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Figure 1. Conceptual diagram of the Effects of Urbanization on Stream Ecosystems (EUSE) National Water-Quality Assessment 
(NAWQA) Program study. Urban stream ecosystems include processes operating at regional, watershed, and stream-reach scales.
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Figure 2. Locations of the nine metropolitan regions and 
surrounding areas of the Effects of Urbanization on Stream 
Ecosystems (EUSE) studies.
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and water chemistry as naturally 

occur.

Chemistry, habitat and (or) flow 
regime severely altered from 

natural conditions.

Natural structural, functional, and
taxonomic integrity is preserved.

Structure and function similar to natural 
community with some additional taxa 
and biomass; ecosystem level functions 
are fully maintained.

Evident changes in structure due to 
loss of some rare native taxa; shifts 
in relative abundance; ecosystem 
level functions fully maintained.

Moderate changes in structure due to 
replacement of some sensitive 
ubiquitous taxa by more tolerant taxa; 
ecosystem functions largely maintained.

Sensitive taxa markedly diminished; 
conspicuously unbalanced distribution 
of major taxonomic groups; ecosystem 
function show reduced complexity and 
redundancy.
Extreme changes in structure and 
ecosystem function; wholesale 
changes in taxonomic composition; 
extreme alterations from normal 
densities.

Tiers of biological condition

1

2

3

4

5

6

Figure 3. Biological Condition Gradient (BCG) tiers relative to increasing stressor gradient (modified from Davies and Jackson, 
2006). The six BCG tiers are defined in terms of biotic community structure and ecosystem function as listed in table 1.

Table 1. Biological Condition Gradient (BCG) tier and attribute definitions.

Tier Structure of biotic community Ecosystem function

Evident changes

Severe changes
Attribute Characteristics

I
II
III

IX
X Ecosystem connectance
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Sidebar 1. Comparing Stream Biological Conditions Across Regions 

A major challenge in assessing relative biological conditions for streams in different parts of the country is setting 
expectations for the assessed sites that account for regional differences in the best available, or “reference,” conditions of 
aquatic biota (Herlihy and others, 2008). Macroinvertebrate samples from a U.S. Environmental Protection Agency (USEPA) 
study of the Temperate Plains region, which includes extensive agricultural lands in the eastern Dakotas, through Iowa, 
Minnesota, Missouri, Kansas, and Nebraska, to Indiana and Ohio, can be interpreted in a way that indicates that 62 percent of 
the stream length in this region was in good or fair condition. In contrast, macroinvertebrate sample data from the Northern 
Appalachians region, which includes all the New England states, most of New York, the northern half of Pennsylvania, 
and northeastern Ohio, can be interpreted in a way that indicates that only 
28 percent of the stream length was in good or fair condition. A conclusion 
that could be drawn from these data, collected as part of the USEPA Wadeable 
Streams Assessment, is that the overall biological condition of streams in 
the Midwestern agricultural region is better than the condition of streams in 
the largely forested Appalachian region (fig. 4; U.S. Environmental Protection 
Agency, 2006).

A likely reason for the larger percentage of good and fair stream reaches 
in the Temperate Plains in comparison to the Northern Appalachians is the 
relative difference in the observed biological condition of the reference 
streams in the two regions. Reference streams were selected on the basis 
of the “best available conditions,” those conditions generally present in 
undisturbed watersheds. Macroinvertebrate communities in these streams 
typically have more sensitive species than streams in watersheds that have 
been subject to some degree of human disturbance. However, much of the 
Temperate Plains has been altered by human disturbance, such as agricultural 
activity, and reference streams meeting the criterion of “best available 
conditions” had relatively fewer sensitive species than did reference streams 
in the Northern Appalachians. 

