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Presenter
Presentation Notes
Welcome everyone to the webinar on “Assessing nutrient eutrophication using fish, invertebrate, and algal indices in the Cornbelt and Northern Great Plains and Mostly Glaciated Dairy Region Ecoregions (MRB3)”. Jeff Frey and Julie Berkman are the lead scientists on this project but Amanda Bell and Moon Kim are also contributors.





NAWQA Program

Presenter
Presentation Notes
As part of the national NAWQA design the U.S. has been broken into major river basins to facilitate regional analyses. This study focuses on MRB3 which encompasses all or parts of the states shown in green. Most of MRB3 overlaps with USEPA Ecoregion V which includes MN, WI, MI, IL, IN, and WI.





Why is this topic important?

1) 1) Major issueMajor issue
-- Nutrient enrichment Nutrient enrichment –– a leading a leading 
cause of streams being listed on cause of streams being listed on 
the 303(d) listthe 303(d) list

2) 2) Pertinent and timelyPertinent and timely
-- Nutrient Criteria must be Nutrient Criteria must be 
developed by  States by 2007developed by  States by 2007-- 0909
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Presentation Notes
Why is this topic important?

Nutrient enrichment is a major issue and a leading cause of streams being listed on 303(d) and 305(b) lists as part of the Clean Water Act. It is also a pertinent and timely issue as States are in the process of setting Nutrient Criteria to protect the health of streams from eutrophication. The USEPA is expecting States to start the rulemaking process for Criteria development within 2007-09.



Nutrient Criteria: 
Waterbody Types and Ecoregions

• Waterbody Types
– Rivers and Streams
– Lakes, Reservoirs
– Wetlands
– Estuaries

• Nutrient Ecoregions
– Multiple Omernik 

Level III Ecoregions

Presenter
Presentation Notes
I am sure most of you are aware of the development of Nutrient Criteria requirement but let me give a brief overview first. The USEPA has determined Nutrient Criteria for four waterbody types including rivers and streams, lakes and reservoirs, wetlands, and estuaries. We will be focusing on the river and streams for this study. All of these Criteria have been set for Nutrient Ecoregions, which are multiple Omernik Level III Ecoregions, or more specifically areas that have similar geology, soils, land use, and biological communities.



USEPA Requirements for States
Numerical criteria

• Causal variables
–TP
–TN

• Response variables
–Algal biomass: Chl a
–Transparency: turbidity

Presenter
Presentation Notes
More specifically, the USEPA set numerical criteria for two causal variables: TN and TP, and two response variables: a measure of algal biomass (periphyton and seston chlorophyll a) and a measure of transparency (turbidity). Increases in the nutrients were expected to show a positive response in the algal biomass and a negative response in the transparency.



Options for States/auth. Tribes
– develop State/Tribal nutrient criteria that 

reflect localized conditions and protect 
designated uses
• frequency distribution approach
• effects threshold approach

– adopt EPA’s regional 304(a) criteria in the 
absence of any better data

– develop criteria protective of designated uses 
using other scientifically defensible methods

Presenter
Presentation Notes
States and Tribes have several options when developing their Nutrient Criteria as long as it protects designated uses. They can use a frequency distribution approach as the USEPA did when setting the Criteria except using new data collected since 2000. States could also use an effects threshold approach and I will discuss more about each of these approaches. Third, they could adopt the USEPA Nutrient Criteria in absence of any better data. Very few States have decided to use this third approach using the Criteria proposed by the USEPA. Finally, they could use other methods that were scientifically defensible.
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Presentation Notes
Let me talk more about the Frequency Distribution and the Effects Threshold Approaches. The Frequency Distribution approach uses existing data collected from either reference sites or from all sites. For the reference sites, the 75th percentile for each variable. For the sites that use all data the 25th percentile would be set for each variable. Nutrient Criteria would be then used somewhere between these two points to sufficiently protect stream health. To address seasonal changes in nutrient concentrations, when the USEPA set Nutrient Criteria for each ecoregion they took the median 25th or 75th percentile value from each stream by season.
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Seasonal Nutrients Changes Make Them 
Difficult for Use as Sole Nutrient Criteria

