


Identify the Stressor

e August 1973
Canadian Lake 226

e Nutrients? Which
nutrient? N or P?
Chemical spill?

Schindler, D.W. 1974. Science 184: 897-899.
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* Nutrients?
Hydrographic event?
Chemical spill?
Pathogens?
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Why Stressor Identification?

« Many states and several
tribes use biological
assessments to identify
whether streams and
small rivers are
impaired.

e In many cases, causes
of impairment are
unknown.

Percent of
Reported

8555 13.45
8526 13.41

6689
6389

General Impairment Name Causes of Impairment Reported

5654

PH

CAUSE UNKNOWN -
BIOLOGICAL INTEGRITY

TEMPER?

TOTAL TOXICITY
DIOXINS

TOXIC INORGANICS
FISH CONSUMPTION




Why use a formal method?

To convince stakeholders

To increase confidence that remedial or restoration
efforts can improve biological condition

To identify causal relationships that are not immediately
apparent

To prevent biases and other lapses of logic

“Science is a way of trying not to fool yourself. The first principle
is that you must not fool yourself — and you are the easiest
person to fool.”  [Feynman 1964]




We all make mistakes about causality

« We overweight meaningful
chance events

Every time | wash my car it rains

We all have biases Flow is always the real problem

We all think we know how to This looks like the last site | studied,
do it where DO was the problem

We form conclusions quickly, based on intuition & prior
experiences...

...and because we’re smart, we can ably defend our opinions

The # 1 reason for mistaken conclusions is theory tenacity!




Causation

One of the most difficult and controversial concepts in
philosophy

Only one reliable method for establishing causation:
randomized, replicated, controlled experiment

Unfortunately, this approach is not usually available




What is CADDIS?

e Online application that helps users conduct causal
assessments of stream biological impairment

— Strength of evidence-based framework for stressor
identification

— Information on specific stressors, data analysis
methods, etc.

— Tools for data analysis & literature evaluation

— Case studies



http://www.epa.gov/caddis




CADDIS Organization

Volume 1: Stressor ldentification
[Step-by-Step Guide]

Volume 2: Sources, Stressors & Responses
[Candidate Causes]

Volume 3: Examples & Applications
[Examples, Databases]

Volume 4: Data Analysis
[Analyzing Data]

Volume 5: Causal Databases
[Databases]







CADDIS Five Step Process

Step 1:
Step 2:
Step 3:
Step 4.

Step 5:

Define the case

List candidate causes
Evaluate data from the case
Evaluate data from elsewhere

|dentify probable cause










Consider listing nutrients as a candidate cause when the following sources and activities, site evidence, and biological

effects are present:

& Wastewater treatment plant & Proliferation of filamentous algae & Alteration of algal assemblages
effluents or algal mats {i.e., phytoplankton or periphyton)
Industrial effluents & Phytoplankton blooms (i.e., green & Alteration of invertebrate
Municipal landfills and waste water) assemblages (i.e., zooplankton or
disposal sites & Abundant macrophytes benthic macroinvertebrates)

& Animal feed lots or confined & Fish kills

animal feeding operations
& Construction and development
sites
& Combined stormwater and
sanitary sewers
Agricultural and irrigation runaff
Runoff from impervious surfaces
associated with urban or other
developed areas
Pasture and rangeland runoff
Septic systems
Atmospheric deposition
Landscaping runoff, such as from
residential lawns, golf courses,
and athletic fields

Consider these commonly associated candidate causes when listing nutrients as a candidate cause:

& Dissolved oxygen

o Temperature

# Suspended and bedded sediments
+« poH

* Ammonia toxicity

* Pathogens

¢ Co-migrating contaminants

#Top of Page










CADDIS Volume 2: Sources, Stressors & Responses

CADDIS Home

Stressor ldentification

Sources, Stressors &
Responses
SOURCES
Urbanization
STRESSORS
Ammonia
Dissolved Oxygen
Flow Alteration
Herbicides
Insecticides
lonic Strength
Metals
MNutrients
pH
Physical Habitat
Sediments
Temperature

Unspecified Toxic
Chemicals

RESPOMNSES

Examples & Applications

Data Analysis

Causal Databases

[ Contact Us Share

You are here: EFA Home w CADDIS w Sources, Stressors & Responses wMNutrients: References

