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	“ Somebody has to do something, and it is just incredibly pathetic that it has to be us.” 
Jerry Garcia


About This Step – This step is designed to accomplish 3 things:
1. Understand the different types of parameters and indicators and how they relate to the sources of stress in your watershed

2. Consider the effects of scale and variability on your selection of parameters/indicators

3. Help you select the parameters and indicators you will monitor.

The focus of this step is to help you select the indicators you will monitor that will meet your purposes, the needs of your data user, and will be appropriate to your capabilities.

Because every characteristic of a watershed is related to many others, ideally, you would want to measure them all. Since that’s not practical, monitoring and assessment programs focus on the ones that yield the most information for the least effort. They are sometimes called “parameters” and sometimes called “indicators.” In much of the literature, these two terms are used interchangeably. In some, the term “indicator” is used as a calculated value that combines the results of measuring several characteristics into a single value. 

The Intergovernmental Task Force on Monitoring Water Quality (ITFM) defines "environmental indicator" as follows: "A measurable feature which singly or in combination provides managerially and scientifically useful evidence of environmental and ecosystem quality or reliable evidence of trends in quality." We’re going to try and be consistent:

Parameter: We’ll try to use this term to mean a single characteristic, like dissolved oxygen, turbidity, depth, etc. Further, we’ll tend to use this term mostly in connection with physical and chemical characteristics of the water column.

Indicator: We’ll try to use this term to refer to characteristics that are calculated (e.g., benthic macroinvertebrates, etc.) or used in combination such as % saturation of dissolved oxygen (calculated from the DO concentration and water temperature) and biological communities (e.g. benthic macroinvertebrates, fish).

Notice that we said we’ll try . . .

Why Do This Step
You can’t measure everything relevant to your monitoring question and watershed. Watersheds are complex systems of physical, chemical and biological characteristics. So, you need to focus on measuring those that will give you the most information for the least amount of time, effort, and money.  You also should know why you need each indicator you select, what purpose each indicator serves in achieving desired outcomes.  
Where are we in the Big Picture Illustration?
Phase 1
 
Step 1: Share Watershed Vision and Desired Outcomes (Results)

Step 2: Scope Inventory (Physical, People and Information)

Step 3: Identify Monitoring Reason(s) and Data Use(s) (Assessment Type)


Step 4: Develop Monitoring Questions (Refinement of Monitoring Reason)


Step 5: Target Decision Makers and Info Needs (Refinement of Data Use)



Step 6: Summarize with Information Blue Print-Data Pathway Fact Sheet)
Phase 2
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 Step 7: What Will You Monitor?


Step 8: When Will You Monitor?


Step 9: Where Will You Monitor?


Step 10: How Will You Monitor to Meet Data Quality Objectives? 


Step 11: Management of Raw Data (Data Management Plan Part 1)

Phase 3

Step 12: Data Summary and Analysis



Step 13: Interpretation, Conclusions and Recommendations


Step 14: Communicating and Delivery


 
Step 15: Management to Generate Info (Data Management Plan Part 2)
Phase 4

Step 16: Who Will Do What?  Task Identification


Step 17: Evaluation of Effectiveness (of Plan and Implementation)


Step 18: Documentation and Communication (of M & A Plan)

Product (see Figure Phase 2 Product List):
· A list of sources (stressors) and parameters that will be monitored to answer each monitoring question per Assessment Type (unique combination of one monitoring reason and one data use/user).
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What Should Be Done Before This Step

The information listed in the Final Information Blue Print-Data Pathway Fact Sheet, Worksheet 6.3.a in Step 6.  This information needs to be provided for every monitoring question per each Assessment Type.  The summary sheet should be completed as much as possible but is a starting point.  Worksheet 5.4.a and 5.4.a lists the information needed by targeted decision makers and associated data quality objectives.  You may also have found valuable information from the Scoping Inventory, especially Worksheet 2.9.a, Worksheet 2.11.a, Worksheet 2.12.a and Worksheet 2.13.a.

