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Introduction 
The Aquatic Biota Stressor and Best Management Practice (BMP) Selection Guide (Guide) was developed 
to provide an easy-to-use reference table for linking the common stressors to aquatic biota with best 
management practices (BMPs) that can positively affect them. It was created for use by natural resource 
agencies, watershed project managers, local units of government, and landowners who are working to 
improve the biological health of aquatic systems. 

The Guide was intended for use following the completion of the stressor identification process (USEPA, 
2000) although it can be used without this level of rigorous assessment. It is designed to provide BMP 
selection that specifically targets the stressor(s) to aquatic biota of a stream system under study. The 
selection of BMPs for implementation on a specific parcel should take into consideration a host of site 
specific factors, work in conjunction with how the land is operated and will need to meet landowner 
approval. The comprehensive list of BMP alternatives for addressing stressors can expand the options 
from which to choose and allow the resource manager and landowner to select the best alternatives for 
a given situation. BMPs must be properly located, designed, implemented/constructed and maintained 
in order to be effective. 

The Minnesota Pollution Control Agency (MPCA) began implementing the EPA aquatic biota stressor 
identification process (EPA, 2000) in 2007 in response to bio-monitoring studies that were finding 
impairments to aquatic life use in Minnesota (MN) streams. The work resulted in the development of 
stressor identification (SID) reports that document the science behind the determination of stressors on 
bio-impaired stream reaches. The SID reports are written for local resource managers so that they can 
prioritize protection and restoration work and apply for implementation grant funding. 

Traditional TMDL projects/studies for chemical pollutants have developed their own set of practices and 
treatments that are used for bringing impaired waters into compliance with state water quality 
standards. An effort by the author to locate a guidance tool for targeting BMPs for the remediation of 
stressors acting on stream biology was unsuccessful. Follow-up discussion with Dr. Susan Norton, (EPA) 
revealed that although there had been discussion by some states regarding the development of such a 
chart, no one to the knowledge of EPA had developed a comprehensive tool for connecting the BMPs 
used to mitigate or treat aquatic biota stressors. Dr. Norton encouraged the author take on developing 
such a chart and thus began the start of the process to develop the Aquatic Biota Stressor and BMP 
Selection Guide. 

The development of the Guide began with reviewing various BMP manuals and recording the 
information regarding practice effectiveness at addressing stressors. A table was created to record this 
information connecting the BMPs with the stressors they are known to impact. BMPs for the land use 
categories of agriculture, urban, forest and riverine were selected for inclusion in the chart as they 
generally include the most anthropogenicly altered land use categories that affect our stream resources. 

There are many papers and guidance documents that discuss the subject of using BMPs for addressing 
various environmental concerns. Although a literature search was conducted, it was not exhaustive, and 
focused simply on gathering the necessary information, from credible sources, to build a useful 
relationship guide that link stressors with BMPs.  

The literature used in the development of this guide is generally based on work done in Minnesota and 
the Midwest. Although the BMP stressor relationships indicated in the table should be applicable 
nationwide, there may be manuals specific to states or regions of the country that may better serve a 
project in that specific region. In addition, there may be stressors and BMPs unique to a specific area 
that are not listed within this Guide or BMPs that have been developed for specific soils or climate that 
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differ from the Midwest. As previously indicated, the literature used to complete this chart was deemed 
sufficient for the purpose of showing the stressor / BMP linkages although a comprehensive literature 
search was not undertaken.  

Most of the literature sources used in this guide ranked the ability of the BMPs for how well they acted 
upon a stressor. In almost all cases, that ranking was carried through to the table without edit. There 
were some situations, during the compilation of this information that required best professional 
judgment in determining the strength of a BMP in addressing a particular stressor. This occurred, in part, 
due to differences in the ranking systems used in the various papers referenced, and the need to adjust 
a rank in order to normalize the ranking when two different sources were cited for a single point in the 
chart that had different ranks. There were also a couple of instances where the ranking appeared to be 
suspect or biased, when best professional judgement was used to adjust the BMP rank.  

These few minor edits are not considered an issue because they will have little to no effect on the 
practical use of this chart. Variability in locations throughout the United States in terms of hydrology, 
soils, watershed characteristics, biotic response to stressors and landuse intensity will all play into the 
usefulness of specific BMPs regardless of the rankings presented within this chart. Put another way, the 
rankings are presented as a guide, and those utilizing this tool will have much more to do with choosing 
the correct BMPs for a specific application then whether they are ranked high or moderate in their 
ability to effect change in a stressor on the biota. The purpose of this tool is to present the information 
in an organized fashion and then get out of the way of the local implementer who can use his/her 
experience and knowledge to create the most effective treatments, in the right locations for effecting 
the greatest benefit for a given implementation budget. 