In essence, the regional difference in disturbance led to unequal 
starting points for comparing streams in the Temperate Plains with those 
in the Northern Appalachians. In terms of the Effects of Urbanization on Stream Ecosystems (EUSE) design, the relatively 
limited range of biological conditions in the Temperate Plains streams, including reference streams, resulted in a “truncated 
gradient” in comparison to the Northern Appalachian streams, where reference streams were more likely to have sensitive 
species. Therefore, for a given level of disturbance in a watershed (that is, moving away from reference conditions) a stream 
in the Northern Appalachian region would be likely to show greater departure from reference conditions compared to a 
stream in the Temperate Plains region. Additionally, a truncated gradient for the Temperate Plains region is consistent with the 
EUSE finding that agricultural land use in watersheds in the Milwaukee, Dallas, and Denver study areas had probably led to a 
reduction in the number of sensitive species in streams prior to urban development (Kashuba and others, 2010). 

An issue of potential concern for management in using least-disturbed streams to define “reference conditions” is that 
the qualities of a healthy stream can vary greatly among regions. In cases where assessments of stream health are based 
on regionally distinct reference biological communities, they are often difficult to compare across regions. This situation 
can occur, for example, when tolerant species dominate the biological community in the least-disturbed streams of a region 
because sensitive species have been lost from prior land-use disturbances. One solution that addresses this inconsistency 
is the use of a Biological Condition Gradient (BCG) (Davies and Jackson, 2006). The BCG provides a frame of reference for 
assessing stream biological conditions that can be applied in all parts of the United States. Best available stream conditions 
have reference conditions in BCG Tiers 1 or 2 in parts of the country that include high-quality biological communities. Other 
parts of the country, with degraded biological communities, may have reference conditions in BCG Tiers 3 or 4. Informative 
cross-regional comparisons can only be made when they are based on a common frame of reference.
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Biological
condition

Chemical
condition

Physical
condition

Urban
development

Figure 5. Directed acyclic graph (DAG) showing a simple 
Bayesian network with four nodes and four arrows.

both Physical condition and Chemical condition
means that the physical condition and chemical condition are 

Child nodes relative to one concept can then be parent nodes 

Urban development, Physical condition and Chemical condi-
tion are both also parents of Biological condition

of a complicated system into sets of direct relations between 
every parent node and its children, so that child nodes can then 

-

-

-

-

-
ment Urban devel-
opment is the single parent of Physical condition
Physical condition -

-

Urban development and Physical condition, 
indicates that if Urban development -
cent chance that Physical condition
chance that Physical condition

-

Biological
condition

Chemical
condition

Physical
condition

Urban
development

If Physical
condition is… 

and Chemical  
condition is… 

good poor 

good good 95% of the time 5% of  the time

good poor 25% of the time 75% of the time 

poor good 30% of  the time 70% of the time 

poor poor 1% of the time 99% of the time 

Biological
condition will be...

Physical condition as PARENT node:
p(Biological condition|Physical condition, Chemical condition)

If Urban
development is… 

good poor 

low 90% of the time 10% of  the time

high 10% of the time 90% of the time 

Physical 
condition will be...

Physical condition as CHILD node:
p(Physical condition|Urban development)

Figure 6. Example of simple conditional probability tables (CPT). The relation between each child node and its parents 
(left) is specified with a  CPT (right). The upper CPT describes the relation when Urban development is the parent node 
and Physical condition is the child node. The lower CPT describes the relation when Physical condition is the parent 
node (along with the Chemical condition parent node) and Biological condition is the child node.



8  Linking Urbanization to the BCG for Stream Ecosystems in the Northeastern U.S. Using a Bayesian Network Approach 

-
-

Biological condition is affected by both Physical 
condition and Chemical condition

Biological condi-
tion

Biological condition
chance that Biological condition is good if Physical condi-
tion and Chemical condition
observing good Biological condition

Physical condition or 
Chemical condition
Physical condition and Chemical condition

Creating a Bayesian Network Model

-
ing the prior model with data to obtain the posterior model, 

-

of “evidence,” also called predictive or diagnostic probability 

-

Developing the Northeastern U.S. Bayesian 
Network Prior Model Using Expert Elicitation 

-
edging that model and parameter selections are made by way 

-

-

-

and discretization, conditional probabilities, and prior weights 



Methods  9

Table 2. Northeastern U.S. urbanization effects model expert teams.

