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“Unfortunately our skill in, and zeal
for collecting data far exceeds our
abilityy to interpret
p them,, p
particularly
y in
terms of system integrity and
response The preoccupation with
response.
minutiae, which is the foundation for
the generation of sound data
data, is the
most formidable obstacle to its
enlightened
li h
d use””
John Cairns 1980
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11 Natural structural, functional, and taxonomic integrity is preserved.
Wetland
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Evident changes in structure due to loss of some rare native
taxa; shifts in relative abundance; ecosystem level functions fully
maintained through redundant attributes of the system.
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Moderate changes in structure due to replacement
OH Lrg
river
of sensitive ubiquitous taxa by more tolerant
taxa;
Stressor
Gradient
overall balanced
distribution of all expected
taxa;
fish BCG
ecosystem
y
functions largely
g y maintained.

5

Sensitive taxa markedly diminished;
conspicuously unbalanced distribution of
major groups from that expected; organism

Stressor Gradient

condition shows signs of physiological
stress; ecosystem function shows reduced
complexity and redundancy; increased
build up or export of unused materials.
materials

Extreme changes in structure; wholesale changes in
taxonomic composition; extreme alterations from
normal densities; organism condition is often poor;
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2

Structure and function similar to natural community with some additional
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may
be present; ecosystem level functions are fully maintained
BCG

Level of Stressors

6

anomalies may be frequent;
ecosystem functions are
extremely altered.

HIGH
Stressor Gradient

Using the BCG in an
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Urbanizing
S tti
Opportunities
pp
for States and Tribes
1. The BCG organizes
g
complex
p
information
2. The BCG helps us communicate science
more clearly
better decisions
3. The BCG can help us learn how to
prevent problems
problems.

Biota
Geomorphic Processes
• Valley/Channel Geometry
and Structure
• Flow Regime
Surface Water
Groundwater
• Sediment Regime

Landscape
Parameters
• Metapopulation
characteristics
• Dispersal and
Immigration rates

Fluvial Processes
• Channel Morphology
• Island Density
• Floodplain Extent
and Connectivity
Energy Source

• Aggregated species
composition
Habitat-Forming Processes
• Depth
p

• Substrate

• Velocity • Cover
• Width
• Woody Debris
• Sinuosity

Community and
Ecosystemlevel Parameters
• Structural Composition
• P/R Ratios
Energy Source

Water Quality
• Temperature
• Nutrients

Individual and
Populationlevel Parameters

Energy Source

• Organic Carbon
• Dissolved Oxygen
• Toxic
T i Chemicals
Ch i l

• Growth

• Anomalies
• Reproductive
success
• Sex Ratios

Conceptual model of river processes and potential measurements

Opportunity #1 for States and Tribes
The BCG organizes complex
information
• Accommodates and organizes
g
complexity
p
y
• Uncovers blind spots and biases
• A check against reductionist solutions
– e.g., pollutant by pollutant “TMDLs”
– “rapid”
“ id” bi
bioassessmentt approaches
h

• Helps us be better biologists
DATA
INFORMATION
KNOWLEDGE

Opportunity #2 for States and Tribes:
The BCG helps us communicate
more clearly

BCG Bayes-Net Model
(Duke/USGS)

L. Kashuba

The Science behind Water Quality Goals
SCIENCE
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GOALS
Class A/AA

“as naturally occurs”
BCG Tier 1-2

Class B

“support all indigenous
species; no
detrimental change”
BCG Tier 2-3

Class C

“support indigenous
fish (salmonids); maintain
structure and function”
function
BCG Tier 3-4

Stressor Gradient

A Scientific Model

Water Quality Standards
Framework (ex: Maine)

Opportunity #3 for States and Tribes:
The BCG can help
p us learn how to
prevent problems
Biological Condition
Gradient
Bio Conditiion Gradieent
B

Early detection and
prevention of decline is
critical, in terms of both
long-term ecological
and economic costs
Stressor Gradient

A Scientific Model

Impervious Surface
Aerial
in
Photo
Class B Streams
Landuse
Jepson Brook-NA

Hart Brook- Class C

Stetson Brook- Class A

Development
Impervious
surfaces(High/Medium/Low Intensity, Open Space)
Greens
Forests, Grasslands

“NA”= Non-attainment of C

Using the BCG in an
Urbanizing Setting:
Challenges for States and Tribes
•

•

Lack of policy mechanisms to prevent
problems and/or protect existing high
quality
Ineffective (or non-existent) actionforcing to stop biological degradation

Challenges for States and Tribes:
Lack of policy mechanisms to prevent problems
and/or protect existing high quality.
quality.

• Observed high biological quality is not
adequately protected
– Antidegradation
A tid
d ti is
i poorly
l suited
it d tto preventt
biological decline
– Aquatic life uses generally only protect to the
CWA Interim Goal and ignore the CWA
BioIntegrity Objective

13 States’ Self-Evaluation of ALU Thresholds:
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Challenges for States and Tribes:
Ineffective (or non-existent) action-forcing
• Biological decline infrequently triggers
management intervention unless severe
• Biological
Bi l i l goals
l are poorly
l expressed
d & addressed
dd
d
• Outdated policy structures over-simplify problems
• States and EPA have not prioritized implementation
of Stressor ID
Causes of biological impairment
– Example: federal reporting “catch-all” for biological
p
is “Cause Unknown”
impairment

Emerging Science Can Help
• Duke-USGS BCG Bayes Net Model
– Balance of expert judgment and empirical data
– Explicitly incorporates both X-axis and Y-axis
• Elucidates both the biological responses and the
stressor syndromes

– Predicts
P di t lik
likely
l bi
biological
l i l response off diff
differentt
management (BMP) options