Using the Guide 
The BMPs listed within this Guide are first organized by land use type (i.e., Agricultural, Riverine, Urban 
and Forestry), and then by treatment group (e.g., source controls, filtration, settling, nutrient removal, 
etc.). Each BMP is listed (alphabetically) under the treatment group heading that best characterizes the 
BMP. The names of the BMPs used in the guide are the names that are used in the United States 
Department of Agriculture (USDA) - Natural Resources Conservation Service (NRCS) Field Office 
Technical Guide. The NRCS Practice Code numbers, for those BMPs that are found in the Field Office 
Technical Guide, follow the BMP name in the Guide. 

Use of the chart involves picking a stressor from the top of the table and scrolling down the column into 
the land use type(s) (in the far left column) that apply to the stream reach under study. To find the BMPs 
within a landuse group that can affect a stressor, one should look for a colored dot in the stressor 
column and then locate the BMP in the row under column C. Cells within the table are color coded to 
indicate the relationship that has been identified between the BMP (in the row) and the stressor (in the 
column). Cells that are marked with a blue or yellow dot indicate that there is documentation in the 
literature that the BMP can have a positive effect on the stressor. A green dot indicates that there is a 
strong likelihood that the BMP will have a positive effect on the stressor. A red dot in a cell indicates 
that the BMP could aggravate the stressor. The colored dots specifically indicate the following:  

(l) Well documented in literature. High confidence that proper implementation of BMP will ameliorate 
the stressor. The stressor is a primary target of the BMP.   
(l) Some study in literature. Moderate confidence that proper implementation of BMP will ameliorate 
the stressor. The stressor is a secondary or ancillary target of the BMP.  
(l) Not identified in literature that was reviewed, however it is reasonable to assume that the BMP will 
have a positive effect on the stressor. The BMP theoretically has the potential for reducing the stressor. 
(l) BMP has potential to aggravate the stressor.  
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The numbers behind the blue and yellow dots in the Guide are literature reference numbers. Refer to 
the Literature Cited section to reference the literature used to support the information in the table. The 
Literature Cited, Credits sheet also contains the names of individuals on the Technical Teams who 
helped to develop and review the content within specific land use categories.  

Improved BMP effectiveness 
Limited budgets and long lists of impaired waters that require protection and restoration is the reality 
that resource managers face in Minnesota and likely elsewhere. The need to demonstrate project 
effectiveness to both funding sources and local stakeholders has increased along with the competition 
for funding. As resource professionals we have a responsibility to get the greatest environmental benefit 
for the public dollars we are entrusted with and this tool can play a part in making that happen. 

Two important factors play into BMP effectiveness that should be considered when designing 
implementation projects. The primary purpose of the Aquatic Biota Stressor and BMP Selection Guide is 
to specifically select BMPs that will most effectively mitigate stressors on the biology. Those stressors 
can be identified through both a general assessment of the watershed with assumed stressors or they 
can be identified through the more rigorous and formal SID process (EPA 2000). Figure 1 provides a 
conceptual table where these two methods are compared against using traditional BMPs (BMPs most 
commonly used by local Implementers) vs. using this guide to select BMPs specific to the stressors acting 
on the biology of the stream system under study. Realistic expectations are presented that show that 
the dollars invested in understanding the stressors play an important role in overall project success 
measured in environmental results (i.e. if you don’t understand the problem it’s difficult to resolve it). In 
addition, choosing BMPs that will specifically address the stressors identified will have a greater impact 
on those stressors verses choosing the standard suite of water quality BMPs commonly used in the area 
of project.  

Rigor /Detail in BMP 
Selection - Precision of 
Goal 

Simple SID Assessment 
or Assumptions Detailed SID Study 

BMP Effectiveness at 
Addressing Aquatic Biota 
Stressors 

General BMP Practice 
Selection Poor Poor to Fair Poor to Fair 

Stressor Targeted BMP 
Practice Selection Fair to Good Good to Excellent Fair to Excellent 

Cost of SID Study Low to Moderate Moderate to High -------  

Figure 1. Realistic expectations of biological stressor reductions (environmental results) from watershed project 
design decisions. 

 
When considering the cost to complete a detailed SID study one should take into consideration that the 
upfront expense for this work likely has long-term benefits to the project and stream system under 
study. Effectively protecting and restoring water resources is often an iterative process that is often 
measured in decades not years. Land use impacts to our waters typically occurred over an extended 
period of time and addressing those impacts and restoring health to our aquatic resources often 
requires a well-targeted effort and persistence over time. Conducting a SID study to accurately identify 
the stressors on the biology can be considered a pre-requisite to implementation if the goal is to 
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accurately focus on the cause of the biological impairments and restore biological integrity. Selecting 
BMPs that specifically target those stressors will fine tune the implementation strategy so that funds go 
toward treating the stressors having the greatest impact on the biology. 

