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MBI is a 501[c][3] Applied Research 
Organization Specializing in Aquatic 

Bioassessments, Research, Education, & Training 



MSDGC Watershed Assessment 
Plan Development 

MSDGC requested MBI to develop a comprehensive 
“DRSCWG” style monitoring and assessment plan 

 Covers 11 subwatersheds and 3 major mainstem 
rivers in the MSDGC service area 

 Data collection is the first step followed by 
subwatershed assessments 

 Assess current status, proximate stressors, and 
use attainability issues 

 Once larger database is compiled will begin 
development of an IPS type of analysis 

 IPS will allow MSDGC to focus on highest return 
projects 

 Provides tools to communicate to public 



 Follow Principles of 
Adequate M&A 

 Spatial design fits scale of 
management issues 

 Indicators & parameters fit 
appropriate roles 

 Compile existing sites 
 Delineate geometric sites 
 Fill gaps to cover important 
stressors 

 4 year rotation 
 Detailed study planning 
prior to each field season 

 L3 data collection allows 
results to be used to affect 
WQS uses & TMDLs 

Bioassessment 
Plan Steps 



Ohio Credible Data Law: II 



Bioassessment Plan Elements 

Bioassessment Plan Objectives: 
 
Sample biological, chemical, and physical 
parameters following a watershed 
assessment design – done by L3 QDCs 

Watershed assessments are focused on 
identifying priority stressors to aquatic life 
& recreational uses 

Develop prioritization mechanisms based on 
watershed level monitoring & bioassessment 
– IPS specific to MSDGC service area   

Bioassessment as used herein 
consists of biological, chemical, and 

physical data collection and a process 
for stressor identification. 



CORE INDICATORS 

•  Fish Assemblage   •  Macroinvertebrates   •  Periphyton 
(Use Assemblage Level Data From At Least Two) 

Physical Habitat Indicators 
•   Channel morphology   •  Flow 

•  Substrate Quality   •  Riparian 

Chemical Quality Indicators 
•   pH    •   Temperature 

•   Conductivity    •   Dissolved O 
2 

For Specific Designated Uses Add the Following: 

AQUATIC LIFE 
Base List : 
•  Ionic strength 
•  Nutrients, sediment 
Supplemental List : 
•  Metals (water/sediment) 
•  Organics (water/sediment) 

RECREATIONAL 
Base List : 
•  Fecal bacteria 
•  Ionic strength 
Supplemental List : 
•  Other pathogens 
•  Organics (water/sed.) 

WATER SUPPLY 
Base List : 
•  Fecal bacteria 
•  Ionic strength 
•  Nutrients, sediment 
Supplemental List : 
•  Metals (water/sediment) 
•  Organics (water/sed.) 
•  Other pathogens 

HUMAN/WILDLIFE CONSUMPTION 
Base List : 
•  Metals (in tissues) 
•  Organics (in tissues) 



Primary Headwater Stream Initiative 

 Robert D. Davic 

 Steve Tuckerman 

 Paul Anderson 

 Mike Bolton 

Extends bioassessment into to 
otherwise unmonitored streams 



Watershed Coverage of TMDLs W.B. DuPage River  
 For WB only 39% of 

watershed covered by IEPA 
TMDLs.  100% under Bio-
assessment plan 

 

 Representative of other 
Illinois watersheds  

 

 33 waters, not covered by 
existing or in-development 
TMDLs (green), were 
identified as impaired  

 

 Produced stressors not seen 
in TMDLs 

 

 Allows for more confidence in 
associating stressors and 
sources 

 

 An important step towards 
developing Tiered Aquatic 
Uses  
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2014 – Ohio River 

Coverage extends outside of 
Hamilton Co. (and Ohio) when needed 
to determine the role of upstream 
sources (e.g., L. Miami & Great 
Miami R. + reference sites). 