· Worksheet 6.3.a is the summary Information Blue Print – Data Pathway Fact Sheet for each monitoring question per Assessment Type, selection of Assessment Type was Worksheet 3.4.a.
· Worksheet 5.4.a and 5.4.b, information needed by targeted decision makers and associated data quality objectives

· Worksheet 2.9.a, Physical Attributes of target water bodies
· Worksheet 2.11.a, Impact Features of target water bodies.

· Worksheet 2.12.a Water body stressor Identification.

· Worksheet 2.13.a Water body Status and/or condition

The assessment type narrows down the parameters you need to consider. Further, tables later in this chapter will help you narrow the field even further. 

Steps 1 through 6, Phase 1, do not need to be completed per say, but the information that is a result of those steps are necessary to identify and define to design the monitoring components of what, when, where and how you will gather data. This information is also necessary to plan how the data will generate information, be managed, analyzed, interpreted, delivered to decision makers and evaluated. Information generated in Steps 1-6, Phase 2 are the foundation of every monitoring program. 
Thus, ideally you need to have identified a watershed vision and desired outcomes with associated assumptions and external factors. Defined combination of monitoring reasons and uses, we call Assessment types. For each assessment type a list of monitoring questions the data is to answer and how that question will be answered. For each monitoring question, a list of targeted decision makers, their decision, how they make that decision and what information they need to make the decision. Once you have this, you can summarize the results in any format, we suggests the information blueprint – data pathway fact sheet from Step 6, Worksheet 6.3.a. 

Basic Tasks 

Basic Tasks are numbered to correlate with the overall 1-18 Steps provided in these guidance modules followed by the basic task sequence step to complete. For example Step 4, basic task 2 would be numbered as Basic Task Step 4.2, Step 3.3 correlates to Step 3, Basic Task 3.

[image: image7.wmf] 7.1
Identify who will make the decisions about this step and who should be involved in the planning process (they may be different).
[image: image8.wmf]7.2
Self Assessment: If you’ve been monitoring before you’ve undertaken this process, have the parameters you’ve measured worked well? 
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Types and sources of stress or impairment in your watershed that you want

[image: image10.wmf]7.4 
Parameters/indicators and Scale. This will define a large part of the size of your effort. 

[image: image11.wmf] 7.5 
Reality Check of each monitoring question, data pathway, cost estimate and effort against organization mission and resources, adjust plans accordingly.
· Does the assessment type you chose meet your information needs? 

· Meet the needs of your targeted decision maker? 

· Do you have the capacity to carry it out?
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Update Inventory Master List and Plan.

[image: image13.wmf] 7.7
Update Information Blueprint – Data Pathway Fact Sheet for each monitoring question.
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Place Products in your Watershed Monitoring and Assessment Plan.
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Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheets

Work sheets are listed below. Not all Basic Tasks have an associated work sheet. To simplify completion of products for each step, the worksheets or broken into small subsets of tasks. This requires moving the results of one task into the next task and will seem redundant, especially if completing worksheets by hand. Worksheets are provided in word here for ease of reproducibility. These are a starting point; we encourage you to customize these and reproduced them in an electronic format, in Excel for example, where it is easy to move information from one area to another by cutting and pasting. 

Work Sheets are numbered to correlate with Basic Steps and the overall Steps in these guidance modules. Each consecutive work sheet is lettered a, b, c and so forth, preceded by the Basic Task sequence step, preceded by the Step number. For example, Worksheet Step 4.2.a and Step 4.2.b, correlates to Step 4, Basic Task 2, Worksheet a and Worksheet b. In theory worksheet a needs to be completed before worksheet b. 
Worksheet 7.2.a

Self Assessment Step 7 Worksheet and Products to be completed Prior to this Step, Part 1 and Part 2.  If you’ve been monitoring prior to using this planning process, you’ve got some experience with some of the parameters. In this worksheet, you will evaluate the use and effectiveness of your current parameters.
Worksheet 7.3.a
Sources of stress or impairment in your watershed. In this worksheet, the main idea is to recap the stressors that affect the quality of your watershed. If you’ve done the inventory in step 1, you may already have a good list. This worksheet will help refine it.
Worksheet 7.4.a
Parameters/indicators you will measure and the scale at which you will measure them.  Refer to the assessment type(s) you selected in Step 3 and recorded in Worksheet 3.4.a.  Refer to the Information needs developed for each selected decision maker in Worksheet 5.3.a and 5.4.a.  If you summarized all information for each monitoring question, you can use what you found from the Information Blue Print-Data Pathway Fact Sheet, Worksheet 6.3.a.
Worksheet 7.8.a
Place Products in your Watershed Monitoring and Assessment Plan.
Worksheet 7.9.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