Figure 2 presents the concept that it is through the proper targeting of BMP location in combination 
with targeted BMP practice selection that will help to assure the highest net environmental gain for the 
dollar spent. This chart uses the same “Rigor in BMP Selection” column used in Figure 1 but adds the 
“BMP Location Selection” variable. The broadcast or shot gunned BMP approach (a.k.a. random acts of 
conservation) is compared to targeted BMP location. The targeted BMP location approach involves both 
selecting specific streams that are priority for protection or restoration and then focusing on the proper 
minor sub watersheds for BMP implementation. The cost effectiveness of the options are presented to 
give the reader perspective and help make the point that it is through specific targeting that our projects 
will effect change. 

Rigor in BMP Selection Broadcast or Random 
BMP       Location 

Targeted BMP      
Location Selection 

Net Environmental Gain 
/ $ Spent 

General BMP Practice 
Selection Poor Fair to Good Low to Moderate 

Targeted BMP Practice 
Selection Poor to Fair Good to Excellent Moderate to High 

BMP Effectiveness Poor to Fair Fair to Excellent ------- 

Figure 2. Impact of BMP targeting (both practice and location) on stressor reduction or environmental 
effectiveness. 

A final word regarding the use of BMPs and setting realistic expectations; environmental scientists and 
watershed managers face some serious challenges in protecting and restoring water resources. There 
are several relatively new threats to water quality that must be considered when setting realistic 
expectations for project success. Climate change and the resulting increase in large storm events (> 3” 
downpours) and increased storm intensity are sending higher pollutant loads into our lakes and streams. 
This along with tile drainage has increased stream flashiness with higher peak flows and an increased 
rate of stream channel erosion. The improved drainage efficiency in our urban and agricultural 
watersheds has resulted in prolonged low flow and no-flow conditions in some of our watersheds that 
has lead to dissolved oxygen issues and substantial habitat loss. The loss of sensitive set-a-side acres 
(notably CRP land) serves another blow to our surface water resources. As we face these challenges in 
our watersheds we must bring the best science to the table if we expect to hold ground - let alone make 
measureable improvement to our stream biology and chemistry. 

BMPs can be implemented as stand-alone practices or in series in what is termed "treatment trains." A 
treatment train approach utilizes a sequence of BMPs that treat pollutants often starting with pollution 
prevention, then source controls followed by treatments such as filters, settling, and infiltration. 
Utilizing this approach can result in higher rates of pollutant reduction and a more sustainable, lower 
maintenance set of BMPs. This guide is organized so that the pollution prevention/source control BMPs 
are listed at the top and the more advanced or follow-up BMPs in the treatment train approach follow in 
each of the land use categories.   

The use of treatment train method of building BMPs into the landscape is encouraged due to the 
benefits this approach provides. The concept involves using a set of practices in combination to treat the 
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stressor. An example of using this approach would be a situation where sediment is the stressor and it is 
determined that it is coming from upland agricultural sources. The sediment is filling in (embedding) 
coarse gravel substrate and causing poor diversity and IBI scores in the fish community. A treatment 
train approach could involve an increase in the use of conservation tillage (no till or reduced tillage) in 
the sub watershed. In addition, cover crops (conservation cover) could be used where possible on fields 
that are most susceptible to erosion. These BMPs are both found under the Pollution Prevention - 
Source Controls treatment group under the Agricultural Land Use and are used to reduce the loss of 
soil/sediment at the source. Grassed waterways (found under the Filtration treatment group) would be 
a tactic to capture the sediment that makes it way to the field edge. Sediment basins (found under the 
Settling treatment group) could be used to reduce the sediment levels that make it into the ditch 
systems serving the fields.  

It is the combination of methods in different treatment groups that increase the level of pollutant 
reduction and protection of the resource. Any one of the practices used would be helpful but by 
combining several methods the pollutant reduction is increased and the longevity of the practices 
(especially the downstream grassed waterways and sediment basins) is improved and the required 
maintenance of these practices reduced as less sediment reach these practices with adequate source 
controls. 

Summary 
The Aquatic Biota Stressor and BMP Selection Guide fills a void that existed in having an easy to use 
reference table for selecting BMPs for reducing the impact of stressors affecting aquatic biota. The 
Guide can assist those working on watershed projects with an initial assessment of protection and 
restoration options that are available, and their relative effectiveness for improving the health of 
biologically impaired systems. The most environmentally effective watershed implementation projects 
will target both practice selection and practice location at specific stressors. Once a suite of options are 
selected to address a stressor, there are many manuals available that present detailed information 
regarding BMP design, siting, proper installation and maintenance.     
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