 391446 843907
MIDDLE GREAT MIAMI RIVER
14029 - Bear Creek 08/21/1981  12.10 5 6.7 394550 842342
UPPER GREAT MIAMI RIVER = '
14075 - McKees Creek 08/13/1982 0.50 5 17.6 401838 835119
14075 - McKees Creek 09/22/1982 0.50 5 17.6 401838 835119
14084 - Cherokee Mans Run 09/22/1982 3.50 5 16.0 402620 834944
14084 - Cherokee Mans Run 07/14/1988 3.50 5 16.0 402620 834944
14084 - Cherokee Mans Run 08/16/1988 - 3.50 5 16.0 402620 834944
MAD RIVER :
14100 - Mad River 07/09/1986  60.90 5 7.5 402047 834019
14100 - Mad River 07/31/1986  60.90 5 7.5 402047 834019
14120 - Chapman Creek 08/17/1984 4.00 5 18.6 400125 835321
14120 - Chapman Creek 09/26/1984 4.00 5 18.6 400125 835321
14130 - Nettle Creek 08/20/1981 4.50 5 15.0 400631 835149
14130 - Nettle Creek 09/11/1981 4.50 5 15.0 400631 835149
14130 - Nettle Creek 08/20/1981 8.20 5 8.0 400835 835439
14130 - Nettle Creek 09/11/1981 8.20 5 8.0 400835 835439
14139 - Macochee Creek 07/09/1986 2.80 5 140 401528 834222
14139 - Macochee Creek 07/31/1986 2.80 5 140 401528 834222
STILLWATER RIVER ’
14203 - Brush Creek | - 09/03/1982 0.10 5 173 395540 841730
14220 - Greenville Creek 07/13/1982  34.40 5 6.0 400739 844822
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Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites <20 mi2)

. . Eco- Drainage .

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
14220 .- Greenville Creek 08/19/1982  34.40 5 6.0 400739 844822
14220 - Greenville Creek ‘ 09/28/1982  34.40 5 6.0 400739 844822

TWIN CREEK
14501 - Little Twin Creek 07/09/1986 630 5 49 394110 842444
14501 - Little Twin Creek 08/07/1986 6.30 5 49 394110 842444
14501 - Little Twin Creek 09/03/1986 6.30 5 4.9 394110 842444
14505 - Bantas Fork 07/14/1986 9.40 5 11.8 394720 843800
14505 - Bantas Fork 08/06/1986 9.40 5 11.8 394720 843800
14505 - Bantas Fork 09/02/1986 9.40 5 11.8 394720 843800
LAKE ERIE TRIBS (CHAGRIN RIVER)
15012 - Trib to Chagrin 15.4  08/12/1987 0.20 3 1.7 413243 812446
UPPER PORTAGE RIVER '
16106 - KOA Tributary 09/19/1985 0.10 1 0.8 411210 833822
CONOTTON CREEK .
17120 - Irish Creek 07/25/1984 2.20 4 ‘15.8 402419 810252
17120 - Irish Creek 09/18/1984 2.20 4 15.8 402419 810252
17120 - Irish Creek * 10/11/1984 220 4 15.8 402419 810252
KILLBUCK CREEK
17153 - Doughty Creek 07/15/1983  15.40 4 14.0 403151 814838
17153 - Doughty Creek 08/09/1983 1540 @ 4 14.0 403151 814838
17184 - L. Killbuck Creek 07/12/1983 0.80 3 20.5 404906 815958
17184 - L. Killbuck Creek 08/10/1983 0.80 3 20.5 404906 815958
17190 - Camel Creek 09/30/1988  3.80 3 9.5 410139 815712
LICKING RIVER
17210 - Rocky Fk. Licking R. 06/25/1986 16.00 3 20.0 401347 822020
17210 - Rocky Fk. Licking R. 07/21/1986  16.00 3 20.0 401347 822020
17210 - Rocky Fk. Licking R. 08/11/1986  16.00 3 20.0 401347 822020
17211 - Lost Run 06/19/1986 4.10 3 11.9 400840 822034
17211 - Lost Run 07/17/1986 4.10 3 11.9 400840 822034
17211 - Lost Run 08/07/1986 4.10 3 11.9 400840 822034
17214 - Painter Run 06/19/1986 0.30 4 6.2 400932 821735
17214 - Painter Run 07/21/1986 0.30 4 6.2 400932 821735
17214 - Painter Run 08/11/1986 0.30 4 6.2 400932 821735
17215 - Long Run 06/19/1986 0.40 4 6.0 401021 821732
17215 - Long Run 07/21/1986 0.40 4 6.0 401021 821732
17215 - Long Run 08/11/1986 0.40 4 6.0 401021 821732
17220 - S. Fk. Licking River 07/02/1984  28.50 5 15.0 395928 824013
17220 - S. Fk. Licking River 08/27/1984  28.50 5 15.0 395928 824013
17220 - S. Fk. Licking River 07/02/1984  31.50 5 12.0 400126 824120
17220 - S. Fk. Licking River 08/27/1984  31.50 5 12.0 400126 824120
17221 - Raccoon Creek 06/29/1987  24.00 3 11.2 400836 824143
17221 - Raccoon Creek 07/30/1987  24.00 3 11.2 400836 824143
17250 - N. Fk. Licking River 10/14/1987  38.20 3 6.2 401732 824124
MIDDLE MUSKINGUM RIVER .
17308 - Black Fork 07/06/1987 3.50 4 8.4 394304 820427
17325 - Ogg Creek 07/06/1987 2.10 4 4.5 394331 820209
SUGAR CREEK
17418 - Little Sugar Creek 08/29/1983 4.20 3 9.0 404629 814628
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Appendix Table A-3. List of Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

. Eco- Drainage
River Code/River Date  River Mile Region (sq.mi.) Latitude Longitude
17418 - Little Sugar Creek 09/21/1983 420 3 9.0 404629 814628
SANDY CREEK :
17463 - E Br Nimishillen Cr. 07/29/1985 8.60 3 8.5 405048 811404
17463 - E Br Nimishillen Cr. 08/29/1985 8.60 3 8.5 405048 811404
17463 - E Br Nimishillen Cr. 09/18/1985 8.60 3 8.5 405048 811404
UPPER TUSCARAWAS RIVER
17561 - L. Chippewa trib 6.3 06/24/1986 0.10 3 0.5 405334 814830
KOKOSING RIVER '
17650 - Kokosing River 06/29/1987  49.80 3 145 403008 824410
17650 - Kokosing River 08/03/1987  49.80 3 145 403008 824410
17650 - Kokosing River '08/27/1987  49.80 3 145 403008 824410
17655 - L. Jelloway Creek 07/07/1987 1.00 3 19.0 402530 822047
17655 - L. Jelloway Creek 08/05/1987 1.00 3 19.0 402530 822047
17656 - E. Br. Jelloway Cr. 10/10/1985 3.10 3 32 402655 821500
LAKE FORK, JEROME FORK, MUDDY FORK MOHICAN RIVER v
17714 - Muddy Fk. Mohican R. 08/20/1984  18.50 3 213 405703 820709
17714 - Muddy Fk. Mohican R. 09/13/1984  18.50 3 - 21.3 405703 820709
17714 - Muddy Fk. Mohican R. 10/04/1984  18.50 3 21.3 405703 820709
17725 - Lang Creek 08/06/1984 3.20 3 154 405406 821847
17725 - Lang Creek 09/18/1984 3.20 3 154 405406 821847
17725 - Lang Creek 10/15/1984 3.20 3 154 - 405406 821847
UPPER MAHONING RIVER
18040 - Eagle Creek 08/19/1981 2250 3 52 411655  810837.
18040 - Eagle Creek 09/29/1981  22.50 3 52 411655 810837
18043 - S. Fk. Eagle Creek 10/14/1987 3.90 3 7.5 411341 810259
18046 - Silver Creek 08/19/1981 0.80 3 10.8 411740 810729
18046 - Silver Creek 09/28/1981 0.80 3 10.8 411740 810729
18046 - Silver Creek 08/18/1981 2.30 3 84 411837 810748
18046 - Silver Creek 09/29/1981 2.30 3 84 - 411837 810748
PYMATUNING CREEK
18504 - Little Yankee Creek 08/14/1984 9.50 3 9.0 411248 803531
18504 - Little Yankee Creek 09/05/1984 9.50 3 9.0 411248 803531
18505 - Little Deer Creek 08/13/1984 0.50 3 7.0 410949 803230
18505 - Little Deer Creek 09/05/1984 0.50 3 7.0 410949 803230
LOWER CUYAHOGA RIVER .
19007 - Tinkers Creek 07/17/1984  29.00 3 3.0 411253 812223
19007 - Tinkers Creek 08/09/1984  29.00 3 3.0 411253 812223
19007 - Tinkers Creek 09/20/1984 ~ 29.00 3 3.0 411253 812223
UPPER CUYAHOGA RIVER
19028 - Breakneck Creek 07/22/1987  14.70 3 423 410512 811804
19028 - Breakneck Creek 09/15/1987  14.70 3 423 410512 811804
LOWER GREAT MIAMI RIVER AND LOWER WHITEWATER RIVER '
23005 - Sharon Creek 08/11/1988 4.30 2 1.7 391747 842244
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Appendix Table A-4. List of Ohio Reference Sites (Macroinvertebrates)