Biologists and aquatic ecologists

Water management assessors

Habitat scientists

Urban planners and managers

Model Structure

-

-

-

-

avoid scale mismatch between concepts, and balance model 

-

-
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Figure 7. Parsimonious Northeast Bayesian network model structure.
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Table 3.  Nodes and variables chosen by experts to represent major system components in Northeastern U.S. Bayesian  
network model. 

Node Variable: units
Discrete categories

Low Medium High

Urban development cover in basin area
 

Fine Coarse

Generic richness

 
Ephemeroptera

BCG Biological Condition Gradient discrete scale 1 2 3 4 5 6

Conditional Probability Tables 

-

-
tion across the states of a given node changes depending on 

-
fore, the Hydrology child node is parameterized conditional 
on its Urban development

-

for the Hydrology node conditional on the Urban development 

A

-

-

-

-



12  Linking Urbanization to the BCG for Stream Ecosystems in the Northeastern U.S. Using a Bayesian Network Approach 

Table 4. “Hydrology” node prior conditional probability table and prior weight ( 0),  
data table, and posterior conditional probability table and posterior weights ( 0+n).

A. Prior conditional probability table 

Urban land 
cover

Flashiness greater than 7 times the median

Low Medium High 0

B. Data table 

n

Urban land 
cover

Flashiness greater than 7 times the median

Low Medium High n

C. Posterior conditional probability table

n

Urban land 
cover

Flashiness greater than 7 times the median

Low Medium High 0+n

i i
Habitat, which has two states, or BCG, 

Urban development

-
-

-
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Hydrology child node condi-
tional on the Urban development

-

random sample of northeastern streams with low 

-

A
Urban develop-

ment

-
tebrate metric nodes and BCG

converted into probabilities and normalized when the reported 

Hydrology A
A to 

A

Prior Weights

-
ation of three different prior weight-elicitation methods, the 

to show lowest within-method variability, most consistent 

the probability range elicitation method is that small reported 

-
let i

-

i  ]
i  ] i -

variance can then be solved for prior weight, 0

i  ] 
i  ] 0

-

A for Hydrology
A A

A
A A

Hydrology A
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Table 5. Probability range prior weight elicitation results for all child state probabilities in each of two randomly selected rows from 
each conditional probability table.—Continued

[P+E, Plecoptera and Ephemeroptera; BCG, Biological Condiiton Gradient]

Child node 
(variable)

Parent node
variable states 

(category definition)

Child 
variable 

state

Prior 
expected 

value 
(E[ i  ] )

Elicited 
prior  

probability
range

Standard  
deviation  

calculated  
from range 

Calculated prior 
weight 

( 0)

Urban land cover

Urban land cover Flashiness

Coarse

Coarse

 

Urban land cover Flashiness

Generic 
richness

Flashiness Substrate Conductance

Coarse

feeder relative 

Flashiness Substrate Conductance

Coarse

i
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Updating the Prior Model with Data

p x p p x

where
 , the 

parameter set of interest, 
 x, the 

data, given , and 
 , 

given the data, x, which is a combination 
of the prior information and the data 

-

parameter set of interest, , is originally 
-

-

information with the additional information from the data, the 

, is essen-
tially a weighted average of the prior information and the data 

Table 5. Probability range prior weight elicitation results for all child state probabilities in each of two randomly selected rows from 
each conditional probability table.—Continued

[P+E, Plecoptera and Ephemeroptera; BCG, Biological Condiiton Gradient]

Child node 
(variable)

Parent node
variable states 

(category definition)

Child 
variable 

state

Prior 
expected 

value 
(E[ i  ] )

Elicited 
prior  

probability
range

Standard  
deviation  

calculated  
from range 

Calculated prior 
weight 

( 0)

