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Aquatic Bioassessments by Ohio EPA

Where
 Mainly rivers, streams, and small waterways
* |Inuseand development for Lake Erie, Ohio

River, and wetlands
What

e Fish, macroinvertebrates, physical habitat

o Sediments, water quality, fish contamination

 Biomarkers, other tools as devel oped

Why

* Provide empirical information for water
guality management and decision-making

o Determine status of Ohio's aguatic resources

e Assurethat waters are correctly classified
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CORE INDICATORS

®* Fish Assemblage ® Macroinvertebrates ® Periphyton
(Use Community Level Data From At Least Two)

Physical Habitat Indicators | Chemical Quality Indicators
® Channel morphology ® Flow ® pH ® Temperature
® Substrate Quality ® Riparian ® Conductivity ® Dissolved O,

For Specific Designated Uses Add the Following:

AQUATIC LIFE RECREATIONAL WATER SUPPLY
Base List: Base List: Base List:
® |onic strength ® Fecal bacteria ® Fecal bacteria
® Nutrients, sediment ® |onic strength ® |onic strength
Supplemental List: Supplemental List: ® Nutrients, sediment
® Metals (water/sed.) ® Other pathogens Supplemental List:
® Organics (water/sed.) ® Organics (water/sed.) ® Metals (water/sed.)
® Organics (water/sed.)
® Other pathogens

HUMAN/WILDLIFE CONSUMPTION
Base List:

® Metals (in tissues)
® Organics (in tissues) ITFM Indicators




Ohio EPA 5-Year
Basin Approach
for Monitoring &
Assessment

» Rotating basin approach
for determining annual
monitoring activities.

» Correlated with NPDES
permit schedule.

e Supports annual WQS
use designation rule-
making.

 Aligned with 15 year
TMDL schedule.




Geometric Site Selection
Set;luentfd subdivision by halves of the entire 357 mi2 basin
yeilds subbasin areas of 178 mi2, 89 mi2, 44 mi2, 22 mi2,

11 mi 2, 5.6 miZ2 and 2.B mi2. Sites which mostclosely
matched these stratifications were selected for inclusion in
the Ohio EPA 1998 Sugar Creek watershed study.

Approximate location and
size {mi2) of goometrically
selected sites.

Symbols:
@

Sugar Creek Subbasin:
Example of Geometric
Site Selection Process

e Used in TMDL development

5 year basin watersheds

* Increased miles of assessed
streams & rivers annually

* Resolve undesignated streams
* Close 305b/303d listing gaps

» Generate broader database for
development of improved tools
e Part of 15 yr. TMDL development
schedule beginning in 1998

« Augmented by 5 -year basin
approach process (1980-1997)
« Standardized biological,
chemical, physical tools and
indicators
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M acroinvertebrate Assemblage Assessment:
Ohio EPA Approach

- Standardized & Representative Sampling - artificial substrates &
gualitative dip-net/handpick methods, mid-June to late-September.

-+ TaxaRichness & Relative Abundance - counts and numbers per
unit area (sq. ft.).

- Data Quality Objectives - lowest taxonomic level practicable for
common orders/families (genus or species), standard keys.

- Key Component of Biocriteria- ICl and component metrics

- Basin/Sub-basin Sampling Design - longitudinal and watershed
scale interpretation of results.

- Watershed Scale Considerations- ICl metrics are calibrated against
stream and river size.

- Experienced Biologists - detailed familiarity with regional fauna,
natural history, response signatures, impact types.
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Fish areawidely
Identifiable component of
aguatic systemsand are
valued for their recreational
uses. Most species,
however, are more obscure, §
and comprise the second
most endangered group.




Small to Large River
‘Ohio R. Boat Methods

*1

Vehicle
with

Winch Wading/Headwater Methods




Fish Assemblage Assessment: Ohio EPA
Approach

* Standardized & Representative Sampling - stratified pulsed D.C.
el ectrofishing methods, mid-June to mid-October.

* Relative Abundance - numbers and weight (biomass) per unit
distance (effort).

* Data Quality Objectives - genus/species based on regional
Ichthyology keys and AFS nomenclature.

* Key Component of Biocriteria- IBI, MIwb, and component
metrics.

* Basin/Sub-basin Sampling Design - longitudinal and watershed
scale interpretation of results.