Eco- Drainage )
River Code/River Year River Mile Region (sq.mi.) Latitude Longitude

LOWER HOCKING RIVER _

01100 - Federal Creek 1984 0.90 4 139.0 391946 815311

01170 - McDougall Branch 1984 2.90 4 27.0 392257 815928
UPPER HOCKING RIVER

01400 - Clear Creek 1982 2.00 4 89.0 393521 823453

01400 - Clear Creek 1983 2.10 4 89.0 393518 823442

01400 - Clear Creek 1984 2.10 4 89.0 393518 823442

01420 - Muddy Prairie Run 1982 0.40 3 11.0 393712 824028
SCIOTO RIVER (SUNFISH CREEK AND BEAVER CREEK)

02001 - Scioto River : 1985 56.20 4 5131.0 391244 825152

02001 - Scioto River 1988 56.20 4 5131.0 391244 825152
MIDDLE SCIOTO RIVER (INCLUDING DEER CREEK) ‘

02001 - Scioto River 1988 70.40 4 3849.0 392031 825800
WALNUT CREEK

02001 - Scioto River 1981 101.40 5 .2641.0 393708 825740

02001 - Scioto River 1981 101.40 5 2641.0 393708 825740

02001 - Scioto River 1988  102.00 5 26380 393750 825742
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER v ’ .

02001 - Scioto River 1987 179.60 5 407.0 403249 831312

02001 ~ Scioto River 1984  203.30 5 223.0 403702 832813
WALNUT CREEK

02078 - Walnut Creek 1982 4.10 5 273.0 394241 825744

02078 - Walnut Creek 1982 16.90 5 188.0 394940 825329

02078 - Walnut Creek 1982 47.00 3 27.0 395026 823322
BIG WALNUT CREEK _

02100 - Big Walnut Creek 1986 15.90 5 272.0 395320 825413

02100 - Big Walnut Creek 1982 54.60 5 55.0 401653 825000

02100 - Big Walnut Creek 1982 60.00 5 37.0 402017 824904
SCIOTO RIVER (MILL CREEK, BOKES CREEK, FULTON CREEK) : '

02109 - Mill Creek 1986 24.80 5 - 72.0 401720 832356
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER '

02158 - Little Scioto River 1987 9.20 5 72.5 403738 831021

02158 - Little Scioto River 1984 11.10 5 47.0 403842 830941

02165 - Rush Creek 1984 5.40 5 83.0 = 403054 831947
BIG DARBY CREEK .

02200 - Big Darby Creek 1988 13.40 5 534.0 394209 830641

02200 - Big Darby Creek 1986 43.90 5 220.0 400017 831530

02200 - Big Darby Creek 1986 54.20 5 136.0 400722 831628

02200 - Big Darby Creek 1986 62.60 5 121.0 400900 832253

02210 - Little Darby Creek 1983 15.30 5 151.0 395823 832126
LOWER OLENTANGY RIVER

02400 - Olentangy River 1988 19.40 5 455.0 401254 830338

02400 - Olentangy River 1983 19.60 5 455.0 401305 830341

02400 - Olentangy River 1985 19.60 5 455.0 401305 830341

02400 - Olentangy River 1986 19.60 5 455.0 401305 830341

02400 - Olentangy River 1983 20.30 5 453.0 401340 830352

02400 - Olentangy River 1985 20.30 5 453.0 401340 830352

02400 - Olentangy River 1986 20.30 5 453.0 401340 830352
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Appendix Table A-4. List of Ohio Reference Sites (Macroinvertebrates)

A-4-2

. . . . Eco- Drainage
River Code/River Year River Mile Region (sg. mi.) Latitude Longitude

UPPER OLENTANGY RIVER

02400 - Olentangy River - 1988 27.90 5 409.0 401919 830413

02450 - Whetstone Creek 1984 21.80 5 35.0 403232 825023
LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK)

02500 - Paint Creek 1985 5.10 4 1137.0 391830 825935
UPPER PAINT CREEK A

02500 - Paint Creek 1984 75.30 5 58.0 393431 832833
LOWER PAINT CREEK (NORTH FORK AND ROCKY FORK)

02510 - North Fork Paint Creek 1983 17.50 5 160.0 392529 . 831258

02522 - Compton Creek 1983 1.40 5 59.0 392951 831700

02530 - Rocky Fork Paint Creek 1985 18.10 2 340 391043 833307

02530 - Rocky Fork Paint Creek 1985 ~ 23.30 2 17.0 391027 833732

02540 - Clear Creek 1985 6.80 5 245 391341 833610

02540 - Clear Creek 1985 8.20 5 20.7 391433 833659
UPPER PAINT CREEK :

02550 - Rattlesnake Creek 1984 13.30 5 137.0 392255 832935

02562 - West Branch Rattlesnake Creek 1984 430 5 19.0 393154 833709
SALT CREEK ) ,

02600 - Salt Creek 1984 5.90 4 292.0 391351 824643

02600 - Salt Creek 1983 25.70 4 175.0 392443 823826

02611 - Middle Fork Salt Creek 1986 470 4 58.0 391241 824254
LOWER SCIOTO RIVER AND SCIOTO BRUSH CREEK

02710 - South Fork Scioto Brush Creek 1984 0.60 4 112.0 385123 831151
SCIOTO RIVER (SUNFISH CREEK AND BEAVER CREEK) .

02800 - Sunfish Creek 1983 8.10 4 132.0 390248 830743
LOWER GRAND RIVER

03001 - Grand River 1987 6.20 3 687.0 414403 811409

03001 - Grand River 1987 13.60 3 630.0 414332 811109

03001 - Grand River 1987 22.60 3 581.0 414427 810249

03001 - Grand River 1987 28.40 3 "554.0 414526 805819
"UPPER GRAND RIVER

03001 - Grand River 1983 65.90 3 212.0 413205 . . 805405

03001 - Grand River 1984 83.50 3 85.0 412436 805452

03022 - Baughman Creek 1984 4.10 3 17.8° 412437 805210
LOWER GRAND RIVER

03120 - Mill Creek (Grand R. RM 41.28) 1983 12.10 3 750 414654 804551

03120 - Mill Creek (Grand R. RM 41.28) 1984 18.20 3 47.0 414413 804355
LOWER MIDDLE MAUMEE RIVER »

04001 - Maumee River ) 1988 20.90 1 6330.0 412951 834255

04001 - Maumee River 1986 25.10 1 6265.0 412744 834505

04001 - Maumee River 1986 32.10 1 6058.0 412455 835208
UPPER MIDDLE MAUMEE RIVER

04001 - Maumee River 1984 58.10 1 5551.0 ° 411727 841446
UPPER MAUMEE RIVER AND ST. JOSEPH RIVER _ '

04001 - Maumee River 1984 69.30 1 2309.0 411714 842623
LOWER AUGLAIZE RIVER

04100 - Auglaize River 1984 4.10 1 2428.0 411513 842333
UPPER AUGLAIZE RIVER
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Eco- Drainage )
River Code/River Year River Mile Region (sq. mi.) Latitude Longitude
04100 - Auglaize River 1985 28.80 1 717.0 410104 841710
04100 - Auglaize River 1985 39.30 1 327.0 405702 841609
04100 - Auglaize River 1985 67.00 5 202.0 404241 841651
LOWER AUGLAIZE RIVER

04110 - Powell Creek 1984 4.30 1 93.0 411323 842109
UPPER BLANCHARD RIVER

04160 - Blanchard River - 1983 73.70 5 144.0 405617 833250

04160 - Blanchard River 1983 88.30 5 83.0 404901 833255

04185 - Eagle Creek 1983 13.90 5 28.0 405307 834112
OTTAWA RIVER .