Flashiness Substrate Conductance

Coarse

Coarse

BCG

Generic 
richness

Filter feeder 
relative 

abundance

P+E relative 
abundance

i
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Sidebar 2. How Bayesian Updating Works

Simple Example with Single Probability Parameter 

Bayesian updating is the process of revising a prior distribution of one or more parameters using newly obtained data 
that contain information about those parameters. This simple example shows how to estimate the probability that a random 
stream in the northeastern United States has good biological 
condition. This probability can be represented by the 
parameter, i. Prior information about i (from either expert 
knowledge or previous data) can be summarized in this 
case by a beta distribution centered on 0.50 with a standard 
deviation of 0.2 (fig. 8, solid red distribution). This prior 
information is known with a prior weight (hypothetical sample 
size) of 6. This means that, prior to data collection, analysts 
believe there is a 50-percent chance that a random stream in 
the northeastern United States has good biological condition, 
and the certainty of that probability estimate is equivalent 
to the certainty of observing six streams, of which three had 
good biological condition. This prior distribution summarizes 
everything known, and how well it was known, before data 
were collected.

The biological condition of 10 random streams in the 
Northeast are then sampled. The data collected indicate 
that 7 of these 10 streams have good biological condition. 
This means the data are assumed to belong to a binomial 
likelihood distribution centered on the maximum likelihood 
estimate of 0.70 for parameter i (fig. 8, dashed blue 
distribution). Making an inference about parameter i based 
on these data alone, there is a 70-percent chance that a 
random stream in the northeastern United States has good 
biological condition with a certainty equivalent to 10 samples. 

Given the sources just described, there are two different 
types of information from which two different conclusions 
can be drawn concerning the probability that a stream in the 
Northeast United States has good biological condition. There 
is slightly more certainty in the conclusions drawn from the 
10 sample units of recently collected data, but that does not 
mean that the 6 sample units of information available prior to 
collecting data should be discounted. 

Ideally, the greatest certainty would be associated with 
a conclusion that could be drawn from both aforementioned 
sources of information. This combining of information is exactly what Bayesian updating allows one to do. By taking a weighted 
average of prior information and data, a posterior (beta) distribution for parameter i is calculated with an expected value of 
0.625 (fig. 8, solid purple distribution). An analyst can now infer that the probability of a stream in the northeastern United States 
having good biological condition is closer to 62.5 percent, with a certainty equivalent to 16 samples. This greater certainty of the 
posterior state of knowledge is represented by a smaller standard deviation of 0.1 (fig. 8, solid purple distribution) relative to the 
prior distribution standard deviation of 0.2 (fig. 8, solid red distribution).
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Data: xi /n = 7/10 → 0.70
Posterior: p(θi|xi) → 0.625

Figure 8. Bayesian updating of hypothetical, generic 
parameter i (which can represent a probability between 
0 and 1). The expected value of the prior distribution (red), 
p( i), is 0.50. Collected data (blue) shows 7 of 10 samples 
(where xi is number of positive draws and n is total sample 
size), resulting in a maximum likelihood estimate of 0.70. 
The posterior distribution (purple), p( i|xi), averages prior 
information with data, weighting by prior weight (6) and 
sample size (10), respectively, and yielding an expected 
value of 0.625. Because sample size was slightly greater 
than prior weight, the posterior expected value is slightly 
closer to the maximum likelihood estimate than to the prior 
expected value.
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Bayesian Updating for Multiple Probability Parameters within a Bayesian Network CPT Row 

In the context of a Bayesian network, Bayesian updating of parameters applies to each parameter in each conditional probabil-
ity table (CPT). Rather than using the distribution forms that describe the probability of a single outcome occurring (that is, beta prior 
and posterior distributions for the parameter, , and binomial likelihood for the data), each row in the conditional probability table 
uses the distribution forms that describe the probability of one of multiple outcomes occurring. The distribution form for multiple 
(for example, three) possible outcomes is Dirichlet prior and posterior distributions for the parameters, 1, 2, 3, and multinomial 
likelihood for the data, as described in the discussion of model updating with prior data and equations 1.1–1.9 (appendix 1).