Subwatershed Bio Sites Chem Sites HD QL PHW

Mill Cr. W. Branch 24 20 0 0 9 6 15 3 7 4 13

Mill Cr. E. Branch 37 34 0 0 15 10 24 8 9 11 19

Mill Cr. S. Branch 28 24 7 3.5 3 2 18 6 10 7 11

Year 1 Subtotal 89 78 7 3.5 27 18 57 17 26 22 43

LMR Duck Cr. & Indian Hill 30 22 9 5 0 0 22 5 16 5 12

LMR Sycamore & Polk Run 34 31 7 4 3 2 25 5 12 11 12

GMR Multiple (Muddy Cr.) 20 19 7 4 6 4 10 2.5 7 4 12

Year 2 Subtotal 84 72 23 13 9 6 57 12.5 35 20 36

GMR New Baltimore 27 22 9 6 4 2 16 4 11 2 16

GMR Harrison Dry Fork 24 24 10 7 12 6 10 2.5 17 5 10

GMR Hooven Cleves 19 11 12 8 0 0 9 2.5 12 0 9

Year 3 Subtotal 70 57 31 21 16 8 35 9 40 7 35

LMR 12 Mile Multiple 24 20 0 0 10 5 18 3.5 3 5 20

GMR Taylor Cr. 32 30 4 1 13 4.5 17 4 6 1 17

Ohio River 25 20 25 16 0 0 0 0 0 0 0

Year 4 Subtotal 81 70 29 17 23 9.5 35 7.5 9 6 37

Subtotal All  Years 324 277 90 54.5 75 41.5 184 46 110 55 151

10% Contingency 32.4 27.7 9 5.45 7.5 4.15 18.4 4.6 11 5.5 15.1

Grand Totals 356.4 304.7 99 59.95 82.5 45.65 202.4 50.6 121 60.5 166.1

Fish Crew Days

Fish Crew Weeks

156.2

31.24

Macroinvertebrates

MSDGC Monitoring & Bioassessment Plan Sites & Crew Day Estimate

Boat/Raft EF Wading Backpack

Fish Sites/Crew Days

May 17, 2011

Initial basis for determining 
project cost 



A Project Study Plan (PSP) is 
submitted annually to Ohio EPA 

per Credible Data Law. 
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Results 2011 

 
Mill Creek Watershed Action Plan 

July 18, 2012 
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 Pollution survey design – uses 
geometric allocation of 
sampling sites 

 Additional sites positioned in 
proximity to suspected 
sources of stress & 
contamination 

 Each site assigned a consistent 
site code (e.g., MC 71) 

 92 total sites 
 Each sampled for biological & 

water quality parameters 
 Employed 3 crews over the 

June-October index period 
 Followed Ohio EPA methods to 

ensure data consistency and 
use of results per OCDL 
 

Mill Creek Survey 
Design 



“Good” 
Habitat 

“Fair” 
Habitat 

“Poor” 
Habitat 

“Artificial” 
Habitat 



Three Principal Objectives of 
Systematic Bioassessment 

• Determine if use designations are 
appropriate and attainable 

• Determine condition and status of the 
resource (including causal associations) 

• Are changes taking place over time and 
what do they mean? 



Step 1: Evaluate if current uses 
are appropriate & attainable 
consistent with Ohio WQS. 



Step 2: Assess aquatic life & 
recreational status at each site. 
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Step 3: Assess changes over 
time. 
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Mill Creek Macroinvertebrate Assemblage 2011
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Macroinvertebrates have 
responded “better” than fish, 

which is not unusual. 
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DELT anomalies on fish are 
reduced from historic levels that 

suggested toxic impacts. 



Associated chemical, habitat, 
and source data is also analyzed 

using regional reference and 
biocriteria derived thresholds. 
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Aug. 2-4, 2011July19-21, 2011

WWH Min WWH 24-hr Ave MWH Min MWH 24-hr Ave

Continuous data is becoming more 
vital to detecting and understand 

complex interactions between 
water quality & habitat. 



Look at more than water column 
chemistry – sediment data is 
perhaps more informative. 



Mill Creek Associated Causes (Aquatic Life) 

Mill Creek/E. Fk. Mainstem W. Fork/Tributaries Cause 

Sedimentation 17 40 

Nutrients 13 20 

Chlorides 11 10 

Habitat Alteration 10 7 

Low D.O. 4 5 

Ammonia 4 1 

PAH Compounds 3 5 

Low flow 2 3 

Organic Enrichment 1 1 

N  = 78 sites; excludes 16 PHWH sites 

Explain the observed impairments – 
undiagnosed biological impairments 

lead to “TMDL purgatory”. 



 Majority of sites failed to 
attain aquatic life & 
recreational uses 

 A segment of Mill Creek 
attained the MWH use – 
improvement from prior years 
of Ohio EPA results (1992-
2004) 

 3 primary headwater sites 
attained class III indicating a 
high quality headwater stream 

 We viewed results beyond 
“pass/fail” status – what is the 
trajectory of key indicators? 

 Especially critical to know in 
watersheds with legacy 
impacts 

Mill Creek Results 

Visualize the results on a watershed 
scale – makes results more 
consumable by stakeholders. 

http://www.msdgc.org/initiatives/water_quality/aboutwebmap.html 



Chemical – excess nutrients 
from urban runoff and CSOs 

Physical – extensively modified 
stream habitat 

Biological – nuisance algal 
growth 

Energy cycling – short nutrient 
spirals 

Treating these independently 
will not solve the problem. 
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Where we 
want to be 

by 20?? 
Predicting the future?. 