04200 - Ottawa River 1985 0.80 1 364.0 405925 841346

04200 - Ottawa River 1985 45.90 5 98.5 404555 840049

04203 - Sugar Creek 1984 0.60 1 64.0 405716 841046
UPPER AUGLAIZE RIVER

04230 - Jennings Creek 1988 760 1 39.5 404951 842115
TIFFIN RIVER

04600 - Tiffin River 1984 0.90 1 776.0 411725 842308

04617 - Beaver Creek 1983 2.90 5 43.0 412811 842749
LOWER SANDUSKY RIVER

05001 - Sandusky River 1981 21.30 1 1238.0 411754 830948
MIDDLE SANDUSKY RIVER ,

05001 - Sandusky River 1981 23.90 1 1068.0 411600 - 830955

05001 - Sandusky River 1981 31.90 5 1047.0 411225 830952

05001 - Sandusky River 1981 4780 5 7740 410239 831142

05010 - Sugar Creek 1988 340 5 11.7 411139 830541

05200 - Honey Creek 1984 12.40 5 154.0 410117 830638
LOWER SANDUSKY RIVER )

05219 - Muddy Creek 1984 23.30 1 42.0 412029 831517

05223 - Gries Ditch 1984 1.00 1 15.0 412146 831527
LITTLE MUSKINGUM RIVER

06013 - Leith Run 1984 2.80 4 6.8 392855 810845
CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK) »

06100 - Captina Creek 1983 17.60 4 125.0 395501 = 805712

06106 - Bend Fork 1983 0.70 4 27.0 395506 805807
LITTLE MUSKINGUM RIVER '

06400 - Little Muskingum River 1983 16.90 4 254.0 392906 811634

06420 - Archers Fork 1983 0.70 4 187 392901 B11514

06431 - Witten Run 1984 250 4 7.5 393559 811237

06440 - Witten Fork S 1984 1.20 4 42.0 393752 810310
CENTRAL TRIBS (CAPTINA CREEK AND SUNFISH CREEK)

06700 - Sunfish Creek 1983 9.30 4 87.0 394557 805753
ASHTABULA RIVER AND CONNEAUT CREEK

07001 - Ashtabula River 1983 25.90 3 66.1 415000 803743

07004 - West Branch Ashtabula River 1984 1.80 3 27.0 414724 803659
LITTLE BEAVER CREEK ' '

08001 - Little Beaver Creek 1985 450 @ 4 496.0 404025 803228

08001 - Little Beaver Creek 1987 4.50 4 496.0 © 404025 803228

08001 - Little Beaver Creek 1985 8.00 4 294.0 404246 803550
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River Code/River ' _ Year River Mile Region (sq.mi.) Latitude Longitude
08001 - Little Beaver Creek i 1985 15.00 4 261.0 404334 803702
08100 - North Fork Little Beaver Creek 1985 7.60 4 106.0 404729 803109
08200 - Middle Fork Little Beaver Creek 1985 1.90 4 141.0 404400 803828
08200 - Middle Fork Little Beaver Creek 1985 9.00 4 114.0 404556 804321
08300 - West Fork Little Beaver Creek : 1985 0.80 4 111.0 404306 803811
08300 - West Fork Little Beaver Creek 1987 0.80 4 111.0 404306 803811
08300 - West Fork Little Beaver Creek . 1985 12.90 4 74.0 404216 ~ 804636
08300 - West Fork Little Beaver Creek 1987 12.90 4 74.0 404216 804636
SE TRIBS (LITTLE SCIOTO RIVER AND PINE CREEK)

09300 - Little Scioto River 1983 12.70 4 200.0 384927 825052

09400 - Pine Creek : 1983 20.40 4 107.0 383815 824427
SE TRIBS (SHADE RIVER) ,

09600 -~ Shade River 1984 17.60 4 127.0 390536 815534
SE TRIBS (SYMMES CREEK) .

09720 - Caulley Creek . 1984 0.20 4 4.6 384416 823111 -
SW TRIBS (EAGLE CREEK AND STRAIGHT CREEK) :

10100 - Eagle Creek : _ 1983 1140 -2 117.0 384611 834410
OHIO BRUSH CREEK ' :

10200 - Ohio Brush Creek ‘ 1984 15.20 2 371.0 384935 - 832550

10200 - Ohio Brush Creek 1987 15.20 2 371.0 384935 832550

10200 - Ohio Brush Creek 1987 24.90 2 3150 385414 832704

10200 - Ohio Brush Creek 1987 39.00 2 133.0 390031 832527

10220 - West Fork Ohio Brush Creek ' 1984 1.20 2 140.0 385613 832905

10220 - West Fork Ohio Brush Creek . : 1987 1.20 2 140.0 385613 832905

10220 - West Fork Ohio Brush Creek ‘ 1987 12.70 2 282 385827 833651
SW TRIBS (WHITEOAK CREEK, INDIAN CREEK, BEAR CREEK) ‘ ‘

10400 - Whiteoak Creek 1983 12.80 2 213.0 385347 835518

10430 - North Fork Whiteoak Creek 1983 7.00 2 51.0 390354 835104
LOWER LITTLE MIAMI RIVER

11001 - Little Miami River ’ 1983 23.90 2 1145.0 391608 841539

11001 - Little Miami River 1983 35.90 2 '959.0 392148 841030
UPPER LITTLE MIAMI RIVER '

11001 - Little Miami River 1983 83.10 5 122.0 394550 835415

11001 - Little Miami River _ 1983 86.40 5 102.0 394708 835140
LOWER LITTLE MIAMI RIVER , ’