Nutrients

Introduction When to List | | Ways to Measure Conceptual Diagrams References
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CADDIS Home

Stressor ldentification

Sources, Stressors &
Responses
SOURCES
Urbanization
STRESSORS
Ammonia
Dissolved Oxygen
Flow Alteration
Herbicides
Insecticides
lonic Strength
Metals
Mutrients
pH
Physical Habitat
Sediments
Temperature

Un=specified Toxic
Chemicals

RESPOMNSES

Examples & Applications

Data Analysis

Causal Databases

Sources, Stressors & Responses

You are here: EFA Home 4 CADDIS » Sources,

Stressors & Responses w Urbanization

URBANIZATION
- The urban stream syndrome
= Urbanization & biotic integrity
= Catchment vs. riparian urbanization

Contact Us Share

Riparian/Channel Alteration

= Riparian zones & channel morphology
- Urbanization & riparian hydrology
— Stream burial

Wastewater Inputs
= Combined sewer overflows (C50s)
— Reproductive effects of WWTP effluents
— Wastewater-related enrichment

Stormwater Runoff
— Effective vs. total imperviousness
— Imperviousness & biotic condition
— Thresholds of imperviousness

Water/Sediment
Quality
= Conductivity
— Mitrogen
= Pavement sealants

Temperature

condition

change

environment within surface waters.

— Heated surface runoff
- Temperature & biotic

— Urbanization & climate

Hydrology
— Baseflow in urban
SIPEams
— Water withdrawals
& transfers
= Biotic responses to
urban flows

channel, and basic emnergy sources for the stream food web.

Physical Habitat
= Channel enlargement
— Road crossings

— Bed substrates &
blotic condition

Energy Sources
= Terrestrizal leaf
litter
= Primary production
& respiration
— Quantity & quality of
DOC

Click on any heading to see more detailed information about that pathway.
Click on subheadings to read more about highlighted topics under each heading.

Urbanization is an increasingly pervasive land cover transformation that significantly alters the physical, chemical and biological

The diagram above provides a simple schematic illustrating pathways through which urbanization may affect stream ecosystems.
Ripanan/channel alteration, wastewater inputs and stormwater runoff associated with urbanization can lead to changes
in five general stressor categories: water/sediment quality, water temperature, hydrology, physical habitat within the

This module is organized along these pathways. You can learn more about urban stream sources and stressors by clicking on these
headings in the diagram above. You can click on subheadings within each shape to learn about specific topics in greater detail. To
return to this oroanizational diaoram from anv ooint in the module. simoly click on the Urbanization link in navioation bar (at left) or
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You are here: EFA Home » CADDIS & Examples & Applications »Case Studies
CADDIS Home

Case Studies

Stressor ldentification

These reports provide examples of how some assessors have developed and interpreted evidence to determine causes of
biological impairments, and in some cases improved the quality of an ecosystem. They provide different examples of how to

arganize an assessment report, analyze data, and present results. Most of the cases assess rivers and streams, but a few assess
terrestrial ecosystems.

Sources, Stressors &
Responses

Exampies & Applications The pm::E._'ss for identifying causes of biological |mpa|rrrfents Continues to Improve. .As a result you will note differences among the
case studies. In some examples, comments have been inserted by the U.5. EPA editor or the authors. These comments are not

meant to indicate that these causal analyses are in error, but to assist other 5l users by suggesting alternative approaches that may
be applied to their cases.

Analytical Examples
Worksheets: Little Scioto
Case Studies

State Examples

Calleries

Click on a location to view details about its case study.