Why not?  It’s what stakeholders 
want, but the data and tools to 
support it have to be available. 



 Followed overall 
bioassessment plan 

 Fish, Macro-invertebrates, 
& Habitat 

 Water quality – water & 
sediment chemistry 

 Bacteria (E. coli) 
 Mid-June to late October 

index period 
 Assess aquatic life & 

recreational status 
 Recommend any use 

changes 
 Delineate associated 

causes & sources of 
impairments 

Little Miami R. 
Biological & WQ 
Assessment 2012 
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Little Miami R.



71.8 MGD 

39.7 MGD 
Is 100+ MGD of sewage treated to 
“typical” levels too much for EWH 

“maintenance”? 

Or is it other sources acting in concert?  
The patterns in biological response and 

chemical signatures suggest that this may 
well be the case.  
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These results recognize that solving 
impairments needs to consider the 
interaction of different chemical & 

physical stressors 

The challenge will be in determining 
how existing and planned abatement 
actions can enhance the quality of 
MSDGC service area streams – the 
IPS analysis is intended to address 

this issue. 



Presented by: 
Midwest Biodiversity Institute 

P.O. Box 21561 
Columbus, OH 43221-0561 



The IPS study area is necessarily 
regional in scope and focuses on in 
common subregions at Huc 12 scale. 

Sufficient and comparable data has 
to be available – fortunately we 

have 30+ years of consistent data 
from Ohio EPA. 
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Table 1. Hypothetical table summarizing weight of evidence lines and the strength of evidence for each stressors 
      Fish Assemblage Data Macroinvertebrate Assemblage Data 

Site ID 

River Cause Species Metric Index 
CART 

Results 
WQ 

Criteria 
Scale 

Impact SEM Species Metric Index 
CART 

Results 
WQ 

Criteria 
Scale 

Impact SEM 

MC01 Mill Creek Habitat 
● ● ◐ ● ● ● ● ◐ ◐ ◐ ◐ ◐ ◐ ◐ 

    Chlorides 
● ◐ ◐ ◐ ● ○ ◐ ● ● ● ● ● ◐ ◐ 

                                  

Key: 
● - Strong Evidence ◐ - Moderate Evidence ○ - Little Evidence             

Refined and Stronger Links to 
Responsible Stressors 

The IPS technical approach employs 
a stepwise battery of analyses to 

determine the most relevant 
relationships that determine 
attainment and attainability. 

Drainage Area

Riffle
Riparian

TKN

% Urban 1000m Forest Buffer

.87

MIBI

ey

Physical

.43

e1

.65

.12

e2

.35

.18

e3

.42

.00

e4

Land

Use

.34

e6

.58

.37

e7

-.61

.79
-.39

-.32

.54

-.54

-.19

.54

.61

FIBI

ey

.00

Substrate

e2

.55

Ammonia

e3

.00

% Urban

e5

.00

% Forest

e6

-.53

-.17

-.13

.12

-.37
-.46

-.36

.00

Drainage Area

e1

.22

-.31

.19

.39

-.18

Mean MIBI =30.5

SD=12.36

N=105

Mean MIBI=25.4

SD=9.13

N=71

Streams < 28 mi2 in drainage area

Mean MIBI=41.2

SD=11.47

N=34

Mean MIBI=29.4

SD=9.60

N=8

Mean MIBI=44.8

SD=9.50

N=26

Mean MIBI=42.0

SD=7.13

N=21

Mean MIBI=56.3

SD=10.23

N=5

Mean MIBI=21.9

SD=7.06

N=48

Mean MIBI=32.6

SD=8.81

N=23

Mean MIBI=24.4

SD=7.12

N=8

Mean MIBI=37.0

SD=6.14

N=15

Streams > 28 mi2 in drainage area

Smaller streams with TDS <445
Larger streams with 

poor habitat

Larger streams with 

good habitat
Smaller streams with TDS >445

Smaller, less salty streams with 

road density<60.3 mi/drainage area

Smaller, less salty streams with 

road density>60.3 mi/drainage area
Larger streams with better habitat and 

ammonia concentrations < 0.14 mg/l
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One dimensional 
Stress:response 

Regression Tree 
(CART) 

Structural Equation 
Modeling (SEM) 

The goal is to identify the most 
critical stressors related to 

attainment of WQS and develop 
abatement actions. 