The different distribution forms just described follow identical Bayesian principles. Each cell in a CPT shows the expected 
value of the probability that a stream will fall into that child node category given that it belongs to the parent node category for that 
row. For example, the first row of the prior CPT for the Hydrology child node shows that for a stream in a watershed with low urban 
development (parent node category), there is an expected 20-percent chance that stream will have low flashiness, a 70-percent 
chance that stream will have medium flashiness, and a 10-percent chance that stream will have high flashiness (fig. 9, top prior 
row, from table 4A, first row). Similar to the single probability example described earlier, these three probabilities are constructed 
from (expert) knowledge obtained prior to data collection. These three values are considered the expected prior values for 
Dirichlet parameters, 1, 2, 3. The expert-elicited prior weight indicates that this knowledge is equivalent in certainty to 8.3 
hypothetical samples. This prior weight is represented in Dirichlet terminology as 0 (appendix 1, equations 1.1–1.9).

Additionally, Effects of Urbanization on Stream Ecosystems (EUSE) Northeast data measuring flashiness and urban 
land cover are also available to make inference on the likely values of 1, 2, 3. In this case, data show that of 10 streams in 
watersheds having low urban land cover, 1 has low flashiness, 8 have medium flashiness, and 1 has high flashiness (fig. 9, 
middle data row, from table 4B, first row). The maximum likelihood values for 1, 2, and 3, given these data, (from assumptions 
specific to a multinomial distribution) are 0.10, 0.80, and 0.10, respectively. Bayesian updating is then used to combine these 
two sets of information into a posterior conditional probability table that lists the expected values for parameters 1, 2, and 3, 
given both prior information and data, weighting by the prior weight, 0, and sample size, n, respectively (fig. 9, bottom posterior 
row, from table 4C, first row). In this case, because the sample size is slightly greater than the prior weight, posterior expected 
values of the probabilities of having low or medium flashiness given low urban land cover are calculated slightly closer to 
the maximum likelihood values of the data compared to the expected values of the prior distribution. The posterior probability 

of high flashiness remains 
unchanged because both the 
prior distribution and the data 
likelihood have the same 0.10 3 
value. This Bayesian updating 
process is followed for every CPT 
row in the model. 

Figure 9. Bayesian updating 
of parameters 1, 2, 3, within a 
conditional probability table (CPT) 
row in a Bayesian network. The 
posterior expected values, E [ 1|x1], 
E [ 2|x2], and E [ 3|x3], are each 
the weighted average of the prior 
expected values (E [ 1], E [ 2], and 
E [ 3]) and the maximum likelihood 
estimates from the data (x1/n, x2 /n, 
and x3 /n), weighted by the prior 
weight ( 0 ) and sample size (n), 
respectively.

PRIOR

Urban development:  
Percent urban land cover

Hydrology:  
Flashiness greater than 7 times the annual median rise

Low  
(0–7%)

Low 
(0 rises)

Medium 
(1–3 rises)

High 
(4+ rises)

Prior  
weight

0.20 0.70 0.10 8.3

DATA
E [ 1 ] E [ 2 ] E [ 3 ] 0

Urban development:  
Percent urban land cover

Hydrology:  
Flashiness greater than 7 times the annual median rise

Low 
(0–7%)

Low 
(0 rises)

Medium 
(1–3 rises)

High 
(4+ rises)

Sample  
size

1 8 1 10

POSTERIOR
x1 x2 x3 n

Urban development:  
Percent urban land cover

Hydrology:  
Flashiness greater than 7 times the annual median rise

Low 
(0–7%)

Low  
(0 rises)

Medium 
(1–3 rises)

High 
(4+ rises)