* Watershed Scale Considerations - headwaters, wading, and boat
sites, metric calibration accomplisned for each strata.

* Experienced Biologists - regional fauna, natural history, response

signatures, impact types. .
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The Qualitative Habitat Evaluation
Index (QHEI)

QHEI Includes Sx Major Categories of Macrohabitat

- Substrate - types, origin, quality, embeddedness

- Instream Cover - types and amounts

- Channel Quality - sinuosity, development, stability

- Riparian/Bank Stability - width, quality, bank erosion

- Pool/Riffle/Run - max. depth, current types,
morphology, substrate embeddedness

- Gradient - local gradient (varies by drainage area)

Source: The Qualitative Habitat Evaluation Index (Rankin 1989)
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QHEI: Qualitative Habitat
Evaluation Index - |

What it Is;

- A visual, qualitative method of measuring habitat quality

- Aidsin designating aguatic life uses, may be conclusive
IN obvious cases

- A set of stressor variables - it aids in assessing causes of
Impairments defined by the biological criteria

- Generally correlated with biological integrity
- Reach-level habitat quality is an important covariate

- Depends on standardized definitions of habitat types
(training Is very important)

14



Aquatic Life Designated Uses

Ohio Water Quality Standards

e Uses are portrayed as narratives.

e Chemical and biological criteria are assigned to each
In accordance with the attributes ascribed by the
designated use narrative.

Uses Are Assigned Based on Demonstrated
Potential (In order of Importance)

o Attainment of the biological criteria.

» Habitat assessment demonstrates the potential to attain
the designated use.

o Attainment of usesis tracked in State 305|b] reports.




Aquatic L ife Use Designations:
OhioWQS

Based on Biological Community Attributes

* Exceptional Warmwater Habitat (EWH): preserve &
maintain existing high quality.

e Warmwater Habitat (WWH): basic restoration goal for
most streams.

* Modified Warmwater Habitat (MWH): attainable
condition for streams under drainage maintenance or other
essentially permanent hydromodifications (e.g.,
Impoundments).

* Limited Resource Waters (LRW): essentially irretrievable,

human induced (e.g., widespread watersned modifications)
or naturally occurring conditions (e.g., ephemeral flow).
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Aquatic Life Designated Uses

Ohio Water Quality Standards

e Uses are portrayed as narratives.

e Chemical and biological criteria are assigned to each
In accordance with the attributes ascribed by the
designated use narrative.

Uses Are Assigned Based on Demonstrated
Potential (In order of Importance)

o Attainment of the biological criteria

» Habitat assessment demonstrates the potential to attain
the designated use.

o Attainment of usesis tracked in State 305|b] reports.




Use Attainability Analysis|: Are CWA
Goal Uses Attainable?

U.S. EPA regulations allow lower than CWA goal
uses where precluded by:

e naturally occurring pollutant levels,

e natural flow conditions (i.e., ephemeral)* *;
* human-induced conditions which cannot be remediated;

* hydrological modifications (dams, diversions, channel
modifications) which cannot be operated in a manner
consistent with the CWA goal use;

e natural physical features (substrate, flow, depth);

e controlsto attain use would cause widespread,
SOCioeconomic Impacts.

**_ does not apply when flow isaugmented by an effluent dischar ge.

Source: 40 CFR Part 131.10 (g)(1-6)

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 22



Use Attainability Analysis||: Process
and | nformation Requirements**

Use attainability analysis requires the following
Information and knowledge:

e existing status of waterbody based on biocriteria;

o habitat assessment to evaluate potential;

e reasonabl e relationship between impaired state and
precluding activity based on assessment of multiple
Indicators used in appropriate roles,

 recommendation subject to WQS rulemaking process

o < CWA usesreviewable every three years - a
"temporary" designation.

** -All data collection and analysis must conform to Ohio WQS and
Five-Year Monitoring Strategy data and design quality objectives.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06

23



|mportant Considerationsfor Biological
Criteria Programs

Six criteria that programs should satisfy:

» The measures used must be biological.
* The measures must be interpretable at or extend to

multiple trophic levels.
* The measures must be sensitive to the conditions being

assessed.
 The response range must be suitable for intended uses.

* The measures must be reproducible and sufficiently
precise.