Sugar Creek at New Palestine, IN, 2003

Presenter
Presentation Notes
Seasonal changes in nutrient concentrations make them difficult to use as a sole Nutrient Criteria. As you can see from this example from Sugar Creek, a heavily agricultural basin in Indiana, the highest concentrations are found in the spring runoff after application of fertilizer, and also in the winter months when there is less uptake from plants. In many parts of MRB3 area during the August-October periods concentrations of dissolved nutrients such as nitrate seen here or orthophosphate tend to decrease to detection levels due to increased algal uptake, and decreased loading of nutrients into streams in part because evapotranspiration. If samples collected are biased toward the summer and fall periods then nutrients could be underestimated at sites. Additionally in many states there is not a good seasonal coverage for nutrients in their monitoring programs.



Chlorophyll a:Total Nitrogen Criteria
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Periphyton Seston

Presenter
Presentation Notes
The USEPA proposed Nutrient Criteria were designated for two causal variables: TN and TP and two response variables chlorophyll a (periphyton and seston) and turbidity. The thought was that with higher nutrients there would be higher algal biomass and conversely with lower nutrients, lower algal biomass. Several studies including by Biggs, Dodds have found strong relations with nutrients and chlorophyll a. However, in studies done in much of MRB3 by the NAWQA Nutrient Enrichment Effects study and by studies done by the States in Indiana, Ohio, Illinois there have been little to no significant correlations with nutrients and chlorophyll a. In this example of total nitrogen and chlorophyll a for periphyton on the left and seston on the right the data has been divided into CHLa values when TN exceeds the proposed TN nutrient criteria and when it does not. What you would expect if there was a strong relation between TN and CHLa would be two distinct boxplots with higher CHLa associated with higher TN. However, you can see that for both periphyton and seston the data are similar.



Confounding Nutrient:CHL a Effects

Presenter
Presentation Notes
There are several reasons for this lack of relations between nutrients and CHLa. This diagram was borrowed from Mark Munn, the head of the NAWQA NEET study. It nicely shows the different factors affecting nutrients and CHLa relations. In this plot nutrient concentrations are increasing along the X axis and CHLa concentrations are increasing up the Y axis. If all the data were plotted in this manner different factors would be controlling the nutrient and CHLa concentrations within each quadrant. In the lower left quadrant there are low nutrients and low CHLa, the lack of nutrients are limiting algal growth. In the upper left quadrant, there are low nutrients  but high CHLa concentrations, here algae are controlling the nutrients through uptake. In the lower right quadrant with high nutrients but low CHLa physical processes control the concentrations such as scouring from storm stream flow, grazing, light attenuation from shading or turbidity. Finally, the upper right quadrant has high nutrients and CHLa and these concentrations are controlled by continuous nutrient inputs that allows for the high nutrients and CHLa. All these different factors affect the nutrient:CHLa relations and graphically shows why we are not finding strong correlations.
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Effects Threshold Approach
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Presentation Notes
Given the lack of relations between nutrients and algal biomass (CHLa) and the seasonality of nutrient concentrations another possible approach is to look at the Effects Threshold Approach. With this approach the threshold or breakpoint is assessed by looking at changes in the biological community attributes or metrics. In this approach, nutrients are plotted increasing along the X axis and an ecological attribute such as percentage of omnivores or algivores is plotted increasing along the Y axis. The breakpoint is the point where a change is seen in the biological community for example in the black as nutrients increase little change is seen with the ecological attribute until a certain concentration and then the attribute decreases. The threshold or breakpoint would be at this point.



Why should NAWQA address 
this topic?