How to do Worksheets

For Sheet 7.2.a  
Self Assessment Step 7 Worksheet and Products to be completed Prior to this Step.

Part 1. Complete the self assessment section of the worksheet to evaluate what you have or what decisions have already been made.  This will help you focus on what you need from this step and incorporate valuable existing information or products into this plan.

Part 2. Next, to prepare to complete this step the following, you need to have the following items addressed:  
· Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve

· Identified monitoring and assessment activities, specific combinations of a monitoring reason plus an associated data use; we call this an Assessment Type. You may have multiple Assessment Types.  

· For each Assessment Type, the list of specific monitoring questions the monitoring and assessment will be designed to answer.

· For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible).  

· A minimal scoping inventory that identifies the watershed boundary and water bodies you are focusing on (rivers, lakes or wetlands), physical attributes of water bodies (including status, uses, etc.), relevant cultural or historical aspects, existing data sets or monitoring efforts and others in the watershed who either you want to influence or could help you implement.
· Technical sample plan including what monitor (indicators, benchmarks, criteria, etc.), where and when monitor, how will meet data quality objectives (methods, how good does the data need to be for decision makers, quality assurance and control measures), and how will manage and verify raw data/information- AT THIS  POINT WHAT YOU KNOW, if you don’t know it, Phase 2 and 3 help you determine these items.

This is the ideal list, if you do not have any of these, they become a gap or need that should be addressed before any data is collected or analyzed, even if the answers aren’t perfect or you don’t have a large degree of confidence surrounding them, they should be attempted as the starting point.  This is what you are evaluating in this step-your monitoring and assessment plan.

Worksheet 7.2.a  
Self Assessment Step 7 Worksheet and Products to be completed Prior to this Step. Part 1.
Part 1 Self Assessment of Known Evaluation Products and Processes

1. Determine if you “have” or “don’t have” the item, mark the appropriate box.  If you don’t have it and determine you don’t need it, explain why in the comments document.  You may not need to know but perhaps your target decision makers, board or membership might want to know.
2. If you have the item “documented”, mark that box.  If so, list in the comments where, hard copy, chapter in a document, electronic file name and location, etc.  The assumption is you value the ultimate goal to document and communicate your M & A plan, activities and results.
3. If you have the item, assess the use of it, use the scale below or provide your own answer and comments.

Rating Scale for USE:


0=doesn’t exist so use is nil

1=don’t know why would need or understand item


2=exists, don’t know where it is, if it is used, etc. so use is essentially nil

3=exists and use some of time


4=exists and use all the time


5=wish it existed, would use it lots
4. If you have the item, assess the effectiveness of it, just because something exists or is used does not mean it is effective in its use, use the effectiveness scale below or provide your own answer and comments.
Rating Scale for EFFECTIVENESS, assumes material exists:


0=not effective or functional at all


1=incomplete (all elements are not there) and some existing parts need revising


2=incomplete but what is there is okay


3=complete (all elements are there), some parts okay but need revising


4=complete and effective

	Item
	Have
	Don’t Have
	DOC
	Assessment of Use

(Scale 0-5)


	Assessment of value / effectiveness

(Scale 0-4)
	Comments/Notes

	23. Written Technical/sample or monitoring Plans, includes overall monitoring goals-what, when, where, how
	
	
	
	
	
	

	24. Identification of what, indicators, parameters, benchmarks, etc.?
	
	
	
	
	
	

	Other?
	
	
	
	
	
	


*DOC=Documentation,  *M & A= Monitoring and Assessment

5. To make this assessment useful, determine what your gaps and needs are regarding this step in order to focus your effort in completing this step.  