» The variability of the measures must be low enough to
detect and quantify changes.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 24



What to Measure? How to Decide?

Relative Abundance?

Biological Condition

LOW Stressor Gradient > HIGH
[Effect of Human Activity]



Symptoms of Ecological Degradation

A Partial List:

Reduced populations of native species.
~ewer size (age) classes.

Reduced number of intolerant species.
ncreased proportion of exotic species.

Reduced proportion of ecological specialists.

« Simplified trophic web and interactions.
 |ncreased Incidence of serious disease &

anomalies.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 26



|ndex of Biotic Integrity (Karr 1981)

12 Metrics

- Species richness _ . .
. #Darter species Community * 5,3,1 metric scoring
- #Sunfish species Composition categories.
'+ #SUCKer Species Environmental  * 12t0 60 scoring
'~ Ylntolerant species  Tp|erance range
.0 I '
| (fgﬁ?viigsﬂm | » Calibrated on a
O T Community regional basis.

i . Function - -
- %Top Carnivores * Scoring ad) ust-
: %H_ybl‘idS . Community ments needed for
+ %Diseased individuals  Condition very low numbers.

- Number of Fish

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 27



Basic Premise of |Bl Type M easures

o |east Impacted biological systems have
distinctive structural and functional attributes.

e Some attributes can be measured in the field and
aggregated into metrics.

 Departure of metrics from a reference condition
IS correlated with the degree (severity) of a
perturbation.

» Synthesis of multiple, representative metrics
reflects the overall integrity of the community.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 28



| nvertebrate Community I ndex
(Ohio EPA 1987; DeShon 1995)

* TaxaRichness

* #Mayfly taxa * 6,4,2,0 metric scoring
* #Caddisfly taxa categories.

* #Dipteran taxa » 0 to 60 scoring range.
* %Mayflies » Calibrated on regional

+ %Caddisflies basis,

* %Tanytarsini Midges
* %0ther Diptera/lNon-Insects
* %Tolerant taxa

e Scoring adjustments
needed for very low
numbers of specific
taxa.

* Qualitative EPT taxa

March 31 — April 4, 2003

National Biological Assessment and Criteria Workshop, BIO 101_06
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Key Invertebrate Metrics:
Intolerant & Specialist Taxa

T F
R 1%

f‘f‘lw
| B

alderflies dobson flies snipe flies

Expected Response to Stress: Declines in abundance
and proportion of assemblage



Key Invertebrate Metrics: Highly tolerant taxa

Chironomid midges? leeches | There are at least three

distinct responses exhibited
by the Chironomidae;
sensitive (Tanytarsini),

e facultative (Glyptotendipes),
and toxic tolerance

WOrms pouch snails (Cricot(_)pu_s); taxonomic
resolution is needed at

genus level.

Expected Response to Stress: Increased abundance or
proportion of assemblage



METRIC VALUE

LOW

Metric Behavior Along the
Stressor Gradient

Stressor Gradient > HIGH
[Effect of Human Activity]



GENERAL TEMPLATE FOR STRATIFYING RESOURCE TYPES

Aquatic Life Use
(subcategories by
resource type)

Lotic Systems Lentic Systems Marine Systems
Springs
& Seeps Glacial Near
Lakes Coastal
Primary HW
Streams Reservoirs Estuary
Headwater
Great Coral
Streams | akes Reef
Wadeable
Streams WWEHERES
Large
Rivers
Great
Rivers 33




OHIO SPECIFIC TEMPLATE FOR STRATIFICATION

Warmwater Lotic Systems

Primary HW

Streams
(<1-3 mi?)

Class B
Modified

———————————

...............................

___________

Adopted in WQS E— I
. Assessment Tool
B ORsANCO

34




OHIO EPA HEADWATER WADEABLE BOATABLE

MODIFIED SITETYPE SITE TYPE SITE TYPE
IBI METRICs (<20 SQ. Ml.) (20-300 ME) (200-6000 MI?)
1. Total Native Species X X X
2. #Darter Species X
#Darters + Sculpins X*

%Round-bodied Suckers

xS

3. #Sunfish Species X
#Headwater Species X*
%Pioneering Species X*
4. #Sucker Species X X
#Minnow Species X*
5. #Intolerant Species X X
#Sensitive Species X*
6. %Tolerant Species X X X
7. %0Omnivores X X X
8. Wlnsectivores X X X
9. %Top Carnivores X X
10. %Simple Lithophils X* X* X*
11. %DELT Anomalies X X X
12. Number of Individuals X X X