Posterior  
weight

0.15 0.75 0.10 18.3

E [ 1 | x1 ] E [ 2 | x2 ] E [ 3 | x3 ] 0+ n
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Figure 10. Prior predictive probabilities of occurrence for each level of each node under low urban development. [Probabilities 
are represented as percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in table 3.]
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Figure 11. Prior predictive probabilities of occurrence for each level of each node under high urban development. [Probabilities 
are represented as percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in table 3.]
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Figure 12. Data-only predictive probabilities of occurrence for each level of each node under low urban development. 
[Probabilities are represented as percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in 
table 3.]
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Figure 13. Data-only predictive probabilities of occurrence for each level of each node under high urban development. 
[Probabilities are represented as percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in 
table 3.]
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Figure 14. Posterior predictive probabilities of occurrence for each level of each node given an observation of high urban land 
cover and no management interventions. [Probabilities are represented as percentages, numerically and graphically (horizontal 
colored bars). Factor levels are defined in table 3.]
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Figure 15. Posterior predictive probabilities of occurrence for each level of each node under causal inference: Managing 
flashiness to medium, while still observing high urban land cover. [Probabilities are represented as percentages, numerically and 
graphically (horizontal colored bars). Factor levels are defined in table 3.]
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Figure 16. Posterior predictive probabilities of occurrence for each level of each node under causal inference: Managing 
specific conductance to low, while still observing high urban land cover. [Probabilities are represented as percentages, 
numerically and graphically (horizontal colored bars). Factor levels are defined in table 3.]
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Figure 17. Posterior predictive probabilities of occurrence for each level of each node under causal inference: Managing 
flashiness to medium and specific conductance to low, while still observing high urban land cover.  [Probabilities are represented 
as percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in table 3.]
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Table 6. Driver causal interventions most likely to improve Biological Condition Gradient 
(BCG) tier achievement likelihood given unobserved urban land cover state.  

 

Rank Flashiness Substrate Conductance
BCG goal 

(% achievement)
Nodes 

managed

Coarse

Coarse

Coarse

Coarse
Coarse

Coarse
Coarse
Coarse

Coarse

Coarse
Coarse

Coarse
Coarse

Coarse

Coarse

Coarse



30  Linking Urbanization to the BCG for Stream Ecosystems in the Northeastern U.S. Using a Bayesian Network Approach 
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different drivers, nor is it a simple monotonic relation in which 
a biotic response always moves in the same direction relative 
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Table 7.  Excerpts from macroinvertebrate metric prior expert-elicited conditional probability tables. 

 

Given: How would you distribute 1,000 streams?

Flashiness Substrate Conductance Generic richness

   

200

Flashiness Substrate Conductance Generic richness

   
Coarse
Coarse 333
Coarse

Flashiness Substrate Conductance P+E relative abundance

   
Coarse
Coarse 390
Coarse

Flashiness Substrate Conductance P+E relative abundance

   

100
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Conclusions
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management endpoint allows for a standardized interpretation 
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in agreement on the general directions of change imposed by 

data-only models and, hence, in the posterior model, higher 
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Appendix 1.  Distribution Forms for Bayesian Updating
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Appendix 2.  Supplemental Prior and Posterior Conditional 
Probability Tables, Data Tables, and Bayesian Network Diagrams

Table 2–1. “Habitat” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional probability 
table and posterior weights ( 0+n).

A. Prior conditional probability table 

Urban land 
cover

Flashiness
Dominant substrate

Fine Coarse 0

B. Data table 

n

Urban land 
cover

Flashiness
Dominant substrate

Fine Coarse n

C. Posterior conditional probability table 

n

Urban land 
cover

Flashiness
Dominant substrate

Fine Coarse 0+n
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Table 2–2. “Water quality” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional 
probability table and posterior weights ( 0+n). 

A. Prior conditional probability table 

Urban land 
cover

Flashiness
Specific conductance at low base flow

Low Medium High 0

B. Data table

n

Urban land 
cover

Flashiness
Specific conductance at low base flow

Low Medium High n

C.  Posterior conditional probability table

n

Urban land 
cover

Flashiness
Specific conductance at low base flow

Low Medium High 0+n
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Table 2–3.  “Generic richness” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional 
probability table and posterior weights ( 0+n).