Worksheet 7.2.a   
Self Assessment Step 7 Worksheet and Products to be completed Prior to this Step. Part 2.
Part 2 Products to be completed before this step, in order to complete this step, what know from Step 5 and Step 6, Worksheet 6.3.a.  If you don’t know, you will after this Step.
	Item
	Response

	Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve:
	

	Assessment Types, specific combination of one monitoring reason and data use(r):
	

	For each Assessment Type, the list of specific monitoring questions: 
	

	For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible):  
	

	Watershed(s) and Water bodies of focus:
	

	Physical attributes of Water bodies (status, use, etc.)
	

	Existing Data or monitoring efforts:
	

	Indicators, benchmarks and criteria list:
	

	List of monitoring locations/rationale:
	

	List of monitoring frequencies:
	

	Methods list, list of data quality objectives (methods, how good does the data need to be for decision makers), quality assurance and control measures)
	

	What you know now about decision makers data-to-information needs, analyses, interpretation and reporting
	


For Sheet 7.3.a
Sources of stress or impairment in your watershed. In this worksheet, the main idea is to recap the stressors that affect the quality of your watershed. If you’ve done the inventory in step 1, you may already have a good list. This worksheet will help refine it.

7.3.a  Example Stressors: Causes and Sources

	Watershed Stressors
	Sources (Stressors)

	
	Sew
	Tox
	Ero
	Nut
	Ani
	Urb
	Veg
	AMD

	Causes of Stress

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Key to sources of stress:

Sew = sewage
Tox = toxics 
Ani = animal manure 
Veg = streamside vegetation removal

Ero = erosion 
Nut = nutrients 
Urb = urban runoff 
AMD = abandoned mine drainage

In the left-hand column, list the stressors (the causes of stress). For example, sediment might be one of your list. In the other columns to the right, put a check or fill in the boxes under each of the known (or suspected) sources of sediment that you know are present.

Worksheet 7.4.a
Parameters/indicators you will measure and the scale at which you will measure them.  Refer to the assessment type(s) you selected in Step 3 and recorded in Worksheet 3.4.a, Worksheet 5.3.a and 5.4.a the information needs of the targeted decision makers, if you knew them.

For each assessment type, list the stressors and their associated parameters/indicators, and the scale at which you will monitor in Table 7.4.a.  Use the recommended list of parameters and indicators in the above assessment tables. Remember that the indicators listed for each assessment are a menu – you don’t have to monitor all of them! Your human and financial resources and expertise may limit the indicators you can monitor. Find out how much time, money, equipment and expertise are required to monitor each indicator.

You’ll need to consult with members of your technical committee, who are familiar with how these indicators are sampled and analyzed. You may want to revisit your selections after you have determined your data quality objectives and methods. Remember that selecting indicators is a logical process that considers your specific monitoring question and your capabilities. And, you have set up a technical committee to help you make these choices (right?!).

Worksheet 7.4.a  
Select and List Parameters

List the stressors you checked and the parameters and scale for each one.

	 Sources (stressors)
	Parameters
	Scale

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Things to consider when selecting indicators:

Scientific Considerations:

· Does it help answer your question?

· Can you observe or measure and quantify it?

· Does it respond to changes over a reasonable time period?

· Does it respond to the impacts you’re evaluating?

· Can you isolate the conditions that cause it to change?

· Does it integrate effects over time and space?

· Does it respond to changes in other indicators?

· Is it a true measure of an environmental condition?

· Is there a benchmark or reference condition against which to evaluate it?

· Does it provide early warning of changes?

Practical and Program Considerations:

· Do you have the human and financial resources to measure it?

· How difficult is it to monitor?

· Does it help you understand a major component of the ecosystem?

· Is it understandable/explainable to your target audience?

For Sheet 7.8.a
Place Products in your Watershed Monitoring and Assessment Plan.