1) NAWQA has one of few data sets 1) NAWQA has one of few data sets 
with water chemistry, habitat, and with water chemistry, habitat, and 
fish,  invertebrate, algal community fish,  invertebrate, algal community 
datadata

2) Provides needed links between 2) Provides needed links between 
nutrients and biological nutrients and biological 
communities on regional scalecommunities on regional scale
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Presentation Notes
Why should NAWA address this topic?

It has one of the few data sets nationally with water chemistry, habitat, and fish, invertebrate, and algal community data.

Because of NAWQA national design it  allows needed regional links between nutrients and biological communities.



Why should NAWQA address 
this topic?    (cont.)

3) Some States feel their ecological 
sampling design using fish and 
invertebrates metrics/indices 
effectively measures impairment, 
however, fish and invertebrates 
cannot always distinguish specific 
stressors (Miltner and Rankin, 1998)

Presenter
Presentation Notes
To follow up on the first point, another reason is that many States effectively use fish and invertebrate indices to measure impairment. Fish and invertebrates cannot distinguish what stressors are causing the impairment.



Can Metrics/Indices Measure 
Human Disturbances

From USEPA, 2006

Presenter
Presentation Notes
Can biological metrics measure human disturbances? Many State and regional metrics have been developed and successfully used. A 2006 USEPA study in New England found that fish, invertebrate, and diatom metrics/indices successfully distinguished between  reference sites and human impacts including nutrients.



Can Algal Metrics/Indices Measure 
Nutrient Effects

58 Ecology Trends Sites

Presenter
Presentation Notes
Can algal metrics be used to distinguish between reference and impacted sites? Here is an example from a NAWQA workgroup that assessed whether to continue collecting algae as part of the NAWQA status and trends data collection.

Several algal metrics worked well in distinguishing between reference and impacted sites.

Here, the percent eutrophic diatoms and eutrophic algae metrics were much lower at reference sites than at impacted sites.



Case Study 1: Clear Creek, Texas

Clear Creek

Reference site

Presenter
Presentation Notes
To further illustrate how algal and other biological community metrics can help distinguish differences in water quality I will show another case study from the NAWQA Algal Committee. Clear Creek is a reference site in Texas (295 mi2).



Nutrient Concentrations in Clear Creek

• No trends:
– NO3

– Total N
– SRP
– Total P

Case Study - Clear Creek, Texas

NO3

Presenter
Presentation Notes
Clear Creek is a reference site, low nutrients as can be seen by the nitrate concentrations in the plot.

There was no trend in nitrate, TN, SRP, or TP concentrations over time according to MRB report.

There is a significant decreasing trend in ammonia over time.





Invertebrate metrics 
suggest a decline in water quality

Case Study - Clear Creek, Texas

EPT Taxa Invertebrate Scrapers

Presenter
Presentation Notes
EPT Ephemoptera (mayflies), Plecoptera (stoneflies), and Tricoptera (Caddisflies)

Invertebrates show a decline in water quality over time based upon EPT abundance and increasing percentage of invertebrate scrapers.

Decrease in EPT taxa indicates a decline in water quality but not the cause or stressor affecting the stream. 

Scrapers are inverts that eat algae and suggest that increased algae is increasing.



Fish Data 
suggest increasing productivity

Case Study - Clear Creek, Texas
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Presentation Notes
Fish community characteristics show increasing trend with number of fish species and decreasing trend in carnivorous fish over time.

Ecologically, this makes sense, in oligotrophic systems an increase in nutrients often leads to increased diversity.

Additionally, it has been shown as streams become more nutrient enriched, there are decreases in carnivores, insectivores and increases in generalists, omnivores.

Is the stream becoming more enriched?

Nutrients say no. 

Fish and inverts possibly show enrichment. Without algae this is as far as we could take it.

What can algae show us.