* - Substitute for original IBlI metric described by Karr (1981) and Fausch et al. (1984)

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 35



OHIO EPA BOATABLE LAKE ERIE LAKE ERIE

MODIFIED SITE TYPE LACUSTUARY NEARSHORE
IBI METRICs (Inland Rivers) (Harbors/Rivers) (Shoreline)
1. Total Native Species X X X

2. #Darter Species
%Round-bodied Suckers X*

#Benthic Species X* X*
3. #Sunfish Species X

#Centrarchid Species X* X*
4. #Sucker Species X

#C%/prlnld__Speues_ X*

#Phytophilic Species X*
5. #Intolerant Species X X X
6. %Green Sunfish

%Tolerant Species X* X* X*
7. %0mnivores X X X
8. %lnsectivores X

%Phytophilic Individuals X*

%Lake Species X*
9. %Top Carnivores X X X
10. %Hybrids

%Simple Lithophils X*

%Nonindigenous Species X* X*
11. %DELT Anomalies X** X X* *
12. Number of Individuals X X X

X% - Substitute for original IBl metric described by Karr (1981) and Fausch et al. (1984)

%x%- Excludes highly tolerant species in all and additionally gizzard shad in the L. Erie IBIs. 36
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Ohio IBI Calibration & Biocriteria Derivation Process

Metric 5 3 1
] . . .
w Number of Species  Varies x Drainage Area
(& No. of Darter Spp.  Varies x Drainage Area
o No. of Sunfish Spp. >3 2-3 <2
i No. of Sucker Spp.  Varies x Drainage Area
- Intolerant Species
o >100 sg. mi. >5 35 <3
(o <100 sg. mi. Varies x Drainage Area
= %Tolerant Species  Varies x Drainage Area
%Omnivores <19 19-34 >34
%lInsectivores
<30 sg. mi. Varies x Drainage Area
O RAINAGE AREA (50 MI >30 sg. mi. >55 26-55 <926
. . . %Top Carnivores  >5 1-5 <1
|. Select & sample Il. Calibration of IBl metrics %Simple Lithophils  Varies x Drainage Area
f -t %DELT Anomalies >1.3 0.5-1.3 <0.5
reference sites Relative Abundance >750 200-750 <200

[1l. Calibrated IBI modified for
Ohio waters

REGIOMAL REFEREMCE SITES:
IR {Wading Site Type}

1B 1
L
o
1

HELP IP ECLP wop ECEP
ipd =30 -2 (e Sd) - 0S) (e 155

20 f
12f, A, | :
a0 120 128 1fila ioa 9o

ECORESION

IV. Establish ecoregional v/ perjve numeric bio-  VI. Numeric biocriteria are
patterns/expectations criteria; Codify in WQS  used in bioassessments



Data Manipulation Hierarchy
of Field-Collected Biological
Samples

A
Rating
Interpretive
Criteria
Aggregated “Index”
Bioassessment Score

/ METRICS
/ Raw Data




Ohio Biological Criteria: Adopted May 1990
(OAC 3745-1-07; Table 7-14)

Huron Erie Lake Plain (HELFP)
Use Size IBI Miwbh ICI
WWH H 28 NA 34 Erie Ontario Lake Plain (EOLP)
w 32 73 34 Use Size IBI Miwb ICI
34 WWH H 40 NA 34
22 W 38 7.9 34
B 40 . 34