· For each Assessment Type, combination of monitoring reason and data use, and associated list of monitoring questions, add all potential indicators that will answer your monitoring questions.  
Worksheet 7.8.a
Add products of Step to Watershed Monitoring and Assessment Plan.
If you completed any Steps this Worksheet is cumulative, use that document.  If you have not you complete that aspect that is highlighted for your plan documentation. *Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan.
I. People Design, Phase 1

A. Shared Watershed Vision and Desired Outcomes (Step 1) 

1. Logic Model of Desired Outcomes/Results and activities/target audiences to employ to achieve outcomes

B. Keepers of the M & A Plan (Step 1)

C. Watershed Boundary (Step 2)

D. Water bodies of Interest (Step 2)

E. Scope Inventory Master List* (Step 2)

1. Physical Inventory * (Step 2)

2. People Inventory* (Step 2)

3. Information Inventory* (Step 2)

a. Existing Monitoring Efforts (Step 2)  

b. Existing Data Sources (Step 2)

4. Inventory Action Plan* (Step 2)

F. Assessment Type(s) List – Monitoring Reason + Use (Step 3)

1. Monitoring Question(s)  (Step 4)

2. Targeted Decision Maker(s)  (Step 5)

a. Information Needs (Step 5)

3. Information Blue Print – Data Pathway Fact Sheet Per Monitoring Question* (Step 6)

II. Technical Design, Phase 2

A. [image: image16.png]


What (Indicators, Benchmarks, etc.) and why? (Step 7)

B. When and why? (Step 8)

C. Where and why? (Step 9)

D. W(how) will meet data quality objectives? (Step 10)

1. Data quality objectives (Step 5 and 10)

2. Quality Assurance and Control Measures (Quality Assurance and Control Plan)* (Step 10)

E. Data Management for Raw Data (Data Management Plan Part 1)* (Step 11)

III. Information Design, Phase 3

A. Data Summary and Analyses  (Step 12)

1. Starting Point (Step 12)

2. Changes (Later)

B. Data Interpretation, Conclusions, Recommendations

1. Starting Point (Step 13)

2. Changes (Later)

C. Communication and Delivery

1. Starting Point (Step 14)

2. Changes (Later)

D. Management Plans to Generate Information (Data Management Plan Part 2)* (Step 15)

IV. Evaluation Design, Phase 4

A. Who Will Do What?  (Step 16)

1. Task Identification Matrix (Step 16)

2. Communication Structure and Tools (Step 16)

B. Evaluation Plans (Step 17)

1. Evaluation Plans for M & A Components (Step 17)

2. Evaluation Plans for M & A Implementation (Step 17)

3. Evaluation of inter/intra M & A Activities (Step 17)

C. Documentation and Communication (Step 18)

1. M & A Plan (this document, updated Sub documents) (Step 18)

2. Communication and Peer Review Plan (Step 18)

3. Action Plan* (Step 17)

For Sheet 7.9a  
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).
Worksheet 7.9.a 
Final Action Plan Part 1, Summary:

If you have completed each Step, or for those you have, you have a cumulated list of gaps and needs related to that Step. Use that same worksheet/document.  If you did not complete each Step, look at what each Step is supposed to accomplish and record what your gaps and needs are related to that topic.  The goals are to get the gaps and needs in one place to evaluate and prioritize.
	Phase 1 Step 1: (completed in Step 1)

	Phase 1 Step 2: (completed in Step 2)

	Phase 1 Step 3: (completed in Step 3)

	Phase 1 Step 4: (completed in Step 4)

	Phase 1 Step 5: (completed in Step 5)

	Phase 1 Step 6: (completed in Step 6)

	Phase 2 Step 7:


	Phase 3 and 4 Steps:  Will add Action and Needs as complete each Step and at the end prioritize



	


Background and Content 

Watersheds are very complicated systems of inter-related physical, chemical and biological characteristics, often referred to as “indicators
.” Which indicators you choose to monitor will depend upon your monitoring goals and objectives, as well as your available human and financial resources. There are literally hundreds of indicators that you could measure. Rather than list them all here, we’ll organize them into two broad categories and give you a few examples from each: 1) watershed ecosystem indicators, and 2) public health indicators.