Clear Creek near Sanger, TX
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Case Study - Clear Creek, Texas

Algal Biomass

Chlorophyll a shows higher productivity

Presenter
Presentation Notes
The chlorophyll data shows an increasing trend in chlorophyll a (doubled to quadrupled) over time.

No trends in nutrients were found because the nutrients are being taken up by the algae.



Increase in eutrophic diatoms 
supports increased nutrients

Case Study - Clear Creek, Texas

Eutrophic Algal Species

Presenter
Presentation Notes
Algal community data support the increased biomass trend as well.

The percentage of eutrophic species has increased over time. 



Which Biological Communities 
Best Reflect Nutrient Impacts? 

From USEPA, 2006

Presenter
Presentation Notes
Which biological communities best reflect nutrient impacts? The 2006 USEPA study found fish and invertebrates did better for certain stressors such as acidic deposition, sedimentation, or acid mine drainage. Algae did a better job with nutrients.



Objective

Which fish, invertebrate, and Which fish, invertebrate, and 
periphyton diatom metrics best periphyton diatom metrics best 
reflect the effects of excess reflect the effects of excess 
nutrients in the Cornbelt and nutrients in the Cornbelt and 
Northern Great Plains and Mostly Northern Great Plains and Mostly 
Glaciated Dairy Region Nutrient Glaciated Dairy Region Nutrient 
Ecoregions (MRB 3)?Ecoregions (MRB 3)?

Presenter
Presentation Notes
The main objective of this study is which fish, invertebrate, and periphyton diatom metrics best reflect the effects of excess nutrients in the Cornbelt and Northern Great Plains and Mostly Glaciated Dairy Region Nutrient Ecoregions?



Hypotheses
•• HH1:1: The fish, invertebrate, and The fish, invertebrate, and 

periphyton diatom metrics/indices will periphyton diatom metrics/indices will 
effectively differentiate between effectively differentiate between 
impaired and unimpaired sitesimpaired and unimpaired sites

•• HH22 :: The periphyton diatom metrics will The periphyton diatom metrics will 
indicate a stronger correspondence indicate a stronger correspondence 
with nutrients than fish or invertebrates with nutrients than fish or invertebrates 

Presenter
Presentation Notes
There are two main hypotheses of this objective. First, the fish, invertebrate, and periphyton diatom metrics/indices will effectively differentiate between unimpaired and impaired sites. Second, the periphyton diatom metrics will indicate a stronger correspondence with nutrients than fish or invertebrates.



Methods
• Building the database for analysis –

– Begin with all possible NAWQA sites
– Select those with nutrient, algal, 

invertebrate and fish data
– Separate sites by drainage basin size
– Headwater, Wadeable, and Boat streams
– Nutrient gradient (reference to impacted)



Potential MRB3 Sites

Methods – Basin size

Presenter
Presentation Notes
Our hope was that we would have enough reference and calibration sites within each of the distinct basin sizes to use all sites. However, as the next few slides show wadable sites have the best spatial coverage and number of reference sites. We may still be able to use boat sites as well.





Potential MRB3 Sites - Headwater 

Methods – Basin size

Presenter
Presentation Notes
There are 55 headwater sites however, most of them are located in Wisconsin and NW Illinois. Dale Robertson has a nice circular that covers this area already.







Potential MRB3 Sites - Wadable

Methods – Basin size

Presenter
Presentation Notes
Based on the spatial coverage and number of reference sites wadable sites provide the most usable data set.





Potential MRB3 Sites - Boat

Methods – Basin size

Presenter
Presentation Notes
Boat sites have good spatial coverage but the selection of reference sites will be difficult. The only true reference site is located in northern Wisconsin and may not be readily comparable to other sites.