/ MWH-C H 24

8.7
NA
W 24 6.2 22
5.8
6.6

22

MWH-I B 30 NA B o4 5
Eglr:?anl-:'llzarilr? / Erie-Ontario MWH-1 B 30 NA
(HELF) Lake Flain
Eastern Corn Bek Plains (ECBP) ; (EOLF)
Use Size IBI Miwb ICI {
WWH H 40 NA 36 ,
W 40 8.3 36 /
B 42 85 36 T Eastem _
MWH-C H 24 NA 22 Com Belt K Anestem
Plain egheny f
w 24 5.2 22 (ECEP) F'latAESLI I‘I" Wesfern Affegheny Flateau (WAP)
B 24 58 22 (AAF) 5 Use  Size IBI Miwb ICI
MwH-I B 30 66 NA s WWH H 44 NA 34
P W 44 84 34
I 7 e 32055 %
- ateau ] -
Interior Plateau (IF) L (P e W 24 6.2 22
Use Size IBI Miwb ICI S i B 24 58 22
WWH H 40 NA 30 ﬂﬁ,.r MWH-A H 24 NA 30
W 40 8.1 30 - W 24 55 30
B 38 87 30 B 24 55 30
MWH-C H 24 NA 22 MWH-I B 30 66 NA
W 24 6.2 22 Statewide Exceptionai Criteria
B 24 58 22 Use Size IBI Miwb ICI
MWH-l B 30 66 NA EWH H 50 NA 46

W 50 94 46
B 48 96 46



Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers

Condition of the Biotic Community

[Specific to Ecotype]

(10/22 draft)

Natural structural, functional, and taxonomic integrity is preserved.

Structure and function similar to natural community with some additional
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may
be present; ecosystem level functions are fully maintained

Evident changes in structure due to loss of some rare native
taxa; shifts in relative abundance; ecosystem level functions fully
maintained through redundant attributes of the system.

Moderate changes in structure due to replacement
of sensitive ubiquitous taxa by more tolerant taxa,;
overall balanced distribution of all expected taxa;
ecosystem functions largely maintained.

condition shows signs of physiological
stress; ecosystem function shows reduced
plexity and redundancy; increased
up or export of unused materials.

Sensitive taxa markedly diminished,;
conspicuously unbalanced distribution of
major groups from that expected; organism

Extreme changes in structure; wholesale changes in anomalies may be frequent;
taxonomic composition; extreme alterations from ecosystem functions are
normal densities; organism condition is often poor; xtremely altered.

LOW —— Human Disturbance Gradient — HIGH



Biological Integrity: Putting
Theory Into Practice

Essential Elements of the Regional
Reference Site Approach

 Biological Performance - need ways to measure (e.g.,
IBI, ICI, BI, RIVPACS, etc.).

e Natural Habitats - come to grips with the attainability
Issue (e.q.,‘ ‘ least impacted’ reference sites.

e Region - need to stratify and account for natural
variability (e.g., ecoregions and tiered uses).

* Reference site ‘ re-sampling’’ to account for broad
scale, long term changes in attainable conditions.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 42




The Regional Reference Site Approach:
The Roleof Stratification

Recognizing the relative importance of landscape,
geographic, physical, and socioeconomic factorsin
deriving regionally relevant benchmarks or criteria

| nter-Regional Factors:

» Ecoregions - overall synthesis of taxonomy, biogeo-
graphy, diversity, ecological function, and attainability.

o Water Quality Standards - define goals and criteria.

| ntra-Regional Factors:

» Site-Specific Stratification - stream size (drainage area,
width), gradient, temperature, elevation, latitude etc.

March 31 — April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_06 43



Biological Criteria“Maintenance”

« Reference sites “re-sampling” linked to
basin monitoring cycle (10 yr. process).

» Kegps tabs on reference condition change.

 Update consistent with new technologies.

« Template for developing stressor thresholds
and gradients.

« Formally linked to WQS viatiered
designated use descriptions and derivation
system.
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Coping With Biological Data
Variability

- Compress Variability: use multi-metric
measures (e.g. IBI, ICI, etc.).

- Stratify Variability: use ecoregions (or subsets)
and tiered aquatic life use classification system.

- Control Variability: select efficient sampling

methods that yield informative and consistent
results.
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Resolution and Detail in WQS and Monitoring
and Assessment Affect Overall WQ
Management Program Effectiveness

Program Attribute Least Accurate » Most Accurate
WQS/Des. Uses: General Uses Refined Uses
(Generic AQLU) (Tiered AQLU)
WQ Criteria: Simple, Chemical Chemical & Biological
(Conventionals) (Acute/Chronic, Biocriteria)
Monitoring: Fixed Stations Rotating Basins

(Stratified, Probabilistic)

Indicators: Chemical, Narrative Chem., Phys., Biological
(Numeric, Calibrated)
Detail: Coarse Refined
(Low Signal) (Integrated Signal)
Resolution: Pass/Falil Incremental

(No Increments) (Continuous Scale)