Different Ways of Looking At Watershed Ecosystem Indicators

Biological Indicators: This includes living things like bacteria, fish, insects, plants and others living in the water column or on the bottom of a water body or in the riparian area.

Physical Water Column Indicators: This includes factors like temperature, turbidity, clarity and other physical characteristics of the water column.

Chemical Water Column Indicators: This includes factors like dissolved oxygen, pH, alkalinity, nutrients and other elements and compounds found in the water column.

Flow Regime: This includes all the factors that affect the amount of water in the system, such as land use, precipitation, runoff, groundwater and current velocity.

Habitat Structure: This includes the physical structure of the channel, shorelines and riparian area that supports life, such as riparian vegetation, bottom composition, bank stability, and gradient, in stream cover, current, channel form, siltation and width/depth.

Energy Source: This includes the various factors that provide energy to watershed organisms such as sunlight, organic matter inputs, nutrients, oxygen and carbon dioxide production. 

The different indicators listed above each tell us something different about the stream or lake. One way to think about these differences is to think about those factors that stress the watershed, the exposure of the watershed to that stress, and how it responds. This stress, exposure and response way of thinking is similar to how people who study the occurrence of disease think about their work.

· Watershed Stress Indicators: These are measures of activities which have the potential to affect the ecosystem, (e.g. pollution, land uses, water uses, climate, etc.).

· Watershed Exposure Indicators: These are measures of changes in indicators that suggest the magnitude and duration of exposure to a stressor (e.g. the concentration of suspended sediment over a period of time, the duration of low flow and/or high temperature events.).

Watershed Response Indicators: These are measures of the ecosystem’s response to exposure to a stressor (e.g. changes in the river channel, changes in biological community composition or abundance). 

This is a useful way to think about indicators because it helps you select appropriate indicators based on how you will use the information. For example, just because you measure higher-than-normal nutrient concentrations, doesn’t mean you have discovered a problem (unless there is a violation of water quality standards). To assess that, you will need to measure a response indicator, to see if those higher-than-normal concentrations are actually causing problems for aquatic life. 

Public Health Indicators

You can think of public health indicators in much the same way as watershed health: stress, exposure and response. In this case, stress would be the presence of disease-carrying organisms in the water (high levels of E. coli bacteria in water used for swimming or drinking). Exposure would be the extent to which people come in contact with disease-carrying organisms (e.g. the extent to which people are drinking or swimming in contaminated water). Response would be the extent to which people exposed to a contaminant actually get sick (e.g. number of illnesses in people who drink or swim in the water with high levels of bacteria).  In this workbook, we have simplified the task of choosing indicators by packaging them into “assessments.” 
Scale and Variability

For every indicator you will have to consider the effects of scale on: 

· Natural variability: For example, at the stream scale, high elevation headwater streams are typically colder and have more shading than streams at lower elevations. If you found a measurable difference in dissolved oxygen levels when comparing a high and low elevation stream, it could be primarily a result of this natural variability. 

· Human-induced variability: For example, at the watershed scale, smaller watersheds may have fewer differences in land use activities than a large watershed-making it easier to pinpoint the source(s) of nutrients coming into a stream. 

Sampling and analysis variability: For example, dissolved oxygen levels will naturally increase as the day progresses due to increasing photosynthesis as the sun gets higher in the sky. If you are sampling many sites throughout a large watershed, it will be difficult to measure dissolved oxygen levels at all the sites, within a small enough period of time, so that the level of sunlight doesn't affect your results. Thus, even if the sites are similar, measurable differences might be caused by time of day. 