11021 - Turtle Creek 1983 6.20 2 22.6 392553 841331
EAST FORK LITTLE MIAMI RIVER

11100 - East Fork Little Miami River 1982 15.40 2 359.0 390343 841045

11100 - East Fork Little Miami River 1982 3490 2 237.0 390309 840300

11100 - East Fork Little Miami River ’ 1982 41.00 2 2220 390547 840225

11100 - East Fork Little Miami River 1984 41.00 2 222.0 390547 840225

11100 - East Fork Little Miami River 1982 44.10 2 195.0 390658 840130

11100 - East Fork Little Miami River ' 1982 54.40 2 1640 390957 835628

11100 - East Fork Little Miami River 1983 54.40 2 1640 390957 - 835628

11107 - Stonelick Creek 1984 1.00 2 80.0 390721 841157
TODD FORK

11200 - Todd Fork 1984 19.50 5 55.0 392609 835640
VERMILION RIVER
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River Code/River Year River Mile Region (sq. mi.) Latitude Longitude
12001 - Huron River 1984 13.10 1 352.0 - 411744 823650
. 12206 - Slate Run 1984 4.10 5 39.0 411109 824351
ROCKY RIVER
13100 - East Branch Rocky River 1981 26.60 3 12.0 411237 814107
13200 - West Branch Rocky River 1981 33.50 3 8.0 410623 814822
13205 - North Branch Rocky River 1981 5.50 3 28.0 411109 814659
MIDDLE GREAT MIAMI RIVER
14001 - Great Miami River 1980 80.70 5 2511.0 394542 841217
GREAT MIAMI RIVER AND LORAMIE CREEK
14001 - Great Miami River 1982 92.60 5 1149.0 395227 840945
14001 - Great Miami River 1982  100.80 5 972.0 395804 841000
14001 - Great Miami River ‘1982 106.10 5 927.0 400150 841115
14001 - Great Miami River 1982  118.50 5 840.0 401025 841526
14001 - Great Miami River 1982  130.10 5 540.0 401713 840900
MIDDLE GREAT MIAMI RIVER .
14010 - Indian Creek 1983 4.30 5 100.0 392147 843836
714010 - Indian Creek 1985 °  4.40 5 100.0 392147 843843
14010 - Indian Creek 1985 10.30 77.0 392419 844141
GREAT MIAMI RIVER AND LORAMIE CREEK
14050 - Spring Creek 1984 1.00 5 260 400424 - 841148
MAD RIVER
14100 - Mad River 1984 1.60 5 654.0 394630 840937
14100 - Mad River 1984 53.20 5 34.0 401602 834505
STILLWATER RIVER : .
14200 - Stillwater River 1982 18.30 5 599.0 ~ 395837 841930
14200 - Stillwater River 1982 33.50 5 232.0 400754 842128
14200 - Stillwater River 1982 37.80 5 207.0 400941 842407
14200 - Stillwater River 1983 50.20 5 107.0 . 401116 843300
14200 - Stillwater River 1982 52.40 5 99.0 401100 843405
‘14220 - Greenville Creek 1982 1.40 5 200.0 400632 = 842222
14220 - Greenville Creek 1982 22.30 5 107.0 400617 843854
14220 - Greenville Creek 1984 26.80 5 73.0 400814 = 844221
14220 - Greenville Creek 1982 28.90 5 69.0 400855 844356
14220 - Greenville Creek 1982 34.50 5 6.0 400738 844829
TWIN CREEK ‘
14500 - Twin Creek 1986 1.00 5 315.0 393322 842100
14500 - Twin Creek 1995 1.00 5 315.0 393322 842100
14500 - Twin Creek 1986 19.10 5 225.0 393921 843039
14500 - Twin Creek 1986 35.80 5 442 395119 843156
14500 - Twin Creek 1983 38.00 5 34.0 395157 843406
14500 - Twin Creek 1984 41.30 5 29.0 395315 843524
UPPER GREAT MIAMI RIVER ' '
14800 - South Fork Great Miami River 1988 1.70 S 51.0 402826 835027
14800 - South Fork Great Miami River 1984 3.60 5 44.0 402848 834839
LAKE ERIE TRIBS (CHAGRIN RIVER) ,
15001 - Chagrin River 1986 4.20 3 246.0 413824 812406
15001 - Chagrin River 1986 33.40 3 54.0 412745 812110
15005 - Aurora Branch 1986 3.80 3 37.5 412310 812318
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) Eco- Drainage
River Code/River Year River Mile Region (sq. mi.) Latitude Longitude
LOWER PORTAGE RIVER
16001 - Portage River 1985 17.00 1 495.0 412928 831341
16001 - Portage River 1985 . 17.10 1 494.0 412927 831316
16001 - Portage River 1985 18.10 1 435.0 412923 831419
16001 - Portage River 1980 27.30 1 429.0 412705 832047
16001 - Portage River 1981 27.30 1 4290 412705 832047
16001 - Portage River 1982 27.30 1 429.0 412705 832047
16001 - Portage River 1983 27.30 1 429.0 412705 832047
16001 - Portage River 1984 2730 1 4290 412705 832047
16001 - Portage River 1985 27.30 1 429.0 412705 832047
LAKE ERIE TRIBS (MAUMEE RIVER TO PORTAGE RIVER) ’ ‘
16202 - Cedar Creek 1986 20.80 1 11.0 413127 833231
LOWER MUSKINGUM RIVER '
17035 - South Branch Wolf Creek 1984 6.10 4 7507 392916 813852
17044 - West Branch Wolf Creek 1984 - 3.50 4 140.0 393114 . 814214
17044 - West Branch Wolf Creek 1983 13.80 4 115.0 392719 814657
17070 - Olive Green Creek 1984 220 4 80.0 393510 813908
CONOTTON CREEK
17100 - Conotton Creek 1983 20.50 4 142.0 402930 811306
17120 - Irish Creek 1984 2.50 4 15.2° 402430 810238
KILLBUCK CREEK
17150 - Killbuck Creek 1983 24.80 4 463.0 402942 815911
17150 - Killbuck Creek. 1988 2490 4 463.0 . 402933 - 815912
17150 - Killbuck Creek 1983 35.60 3 367.0. 403622 815523
17150 - Killbuck Creek 1981 51.60 3 117.00 404804 815833
17150 - Killbuck Creek 1983 51.60 3 117.0 -~ 404804 815833
17150 - Killbuck Creek 1981 5540 3 87.0 405102 820016
LICKING RIVER .
17200 - Licking River 1988 3.60 4 753.0 395813 820324
17200 - Licking River 1981 28.60 3 533.0 400309 822145
17210 - Rocky Fork Licking River 1983 3.00 4 68.0 400530 821622
17220 - South Fork Licking River 1984 13.00 3 69.0 395624 822851
17220 - South Fork Licking River 1984 28.40 5 29.9 395923 824017
17220 - South Fork Licking River 1984 31.60 5 12.0 400128 824120
17221 - Raccoon Creek 1987 24.00 3 11.2 400836 824143
17250 - North Fork Licking R_ivei‘ 1982 2.80 3 229.0 400513 822439
17250 - North Fork Licking River 1982 11.10 3 162.0 401044 822514
17250 - North Fork Licking River 1984 24.00 3 64.0 401516 823034
17260 - Lake Fork A 1984 0.20 3 340 401212 822624
MIDDLE MUSKINGUM RIVER
17310 - Jonathan Creek 1984 12.20 4 105.0 395244 821250
SUGAR CREEK '
17400 - Sugar Creek 1983 . 3.70 4 340.0 403303 813023
17418 - Little Sugar Creek 1984 420 3 9.0 404629 814628
SANDY CREEK : ‘
17462 - Middle Branch Nimishillen Creek 1985 6.80 3 34.0 405228 811926
17463 - East Branch Nimishillen Creek 1985 8.60 3 120 405048 811404
17470 - Still Fork 1984 5.70 4 50.0 404130 810328
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Eco- Drainage .
River CodefRiver Year River Mile Region (sq. mi.) Latitude Longitude

LOWER TUSCARAWAS RIVER

17500 - Tuscarawas River 1988 10.70 4 2566.0 401730 814500

17500 - Tuscarawas River 1983 18.40 4 2470.0 401646 813819

17500 - Tuscarawas River 1988 21.10 4 2443.0 401540 © 813640
UPPER TUSCARAWAS RIVER

17500 - Tuscarawas River , 1983  119.30 3 350 410026 812932
UPPER MUSKINGUM RIVER AND WAKATOMIKA CREEK

17600 - Walhonding River 1988 0.80 4 2255.0 401704 815216

17600 - Walhonding River 1988 15.60 4 1505.0 402023 820358
KOKOSING RIVER

17650 - Kokosing River 1987 1.50 4 483.0 402215 821051

17650 - Kokosing River 1987 11.60 3 379.0 402418 821926

17650 - Kokosing River 1987 18.00 3 3150 402144 822305

17650 - Kokééing River 1987 25.20 3 250.0 402253 822808

17650 - Kokosing River - 1987  28.60 3 202.0 - 402422 822959

17650 ~ Kokosing River 1987 49.80 5 14.5 403008 824410

17674 - North Branch Kokosing River 1987 6.20 3 84.0 403905 823231
LAKE FORK JEROME FORK, MUDDY FORK MOHICAN RIVER '

17714 - Muddy Fork Mohican River 1983 13.50 3 42.0 405403 820819

17714 - Muddy Fork Mohican River 1984 19.40 3 20.9 405737 820719

17718 - Jerome Fork 1984 13.00 3 38.8 405303 821705
UPPER MUSKINGUM RIVER AND WAKATOMIKA CREEK S

17960 - Wakatomika Creek 1984 2.00 4 231.0 400800 820138
UPPER MAHONING RIVER .