Methods 
Determine reference sites

Total disturbance score: Based on sum of 0 (low) – 2 (high) level of 
disturbance in each of the following:

• URBAN: housing unit density, 2000, housing units/sq km
• URBAN: percent urban landcover, 1992
• URBAN: road density, 2000, km/sq km
• AG: all pesticides, 1997, kg/sq km
• AG: nitrogen from fertilizer and manure, 2002, kg/sq km
• AG: phosphorus from fertilizer and manure, 2002, kg/sq km
• FLOW: total dam storage, megaliters/sq km
• FLOW: percent streams "Canal/Ditch/Pipeline"
• FLOW: NPDES density, all point locations/100 sq km
• MINING: density of 2003 Mineral Operations locations/100 sq km
• MINING: percent mining/transitional landcover, 1992

Ecological National Synthesis

Presenter
Presentation Notes
To determine reference sites we incorporated work already done by the NAWQA Ecological National Synthesis.



Methods-regions within MRB3 
Five Diatom Ecoregions based on national-scale 

NAWQA dataset from 1340 sampling sites

Presenter
Presentation Notes
Additionally, because we are focusing on periphyton diatom metrics we have incorporated the stratification of Diatom Ecoregions from Marina Potapova and Donald F. Charles. Most sites fall within the Central and Western Plains (Cornbelt) areas and the Glaciated North so the stratification roughly follows the main Nutrient Ecoregions in MRB3 as well.



 Marina Potapova and Donald F. Charles. , 2007. Diatom metrics for monitoring eutrophication in rivers of the United States, Ecological Indicators 7 (2007) 48–70.





Western and Central Plains 
Diatom Ecoregion Calibration Sites

• 127 sites
• 11 Reference
• 92 Agricultural
• 18 Mixed land use
• 6 Urban

Auglaize River, Ohio

Presenter
Presentation Notes
Auglaize River Ag indicator of Maumee drains into Lake Erie



Glaciated North Diatom 
Ecoregions Calibration Sites

• 48 sites total
• 12 Reference
• 13 Agricultural
• 17 Mixed land use
• 6 Urban

Popple Creek, Wisconsin



Methods (cont.)
• Determine which nutrients have the 

strongest relations with the algal, 
invertebrate, and fish community metrics
– Seasonal (fall, spring)
– TN, TP, TN:TP ratios

Median Total Nitrogen to Total Phosphorus Ratio by Month
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Methods (cont.)
• Calculate metrics

Fish: OEPA, Goldstein and Meador, Simon
Inverts: IDAS. Cuffney
Algae: ADAS, Porter, Potopova, Bahls,…



Methods (cont.)
• Refinement of metrics

– metric screening following Spaulding’s Colorado model
– evaluate the use of  286 algal, 171 invertebrate, and 56 

fish metrics
– compare all metrics for separation 

• maximize difference between reference and impacted sites
– calculate signal (difference between sites) to noise 

(difference among sites) ratio
– remove metrics that are redundant (Spearman rho 

correlation matrix)



Methods (cont.)
• Cluster Analysis (CA) – to view how sites 

cluster together by regions, reference 
sites …

• Detrended Correspondence Analysis 
(DCA) - to explore the structure and relations 
of the biological assemblages

• Principle Components Analysis (PCA) – 
a multivariate analysis to explore which 
nutrient variables have the strongest relations 
with selected biological metrics



Methods (cont.)
• Summarize the best combination of 

biological metrics for evaluating 
nutrient impairment

• These metrics could be the focus for 
States when developing Nutrient 
Criteria 
–using threshold analysis
–Nutrient Index of Biotic Integrity



Timeline for report
2006 2007 2008

Task O N D J F M A M J J A S O N D J F M A M J J A S

Site selection

Reference site 
selection

Calculation of metrics

Refinement of metrics

Evaluation of metrics

Writing

Draft to colleague

To editor

To Region

Publication



W. Central & SE Plains Diatom 
Ecoregions Calibration Sites

• 130 sites
• 11 Reference sites
• 92 Agricultural sites
• 18 Mixed land use
• 6 Urban sites

Presenter
Presentation Notes
Auglaize River Ag indicator of Maumee drains into Lake Erie
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