Data Analysis

Causal Databases







CADDIS Volume 4: Data Analysis

CADDIS Home

Stressor ldentification

Sources, Stressors &
Responses

Examples & Applications

Data Analysis

Selecting an Analysis
Approach
Cetting Started

Basic Principles & Issues

Exploratory Data
Analysis

Basic Analyses

Advanced Analyses

Download Software

Caus=al Databases

EdContact Us @B Share

You are here: EF4A Home w CADDIS w Data Analysis wBasic Principles & lssues: Confounding

Basic Principles & Issues

Autocorrelation References

Interpreting Statistics | Confounding

Confounding

Interpreting Statistics

The effect of a stressor on a measure of biological condition (i.e_, the stressor-response
Authar: D. Farrar

relationship) may be misunderstood if other environmental variables or stressors that may

affect the biological measure are ignored. In many cases, a simple relationship observed

between a measure of biological condition and a single stressor may reflect the effects of additional stressors. For example,
increased urban land use encompasses many different stressors (e.g., increased flow flashiness, increased concentrations of
different pollutants, and degraded physical habitat), all of which can influence the aguatic biological community.

Analyses to estimate stressor-response relationships often must take measures to avoid attributing biological effects to a single
stressor when observed effects are as readily attributable to simultaneous exposure to multiple, associated stressors. This issue is
particularly important when estimating stressor-response relationships from large, regional data sets, in which multiple, associated
stressors are common.

Identifying concomitant variables

We use the term concomutant varabies for vanables that might confound estimates of the effect of a stressor vanable on a measure
of biological condition. Conceptual diagrams showing linkages between sources, stressars, and biological responses can help one
identify a set of concomitant variables. In particular, one should look for variables that provide alternate pathways linking the
stressor of interest and the biological effect, and include variables that block these pathways (see Confounding: Details for more
information).

One approach for controlling for confounding variables

For a basic data analysis tool that can address confounding to some degree, we Table 1. Percent substrate

sand/fines (5ED) in different strata.
Column labeled as r shows the

emphasize scatterplots in combination with stratification. Stratification breaks the
dataset into subsets (i.e., strata) that are relatively homogeneous with respect to ane

or more concomitant variables. If there is adequate variation within strata for the correlation coefficient between

total mtrogen and SED within each

stratum

stressor of interest, one can evaluate the stressor-response relationship with
concomitant variables approximately fixed, minimizing their influence on the
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You are here: EFA Home » CADDIS o Data Analysis w Download Software: Overview

CADDIS Home
Download Software

Stressor ldentification

Owverview CADStat 55D Generator R Command Line Tutorial

Sources, Stressors &

o This section provides access to toals that you can download and use to analyze yvour data. Three tools currently are available:
ESpOnNSes

¢ Tool 1: CAD5Star. CADStat is & menu-driven package of several data visualization and statistical methods, based on JGR
Examples & Applications (a Java Graphical User Interface to R).
+ Tool 2: Species Sensitivity Distribution (55D) Generator. The 55D Generator is a Microsoft Excel template that

allows you to calculate and plot the proportion of species affected at different levels of exposure in laboratory toxicity
Data Analysis

tests.
Selecting an Analysis ¢+ Tool 3: R Command Line Tutorial. On this page, you can download R scripts (i.e., programs) and sample data to walk
Approach through a primer an R, a free statistical software package. Background material and R scripts for predicting environmental
Cetting Started conditions from biological observations also are available in a separate section.
Basic Principles & Issues
Exploratory Data The tools yvou select depend on the methods you need and your comfort level with programming. If you are imexperienced with
Analysis programming, we recommend you begin by using the taols that do not require programming expertise. CADStat far, example,
Basic Analyses will allow you to conduct several types of statistical analyses using a menu-driven interface, and the Species Sensitivity Distribution
Advanced Analyses (5500 Generator provides detailed instructions and macros that may be used to generate an 550. If vou are familiar with the R
Download Software statistical package, yvou may wish to use our more complex toals which require some knowledge of command-line statistical

programming and provide mare analytical flexibility.

Causal Databases






The ICD application

e Visual tool for organizing & accessing cause-effect
information

e > 400 papers

— Metals — Temperature
— Sediment — Urbanization

— Nitrogen & phosphorus

e 2 modes

— View mode: access supporting literature for
selected linkages (shape pair combinations)

— Edit mode: create & modify diagrams, link
supporting literature to diagrams




An ICD example...



















CADDIS: A Team Effort

e Thanks to the many
ecologists, hydrologists,
engineers, and
statisticians who have
contributed to CADDIS.

e Additional thanks to our
state partners for case
study contributions.

Suggestions for future
enhancements
welcome.

www.epa.gov/caddis
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