18001 - Mahoning River 1984 92.60 3 440 405315 810221
PYMATUNING CREEK ,

18550 - Pymatuning Creek 1983 22.70 3 38.0 413038 803804
UPPER CUYAHOGA RIVER

19001 - Cuyahoga River 1984 64.20 3 177.0 411436 811728

19001 - Cuyahoga River 1988 64.20 3 177.0 411436 811728
LOWER CUYAHOGA RIVER

19007 - Tinkers Creek 1984 28.30 3 4.0 411258 812223
UPPER CUYAHOGA RIVER

19028 - Breakneck Creek 1983 6.90 3 56.2 410825 811614

19028 - Breakneck Creek 1984 6.90 3 56.2 410825 811614

19028 - Breakneck Creek 1987 14.70 3 423 410512 811804

19029 - Potter Creek 1984 1.50 3 3.2 410233 811745
BLACK RIVER

20002 - French Creek 1982 320 3 27.0 412751 820436
HURON RIVER

21001 - Vermilion River 1984 10.90 5 251.0 412138 822016

21001 - Vermilion River 1988 . 10.90 5 251.0 412138 822016

21001 - Vermilion River 1988 29.20 5 178.0 411332 822340

21001 - Vermilion River 1987 4420 3 78.0 410635 822840

21006 - Buck Creek 1987 1.10 3 21.0 410335 822609
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Appendix Table A-5. List of Modified Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude

UPPER PAINT CREEK

02579 - Sugar Creek 06/23/1986  26.80 5 30.0 393834 833242
UPPER MIDDLE MAUMEE RIVER '

04038 - Konzen Ditch ‘ 08/21/1984 0.70 1 24.0 412545 840244

04038 - Konzen Ditch 09/18/1984 0.70 1 24.0 412545 840244
UPPER MAUMEE RIVER AND ST. JOSEPH RIVER '

04052 - Gordon Creek 07/31/1984 680 1 37.0 411546 843906

04052 - Gordon Creek ' 09/19/1984 6.80 1 37.0 411546 843906
UPPER AUGLAIZE RIVER '

04100 - Auglaize River 08/24/1983  96.80 5 48.8 403845 840419

04100 - Auglaize River ' 09/13/1983  96.80 5 48.8 403845 - 840419

04100 - Auglaize River ' : 10/12/1983  96.80 5 48.8 403845 840419
LOWER AUGLAIZE RIVER

04112-- North Powell Creek _ o 08/01/1984 7.40 1 39.0 411018 841709

04112 - North Powell Creek . 09/20/1984 740 1 39.0 411018 841709

04120 - Blue Creek 08/15/1984 3.50 1 107.0 410705 842729

04120 - Blue Creek ‘ 09/26/1984 3.50 1 "107.0 410705 842729

04120 - Blue Creek : 10/18/1984 3.50 1 107.0 410705 842729
LITTLE AUGLAIZE RIVER _ :

04130 - Little Auglaize R. : "~ 08/18/1983  18.80 1 90.0 405553 842040

04130 - Little Auglaize R. - ' 09/21/1983  18.80 1 90.0 405553 842040

04130 - Little Auglaize R. . 08/16/1983  41.10 1 340 404642 843023

04130 - Little Auglaize R. . 09/22/1983  41.10 1 34.0 404642 843023

04134 - Hoaglin Creek . ©09/19/1983 1.10 1 41.0 410015 - 842916

04134 - Hoaglin Creek o 10/11/1983 1.10 1 41.0 410015 842916

04143 - Town Creek 08/16/1983  19.80 1 220 405000 843422
UPPER BLANCHARD RIVER v

04160 - Blanchard River 09/02/1983  96.40 5 48.0 404548 833443

04160 - Blanchard River ' 09/22/1983  97.50 5 43.0 404506 833518
ST. MARYS RIVER :

04510 - Twelvemile Creek 08/24/1983 1.70 1 35.0 403917 843042

04510 - Twelvemile Creek 09/13/1983 1.70 1 350 403917 843042

04510 - Twelvemile Creek 10/12/1983 1.70 1 350 403917 843042

TIFFIN RIVER

04605 - Mud Creek ‘ 08/15/1984  1.60 1 55.0 412055 842625

04605 - Mud Creek 09/26/1984 1.60 1 550 412055 842625

04609 - Lick Creek 06/28/1984  11.00 1 36.0 412258 843146

04609 - Lick Creek ' » 08/07/1984  11.00 1 36.0 412258 843146

04609 - Lick Creek 09/17/1984  11.00 1 36.0 412258 843146
MIDDLE SANDUSKY RIVER

05200 - Honey Creek 08/29/1983  35.20 5 26.0 410040 824717

05200 - Honey Creek 09/19/1983  35.20 5. 26.0 410040 824717
CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK)

06210 - McIntyre Creek 09/16/1983 0.10 4 27.6 401817 804058

06210 - McIntyre Creek 09/27/1983 0.10 4 27.6 401817 804058
CENTRAL TRIBS (MCMAHON CREEK, SHORT CREEK, WHEELING CREEK) ‘

06500 - McMahon Creek 08/18/1983 2.30 4 85.0 400100 804623

06500 - McMahon Creek 09/06/1983 - 2.30 4 85.0 400100 804623

11/06/2006 A-5-1



Appendix Table A-5. List of Modified Ohio Reference Sites (Fish - Wading Passes at Sites > 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
06500 - McMahon Creek 08/18/1983  5.60 4 80.0 400115 804745
06500 - McMahon Creek S 09/06/1983  5.60 4 80.0 400115 804745

CENTRAL TRIBS (YELLOW CREEK AND CROSS CREEK) :
06900 - Yellow Creek 08/25/1983  27.50 4 29.0 402939 805409
06900 - Yellow Creek . 09/21/1983  27.50 4 29.0 402939 805409
06900 - Yellow Creek 10/06/1983  27.50 4 29.0 402939 805409

STILLWATER RIVER ' 4
14200 - Stillwater River - _ 07/14/1982  63.00 5 29.0 401505 844131
14200 - Stillwater River 10/13/1982  63.00 5 29.0 401505 844131
14235 - Swamp Creek 06/29/1982  4.50 5 250 401429 842804
14235 - Swamp Creek 07/21/1982  4.50 5 250 401429 842804

UPPER GREAT MIAMI RIVER ‘

14700 - Muchinippi Creek 08/03/1982 230 5 . 850 402621 835628
14700 - Muchinippi Creek 09/22/1982  2.30 5 850 402621 835628

GREAT MIAMI RIVER AND LORAMIE CREEK ‘ S _

14999 - Miami-Erie Canal - 08/06/1987  0.10 5 200.0 402135 842221

UPPER TUSCARAWAS RIVER A - , ‘
17556 - L. Chippewa Creek o 07/27/1983  0.10 3 299 405741 814653
17556 - L. Chippewa Creek : 09/20/1983  0.10 3 299 405741 814653

WILLS CREEK

" 17870 - Buffalo Fork ‘ : ' 06/30/1987  6.20 4 570 395139 813815
17870 - Buffalo Fork 08/25/1987  6.20 4 570 395139 813815
17890 - Buffalo Creek 06/25/1984  0.80° 4 490 395345 813253
17890 - Buffalo Creek 08/27/1984  0.80 4 49.0 395345 813253
17890 - Buffalo Creek 10/01/1984  0.80 4 49.0 395345 813253