Picking Indicators for Your Assessment

Now it’s time to select the indicators you will measure. The tables on the following pages are designed to help you do that. First, refer back to your inventory. List all the stressors - sources of pollution and other human alterations of the watershed. If you haven’t done the inventory yet, we suggest that you consider starting with the following inventory:

	Pollution and Alteration Sources Inventory

	Activities:
	Purpose:
	Method:

	A. Point Pollution Sources (e.g. discharges)

B. Land-based Non-point Pollution Sources (e.g. urbanization)

C. Altered Flows (e.g. Dams, water withdrawals, diversions)
	To determine the potential sources of pollution and alterations to the aquatic ecosystem and human uses. 
	Research Existing Information

	
	
	Uses, Values, and Threats Survey

	
	
	Windshield Surveys

	
	
	Stream-walks

	
	
	Pipe inventories


Once you’ve identified your stressors, you’re ready to pick indicators (sometimes called parameters) to measure from the following tables. These are organized by the monitoring purpose you identified in Step 3:

A. Condition and Trend Assessment: The indicators you select for this purpose should be ones that you can reliably monitor on a long-term basis – think in 5-10 year terms – and that represent different aspects of the watershed ecosystem (see the different ways of looking at indicators.

B. Impact Assessment (both point and non-point source): The most important indicators are those that are most sensitive to the particular sources and causes. The time frame may be short – perhaps only one season - for some of the indicators you measure. So, response indicators are particularly important here. Remember that this may evolve into an effectiveness assessment, so be sure to pick indicators that you would continue monitoring throughout both assessments.

C. Use Support Assessment: This may be the easiest assessment for which to select indicators: focus on those for which there are criteria in the water quality standards.

D. Effectiveness Assessment: The indicators you select for this assessment depend entirely on the nature of the protection and restoration measures. Be sure to select the ones that will respond to new threats (if your action was protection) and reduction in impacts of existing sources (if your action was restoration.

Notice that there are two categories in each table: indicators that are causes of stress and indicators that respond to stress. It’s very important to pick indicators from each group.

A.
Condition and Trend Assessment: Stressors and Recommended Indicators

	Parameters/Indicators
	Sources (Stressors)

	
	Sew
	Tox
	Ero
	Nut
	Ani
	Urb
	Veg
	AMD

	Causes of Stress

	Fecal colif./E. coli Bacteria
	X
	
	
	
	X
	X
	
	

	Total Phosphorus
	X
	
	X
	X
	X
	X
	X
	

	Total Dissolved Phosphorus
	
	
	X
	X
	
	
	
	

	Nitrogen Series

	 -
Total Kjeldahl Nitrogen
	
	
	
	X
	X
	X
	X
	

	 -
Nitrates
	X
	
	
	X
	X
	X
	
	

	 -
Ammonia
	X
	
	
	
	
	
	
	

	Turbidity
	X
	
	X
	
	X
	X
	X
	

	Dissolved Oxygen
	
	
	X
	X
	X
	X
	X
	

	Biochemical Oxygen Demand
	X
	
	
	
	
	
	
	

	Temperature
	X
	
	X
	X
	X
	X
	X
	

	pH
	X
	X
	
	
	
	X
	
	X

	Total Alkalinity
	X
	X
	
	
	
	X
	
	X

	Acidity
	
	
	
	
	
	
	
	X

	Conductivity
	X
	
	
	
	
	X
	
	X

	Hardness
	
	X
	
	
	
	
	
	

	Total Iron
	
	
	
	
	
	
	
	X

	Manganese
	
	
	
	
	
	
	
	X

	Sulfates
	
	
	
	
	
	
	
	X

	Aluminum
	
	
	
	
	
	
	
	X

	Total Dissolved Solids
	X
	
	
	
	
	
	
	

	Total Suspended Solids
	X
	
	X
	
	
	
	
	

	Total Residual Chlorine
	X
	
	
	
	
	
	
	

	Response Indicators

	Benthic Macroinvertebrate Assessment
	X
	X
	X
	X
	X
	X
	X
	X

	Benthic Macroinvertebrate Habitat Assessment
	X
	X
	X
	
	X
	X
	X
	X

	Embeddedness
	
	
	X
	
	
	X
	X
	

	Channel cross - sections
	
	
	X
	
	
	X
	X
	

	Longitudinal Profile
	
	
	X
	
	
	X
	X
	

	Bottom Composition
	
	
	X
	
	
	X
	X
	


Key to sources of stress:

Sew = sewage
Tox = toxics 
Ani = animal manure 
Veg = streamside vegetation removal

Ero = erosion 
Nut = nutrients 
Urb = urban runoff 
AMD = abandoned mine drainage