WABASH RIVER
22001 - Wabash River : : 08/22/1984  469.50 5 1240 403314 844441
22001 - Wabash River 09/25/1984  469.50 5 1240 403314 844441
22001 - Wabash River 07/23/1985 476.20 5 1020 402833 844601
22001 - Wabash River 09/11/1985 476.20 5 1020 402833 844601
22001 - Wabash River 07/17/1985 484.80 5 65.0 402452 844441

5 65.0 402452 844441

22001 - Wabash River ©09/09/1985 484.80
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Appendix Table A-6. List of Modified Ohio Reference Sites (Fish - Boat Passes)

Eco- Drainage

River Code/River ' Date River Mile Region (sq. mi.) Latitude Longitude
LOWER OLENTANGY RIVER
02001 - Scioto River 07/22/1986  133.00 5 1068.0 395752 830123
02001 - Scioto River ‘ 08/19/1986 133.00 5 10680 395752 830123
02001 - Scioto River 09/16/1986  133.00 5 1068.0 395752 830123
02001 - Scioto River ' 07/18/1988 133.00 5 10680 395752 830123
02001 - Scioto River ' 08/30/1988  133.00 5 10680 395752 830123
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER
02001 - Scioto River 08/09/1984 221.80 5 76.0 404110 834534
02001 - Scioto River 09/04/1984  221.80 5. 76.0 404110 834534
LOWER OLENTANGY RIVER ’
02108 - Eversole Run 08/01/1979 030 5 979.0 401012 830805
02108 - Eversole Run 08/29/1979  0.30 5 979.0 401012 830805
02108 - Eversole Run 09/17/1979 030 5 979.0 401012 830805
SCIOTO RIVER (MILL CREEK, BOKES CREEK, FULTON CREEK) .
02109 - Mill Creek ' ~08/01/1979 020 5 179.0 - 401442 830923
02109 - Mill Creek ‘ 08/28/1979  0.20 5 179.0 401442 830923
02109 - Mill Creek ' 09/17/1979  0.20 5 179.0 401442 830923
LOWER OLENTANGY RIVER * , ‘
02400 - Olentangy River 06/27/1988  5.50 5 529.0 400203 830136
* 02400 - Olentangy River v 08/16/1988  5.50 5 529.0 400203 830136
02400 - Olentangy River 10/05/1988 - 5.50 5 529.0 400203 830136
UPPER OLENTANGY RIVER : _
02400 - Olentangy River 08/05/1988  28.10 5 409.0 401927 830415
LOWER MIDDLE MAUMEE RIVER
* 04001 - Maumee River _ 06/23/1986  33.00 I 6051.0 412509 835415
04001 - Maumee River ' 07/22/1986  33.00 1 6051.0 412509 835415
04001 - Maumee River 09/24/1986  33.00 I 6051.0 412509 835415
UPPER MIDDLE MAUMEE RIVER
04001 - Maumee River 06/23/1986  38.50 1 5697.0 412429 835848
04001 - Maumee River 07/22/1986  38.50 1 5697.0 412429 835848
04001 - Maumee River 09/24/1986  38.50 I 5697.0 . 412429 835848
04001 - Maumee River 06/23/1986  45.70 I 5655.0 412343 840638
04001 - Maumee River A 07/22/1986  45.70 I 5655.0 412343 840638
04001 - Maumee River 09/24/1986  45.70 I 5655.0 412343 840638
04001 - Maumee River 07/24/1984  49.60 1 5581.0 412124 840855
04001 - Maumee River 09/06/1984  49.60 1 5581.0 412124 840855
04001 - Maumee River 10/11/1984  49.60 1 5581.0 412124 840855
LOWER AUGLAIZE RIVER _
04100 - Auglaize River = 07/12/1984 1520 1 1932.0 410731 842539
04100 - Auglaize River ‘ 08/29/1984  15.20 119320 410731 842539
04100 - Auglaize River . 09/27/1984 ~ 15.20 1 1932.0 410731 842539
UPPER AUGLAIZE RIVER ‘ '
04100 - Auglaize River 08/28/1986  65.00 5 207.0 404340 841809
~ 04100 - Auglaize River 09/17/1986  65.00 5 207.0 404340 841809
LOWER BLANCHARD RIVER :
04160 - Blanchard River 07/14/1983  0.20 1 771.0 - 410230 841744
04160 - Blanchard River : 08/02/1983  0.20 17 7710 410230 841744
TIFFIN RIVER
11/06/2006
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Appendix Table A-6. List of Modified Ohio Reference Sites (Fish - Boat Passes)

Eco- Drainage .

River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
04600 - Tiffin River 07/04/1984  14.10 1 562.0 412317 842346
04600 - Tiffin River 09/13/1984  14.10 1 562.0 412317 842346
04600 - Tiffin River 07/03/1984  23.20 1 471.0 412640 842526
04600 - Tiffin River 07/26/1984  23.20 1 4710 412640 842526
04600 - Tiffin River 10/10/1984  23.20 1 471.0 412640 842526
04600 - Tiffin River 07/03/1984  26.00 1 422.0 412718 842526
04600 - Tiffin River 07/26/1984  26.00 1 422.0 412718 842526
04600 - Tiffin River 10/01/1984  26.00 1 422.0 412718 842526
04600 - Tiffin River 07/03/1984  34.80 - 5 410.0 413037 842524
04600 - Tiffin River 07/26/1984  34.80 5 410.0 413037 842524
04600 - Tiffin River 10/01/1984  34.80 5 410.00 413037 842524

UPPER MIDDLE MAUMEE RIVER
04999 - Miami-Erie Canal 07/25/1984 1.90 1 200.0 411850 841249
04999 - Miami-Erie Canal 09/05/1984 1.90 1 200.0 411850 841249
LOWER SANDUSKY RIVER . .
05001 - Sandusky River 07/15/1981  19.00 1 1253.0 411907 830904
05001 - Sandusky River 08/05/1981  19.00 1 1253.0 411907 830904
05001 - Sandusky River 09/15/1981  19.00 1 1253.0 ~ 411907 830904
MIDDLE SANDUSKY RIVER
05001 - Sandusky River 07/14/1981  43.00 5 957.0 410551 831149
05001 - Sandusky River 08/03/1981  43.00 5 957.0 410551 831149
05001 - Sandusky River 09/15/1981  43.00 5 957.0 410551 831149
05200 - Honey Creek 07/13/1981 . 0.40 5 176.0 410517 831145
05200 - Honey Creek 08/03/1981 0.40 5 176.0 410517 831145
05200 - Honey Creek 09/16/1981 0.40 5 176.0 410517 831145
MIDDLE GREAT MIAMI RIVER .
14001 - Great Miami River 07/21/1980  77.10 5 2591.0 394350 841318
14001 - Great Miami River 08/13/1980  77.10° 5 2591.0 394350 841318
14001 - Great Miami River 09/24/1980  77.10 5 2591.0 394350 841318
GREAT MIAMI RIVER AND LORAMIE CREEK
14001 - Great Miami River 07/10/1980  83.30 5 1174.0 394703 841156
14001 - Great Miami River 08/12/1980  83.30 5 1174.0 394703 841156
14001 - Great Miami River 09/16/1980  83.30 5 1174.0 394703 841156
14001 - Great Miami River 07/28/1982 107.60 5 9240 400237 841228
14001 - Great Miami River 08/23/1982 107.60 5 9240 400237 841228
14001 - Great Miami River 09/14/1982  107.60 5 924.0 400237 841228
14001 - Great Miami River 07/26/1982 115.30 5 867.0 400850 841413
14001 - Great Miami River 08/23/1982 115.30 S 867.0 400850 841413
14001 - Great Miami River 09/13/1982 115.30 5 867.0 400850 841413
UPPER GREAT MIAMI RIVER )
14001 - Great Miami River 06/29/1982 143.60 5 408.0 401809 835746
14001 - Great Miami River 08/10/1982 143.60 5 408.0 401809 835746
14001 - Great Miami River 09/07/1982 143.60 5 408.0 401809 835746
STILLWATER RIVER
14200 - Stillwater River 08/06/1982  16.00 5 607.0 395648 841844
14200 - Stillwater River 09/02/1982  16.00 5 607.0 395648 841844
14220 - Greenville Creek 08/10/1982  22.60 5 106.0 400620 843903
14220 - Greenville Creek 09/07/1982  22.60 5 106.0 400620 843903

11/06/2006
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Appendix Table A-6. List of Modified Ohio Reference Sites (Fish - Boat Passes)

. . Eco- Drainage .
River Code/River Date River Mile Region (sq.mi.) Latitude Longitude
14220 - Greenville Creek 09/21/1982  22.60 5 106.0 400620 843903
KILLBUCK CREEK '
17150 - Killbuck Creek 07/28/1981  50.40 3 137.0 404718 815726
17150 - Killbuck Creek 09/22/1981  50.40 3 137.0 404718 815726
17150 - Killbuck Creek 10/14/1981  50.40 3 137.0 404718 815726
17150 - Killbuck Creek 07/19/1983  50.40 3 137.0 404718 815726
17150 - Killbuck Creek 08/30/1983  50.40 3 137.0 404718 815726
LICKING RIVER
17238 - Feeder Canal 08/02/1984 0.60 3 200.0 395428 823210
17250 - N. Fk. Licking River 08/31/1982 3.40 3 227.0 400533 822454
17250 - N. Fk. Licking River 10/05/1982 3.40 3 227.0 400533 822454
SANDY CREEK '
17470 - Still Fork Sandy Cr. 09/18/1984 0.30 4 71.0 404247 810606
UPPER TUSCARAWAS RIVER ”
17550 - Chippewa Creek 07/11/1983 0.50 3 - 188.0 405457 813838
17550 - Chippewa Creek 08/17/1983 0.50 3 188.0 405457 813838
17550 - Chippewa Creek 07/11/1983 6.50 3 146.0 405655 814432
17550 - Chippewa Creek 08/17/1983 6.50 3 146.0 405655 814432
17550 - Chippewa Creek 07/13/1983  17.20 3 33.0 410111 815234
17550 - Chippewa Creek 08/16/1983 1720 3 33.0 410111 815234
WILLS CREEK
17800 - Wills Creek 07/03/1984  27.00 4 738.0 401048 814124
17800 - Wills Creek 08/22/1984  27.00 4 738.0 401048 814124
17800 - Wills Creek 07/03/1984  37.70 4 671.0 400907 813842
17800 - Wills Creek 08/21/1984 3770 4 671.0 400907 813842
17800 - Wills Creek 07/02/1984  46.60 4 554.0 400724 813533
17800 - Wills Creek 08/22/1984  46.60 4 554.0 400724 813533
17800 - Wills Creek 10/10/1984  46.60 4 554.0 400724 813533
17800 - Wills Creek 06/26/1984  75.90 4 281.0 395630 813303
17800 - Wills Creek 08/20/1984  75.90 4 281.0 395630 813303
17800 - Wills Creek 10/09/1984 . 75.90 4 281.0 395630 813303
17840 - Leatherwood Creek 07/30/1984 0.80 4 91.0 400115 813355
17840 - Leatherwood Creek 08/23/1984 0.80 4 91.0 400115 813355
17840 - Leatherwood Creek 10/02/1984 0.80 4 91.0 400115 813355
UPPER MAHONING RIVER ' '
18001 - Mahoning River 07/07/1980  45.70 3 542.0 411424 805300
18001 - Mahoning River 08/19/1980  45.70 3 542.0 411424 805300
18001 - Mahoning River 09/08/1980  45.70 3 542.0 411424 805300 -
HURON RIVER '
21001 - Vermilion River 07/14/1988  23.90 5 192.0 411509 822348
21001 - Vermilion River 08/23/1988  23.90 5 192.0 411509 822348
21001 - Vermilion River 23.90 5 192.0 411509 822348

09/27/1988
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Appendix Table A-7. List of Modified Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

Eco- Drainage

River Code/River Date River Mile Region (sq.mi.) Latitude Longitude
BIG DARBY CREEK
02223 - Flat Branch 06/18/1979 0.80 5 139 - 401636 833236
02223 - Flat Branch 07/05/1988 0.90 5 13.9 401640 833224
02223 - Flat Branch 09/06/1988 0.90 S 13.9 401640 833224
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER
02237 - N. Rockswale Ditch : 07/13/1987 2.60 5 3.0 403730 830947
02237 - N. Rockswale Ditch 08/17/1987 2.60 5 3.0 - 403730 830947
02237 - N. Rockswale Ditch 09/11/1987 2.60 5 3.0 403730 830947
UPPER MAUMEE RIVER AND ST. JOSEPH RIVER '
04055 - M. Fk. Gordon Creek 07/31/1984 3.80 5 8.4 411749 844335
04055 - M. Fk. Gordon Creek 09/19/1984 3.80 5 8.4 411749 844335
LOWER AUGLAIZE RIVER ' , ‘
04114 - South Powell Creek 08/01/1984  14.10 1 13.5 410730 841556
04114 - South Powell Creek 09/20/1984  14.10 1 13.5 410730 841556 '
LITTLE AUGLAIZE RIVER . i
04131 - Prairie Creek 09/19/1983  18.10 1 18.0 405916 843615
04131 - Prairie Creek B 10/10/1983  18.10 1 18.0 405916 843615
04137 - Hagerman Creek ' ‘ 08/17/1983 0.80 1 14.0 410201 843135
04137 - Hagerman Creek 09/20/1983 0.80 1 14.0 410201 843135
'ST. MARYS RIVER ‘
04518 - Center Branch 07/29/1987 3.20 5 15.5 403113 841900
04519 - Carter Creek : 09/05/1984 2.10 5 7.3 402943 842059
04519 - Carter Creek - 09/18/1984 2.10 5 7.3 402943 842059
04519 - Carter Creek ' 10/02/1984 2.10 5 7.3 402943 842059
TIFFIN RIVER '
04614 - Brush Creek 06/26/1984  19.10 1 17.0 413149 841623
04614 - Brush Creek 08/08/1984  19.10 1 17.0 413149 841623
04614 - Brush Creek 09/18/1984  19.10 1 17.0 413149 841623
UPPER SANDUSKY RIVER
05042 - Paramour Creek ' 07/10/1985 6.30 5 4.5 404919 824220
05042 - Paramour Creek 08/13/1985 6.30 5 4.5 404919 824220
05059 - PPG Trib to Paramour 08/12/1985 3.70 5 1.0 404759 824140
05059 - PPG Trib to Paramour 09/09/1985 3.70 . 5 1.0 404759 824140
STILLWATER RIVER
14208 - Painter Creek ‘ - 07/01/1982  16.20 5 2.8 395947 843334
14208 - Painter Creek . 07/29/1982  16.20 5 2.8 395947 843334
14236 - Indian Creek 07/19/1983 2.00 5 18.3 401400 843054
14236 - Indian Creek - , ' 08/30/1983 2.00 . 5 18.3 401400 843054
14236 - Indian Creek 09/26/1983 2.00 5. 18.3 401400 843054
14238 - N. Fk. Stillwater R. ' : 07/14/1982 0.40 5 18.3 401312 843810
14238 - N. Fk. Stillwater R. 10/12/1982 040 5 18.3 401312 843810
FOURMILE CREEK AND UPPER EAST FORK WHITEWATER RIVER
14317 - Welker Lateral - _ . 07/07/1982 0.90 5 1.7 395711 844217
14317 - Welker Lateral 07/29/1982 0.90 5 1.7 395711 844217
GREAT MIAMI RIVER AND LORAMIE CREEK
14606 - Ninemile Creek 09/10/1986 420 5 9.2 401411 842235
14606 - Ninemile Creek ‘ 09/10/1986 6.40 5 1.6 401415 842452
UPPER GREAT MIAMI RIVER
11/06/2006
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Appendix Table A-7. List of Modified Ohio Reference Sites (Fish - Headwater Passes at Sites < 20 mi?)