B.1
Point Source Impact Assessment: Stressors and Recommended Indicators

	Parameters/Indicators
	Sewage
	Toxics

	Causes of Stress

	Fecal colif./E. coli Bacteria
	X
	

	Total Phosphorus
	X
	

	Ammonia Nitrogen
	X
	

	Nitrates Nitrogen
	X
	

	Turbidity 
	X
	

	Dissolved Oxygen
	X
	

	Biochemical Oxygen Demand
	X
	

	Hardness 
	
	X

	Aluminum
	
	X

	Temperature
	X
	

	Total Dissolved Solids
	X
	

	Total Suspended Solids
	X
	

	Total Residual Chlorine
	X
	

	PH
	X
	X

	Total Alkalinity
	X
	X

	Conductivity
	X
	

	Stream Flow 
	X
	X

	Rainfall
	X
	X

	Responses to Stress

	Benthic Macroinvertebrate Assessment
	X
	X

	Benthic Macroinvertebrate Habitat Assessment
	X
	X


B.2
Non-Point Source Impact Assessment: Stressors and Recommended Indicators

	
	Sources (Stressors)

	Parameters/Indicators
	Erosion
	Nutrients
	Animal Manure
	Urban Runoff
	Veg. Removal
	AMD*

	Causes of Stress
	
	
	
	
	
	

	Rainfall
	X
	X
	X
	X
	X
	

	River Flow
	X
	X
	X
	X
	X
	X

	Fecal colif./E. coli Bacteria
	
	
	X
	X
	
	

	Total Phosphorus
	X
	X
	X
	X
	X
	

	Total Kjeldahl Nitrogen
	
	X
	X
	X
	X
	

	Nitrates
	
	X
	X
	X
	
	

	Ammonia
	
	
	X
	X
	
	

	Turbidity
	X
	
	X
	X
	X
	

	Dissolved Oxygen
	X
	X
	X
	X
	X
	

	Temperature
	X
	X
	X
	X
	X
	

	pH
	
	
	
	X
	
	X

	Acidity
	
	
	
	
	
	X

	Total Alkalinity
	
	
	
	X
	
	X

	Conductivity
	
	
	
	X
	
	X

	Hardness
	
	
	
	X
	
	X

	Total Iron
	
	
	
	
	
	X

	Manganese
	
	
	
	
	
	X

	Sulfates
	
	
	
	
	
	X

	Aluminum
	
	
	
	
	
	X

	 Response Indicators

	Embeddedness
	X
	
	
	X
	X
	

	Channel cross- sections
	X
	
	
	X
	X
	

	Bottom Composition
	X
	
	
	X
	X
	

	Longitudinal Profile
	X
	
	
	X
	X
	

	Intensive Benthic Macroinvertebrate Assessment
	X
	X
	X
	X
	X
	X

	Benthic Macroinvertebrate Habitat Assessment 
	X
	X
	X
	X
	X
	X


*AMD = abandoned mine drainage 
C.
Use Support Assessment

Choose indicators for which there are criteria in your state’s water quality standards:

	Parameters/Indicators
	Aquatic Life
	Recreation

	Fecal colif./E. coli Bacteria
	
	X

	Total Phosphorus
	X
	

	Ammonia Nitrogen
	X
	

	Turbidity 
	X
	

	Dissolved Oxygen
	X
	

	Hardness 
	X
	

	Temperature
	X
	

	Total Residual Chlorine
	X
	

	pH
	X
	

	Total Alkalinity
	X
	

	Conductivity
	X
	

	Stream Flow 
	X
	X

	Rainfall
	X
	X

	Benthic Macroinvertebrate Assessment
	X
	

	Benthic Macroinvertebrate Habitat Assessment
	X
	


Case Study 1

Case Study 2
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� The Intergovernmental Task Force on Monitoring Water Quality (ITFM) defines "environmental indicator" as follows: "A measurable feature which singly or in combination provides managerially and scientifically useful evidence of environmental and ecosystem quality or reliable evidence of trends in quality." ITFM, 1993 Report, Technical Appendixes, Appendix A.
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