Eco- Drainage

* River Code/River Date River Mile Region (sq. mi.) Latitude Longitude
14801 - Liggit Ditch ‘ 09/28/1982 0.50 5 73 403013 834602
14802 - N. Fk. Great Miami R ' 07/13/1988  10.50 5 8.5 403339 834637
14802 - N. Fk. Great Miami R 08/19/1988  10.50 5 85 403339 834637

MIDDLE MUSKINGUM RIVER
17308 - Black Fork 07/06/1987 2.50 4 9.6 394350 820414
17308 - Black Fork 07/06/1987 2.70 4 9.5 394339 820412
17325 - Ogg Creek : 07/06/1987 1.50 4 55 394324 820246
SANDY CREEK
17484 - Swartz Ditch 07/09/1985 0.20 3 - 155 405450 811821
17484 - Swartz Ditch ' . 07/31/1985 0.20 3 155 405450 811821
17484 - Swartz Ditch 09/16/1985 0.20 3 155 405450 811821
UPPER TUSCARAWAS RIVER
17553 - River Styx ’ ‘ 07/26/1983 3.90 3 140 410037 814610
17553 - River Styx ) 09/20/1983 3.90 3 14.0 410037 814610
17556 - L. Chippewa Creek . 08/19/1981  11.40 3 1.2 405051 814442
17556 - L. Chippewa Creek 06/24/1986  11.40 3 1.2 405051 814442
WILLS CREEK ‘
17879 - Miller Creek 06/25/1987 0.20 4 11.6 395052 814017
17879 - Miller Creek 08/24/1987 0.20 4 11.6 395052 814017
17881 - Rannells Creek : 06/25/1987 1.00 4 5.6 395020 813945
17881 - Rannells Creek 08/24/1987 1.00 4 56 395020 813945
11/06/2006
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Appendix Table A-8. List of Modified Ohio Reference Sites (Macroinvertebrates)

. Eco- Drainage .
River Code/River Year River Mile Region (sq. mi.) Latitude Longitude

UPPER HOCKING RIVER

01001 - Hocking River 1982 92.00 3 32.0 394341 823709
UPPER SCIOTO RIVER AND LITTLE SCIOTO RIVER

02001 - Scioto River 1984  221.60 5 77.0 404104 834350
LOWER MIDDLE MAUMEE RIVER

04001 - Maumee River 1986 34.80 1 6022.0 412457 835510
UPPER MIDDLE MAUMEE RIVER

04001 - Maumee River 1986 4420 1 5681.0 . 412435 840529

04038 - Konzen Ditch 1984 0.70 1 24.0 412545 840244
UPPER MAUMEE RIVER AND ST. JOSEPH RIVER

04052 - Gordon Creek 1934 6.70 1 37.0 411544 843900
UPPER AUGLAIZE RIVER '

04100 - Auglaize River 1983 96.80 5 48.8 403845 840419
LOWER AUGLAIZE RIVER " '

04120 - Blue Creek 1984 3.40 1. 107.0 410706 842726
UPPER BLANCHARD RIVER

04160 - Blan¢hard River 1983 95.60 5 69.0 404600 833415

04160 - Blanchard River 1983 95.60 S 69.0 404600 833415
- 04160 - Blanchard River 1983 97.50 5 43.0 404506 833518
ST. MARYS RIVER '

04510 - Twelvemile Creek 1983 1.70 1 35.0 403917 843042
TIFFIN RIVER '

04600 - Tiffin River 1984 18.70 1 542.0 412538 842322

04600 - Tiffin River 1984 23.00 1 471.0 412631 842453

04600 - Tiffin River 1984 26.20 1 4220 412723 842630

04600 - Tiffin River 1984 37.60 5 386.0 413109 842420

04605 - Mud Creek 1984 1.50 1 55.0 412101 842617

04609 - Lick Creek 1984 11.00 1 36.0 412258 843146
MIDDLE SANDUSKY RIVER

05200 - Honey Creek 1983 34.10 5 28.0 410121 824757
STILLWATER RIVER
- 14200 - Stillwater River 1984 62.00 5 30.0 401440 844055

14200 - Stillwater River 1982 63.00 5 29.0 401505 844131

14235 - Swamp Creek 1982 4.40 5 25.0 401426 842803

14236 - Indian Creek 1983 1.90 5 19.0 401360 843054

14238 - North Fork Stillwater River 1982 0.40 5 183 401312 843810
UPPER TUSCARAWAS RIVER

17550 - Chippewa Creek 1983 6.60 3 146.0 405647 814435

17550 - Chippewa Creek 1983 16.30 3 40.0 410036 815153

17553 - River Styx 1983 5.10 3 9.0 410129 814633

17556 - Little Chippewa Creek 1981 0.10 3 29.9 405741 814653
WILLS CREEK

17800 - Wills Creek 1984 46.60 4 554.0 400724 813533

17800 - Wills Creek 1984 75.80 4 281.0 395627 813301

17870 - Buffalo Fork 1987 0.20 4 71.0 395413 813315

17870 - Buffalo Fork 1987 0.30 4 71.0 395413 813315

17870 - Buffalo Fork 1987 6.20 4 57.0 395139 813815

17878 - Collins Fork 1987 270 4 6.0 394947 814212
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Appendix Table A-8

. List of Modified Ohio Reference Sites (Maéroinvertebrates)

Eco- Drainage

River Code/River Year River Mile Region (sq. mi.) Latitude Longitude
17879 - Miller Creek 1987 0.30 4 . 11.6 395056 814021
17881 - Rannells Creek 1987 1.00 4 5.6 395020 813945

WABASH RIVER
22001 - Wabash River 1985  476.00 5 102.0 402834 844556
22001 - Wabash River 1985  484.70 5 65.0 402454 844450

11/03/2006
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Doc. 0051e/0000F Users Manual October 30, 1987

Procedure No. WOMA-SWS-6  Date lssued  11/02/87

‘ Revision No. I “ Effective 11/02/87
Table B-3. (continued)

FINS _ Spc Feed 1Bl Riv Brd ‘Hab

Code _ Species

Grp Guild TOL Grp Svze B1d Pref.  Family

77998 Green Sunfish Hybrid

- Centrarchidae
77999 Hybrid Sunfish Centrarchidae
80001 Sauger V

-Peréidae
“Percidae
“Percidae
‘Percidae
Percidae

80002 Walleye

80003 Yellow perch
80004 Dusky darter
80005 81ack§"e;darter

[ R el et LI B B e |

B00OS & ‘Percidae”

80007 S1enderh ad darter Percidae .

80008 “darte: Percidae

800039 Channe1 da.ter Percidae &
. BOD1D GYTE darter Percidae 3

BOO11- Logperch ‘Percidae -

80012 Crystal.darter - - ‘Percidae ]

BG013 tastern sand darter - Percidae %

B0014 Johnny darter Percidae 0

80015 Gr&enside darter ‘Percidae i

80016 Banded -
80017 Vvariegaf :
80018 Spotted darter

80019  Bluebreast darter

‘Percidae
Percidae

i
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- Percidae
80020 Tippetanoe darter - ‘Percidae
80021 lowa darter - Percidae
80022 Ralnbow darter - Percidae
800?23 Orangethroat darter P ‘Percidae
80024 Fantail-darter H ‘Rercidae
80025 Least darter - - ‘Percidae
' 80026 Sauger x Walleye - ‘Percidae i
85001 Freshwater drum ' , L Sciaenidae : 7
30001 Spoonhead sculpin T - ‘Cottidae i
30002 Mottled sculpin 5C H Cottidae
30003 Slimy sculpin sSC - - - Lottidae
90004 Deepwater sculpin St - - - ‘Cottidae
95001 Brook stickleback ' 0 - - M ‘Gasterosteidae
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