A. Prior conditional probability table

Flashiness Substrate Conductance
Generic richness

Low Medium High 0

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

  

B. Data table 

n

Flashiness Substrate Conductance
Generic richness

Low Medium High n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–3.  “Generic richness” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional 
probability table and posterior weights ( 0+n).—Continued

C. Posterior conditional probability table

n

Flashiness Substrate Conductance
Generic richness

Low Medium High 0+n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–4.  “Filter feeder relative abundance” node prior conditional probability table and prior weight ( 0), data table, and posterior 
conditional probability table and posterior weights ( 0+n).

A. Prior conditional probability table

 

Flashiness Substrate Conductance
Filter feeder relative abundance

Low Medium High 0

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

  

B. Data table 

n

Flashiness Substrate Conductance
Filter feeder relative abundance

Low Medium High n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–4.  “Filter feeder relative abundance” node prior conditional probability table and prior weight ( 0), data table, and posterior 
conditional probability table and posterior weights ( 0+n).—Continued

C. Posterior conditional probability table

n

Flashiness Substrate Conductance
Filter feeder relative abundance

Low Medium High 0+n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–5.  “P+E relative abundance” node prior conditional probability table and prior weight ( 0), data table, and posterior 
conditional probability table and posterior weights ( 0+n).

A. Prior conditional probability table

Flashiness Substrate Conductance
P+E relative abundance

Low Medium High 0

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

  

B. Data table 

n

Flashiness Substrate Conductance
P+E relative abundance

Low Medium High n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–5.  “P+E relative abundance” node prior conditional probability table and prior weight ( 0), data table, and posterior 
conditional probability table and posterior weights ( 0+n).—Continued

C. Posterior conditional probability table

n

Flashiness Substrate Conductance
P+E relative abundance

Low Medium High 0+n

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse

Coarse
Coarse
Coarse
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Table 2–6. “BCG” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional probability table 
and posterior weights ( 0+n).

A. Prior conditional probability table 

Generic 
richness

Filter 
feeder 

relative 
abundance

P+E 
relative 

abundance

BCG tier

1 2 3 4 5 6 0
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Table 2–6. “BCG” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional probability table 
and posterior weights ( 0+n).—Continued

B. Data table

n

Generic 
richness

Filter 
feeder 

relative 
abundance

P+E 
relative 

abundance

BCG tier

1 2 3 4 5 6 n
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Table 2–6. “BCG” node prior conditional probability table and prior weight ( 0), data table, and posterior conditional probability table 
and posterior weights ( 0+n).—Continued

C.  Posterior conditional probability table

n

Generic 
richness

Filter 
feeder 

relative 
abundance

P+E 
relative 

abundance

BCG tier

1 2 3 4 5 6 0+n
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1
2
3
4
5
6

3.74
13.47
22.58
28.24
25.10

6.87

Urban
development

Development in
watershed (%)

Hydrology
(flashiness) Water chemistry

(specific conductance)
Habitat

(substrate)

Generic richness
(number of taxa)

Filter feeder 
(relative abundance)

Plecoptera + Ephemeroptera
(P+E)(relative abundance)

Biological Condition
Gradient (BCG)

Likelihood of
attainment (%)

BCG
Tier

Probability of
occurring (%) Probability of

occurring (%)
Probability of
occurring (%)

Probability of
occurring (%)

Probability of
occurring (%)

Probability of
occurring (%)

Urban
   category 

Percentage of
watersheds

Factor
level

Factor
level

Factor
level

Factor
level

Factor
level

Factor
level

0-7
7-31
> 31

33.33
33.33
33.33

Fine
Coarse

16.83
83.17

Low
Medium
High

40.82
25.73
33.45

Low
Medium
High

Low
Medium
High

15.00
55.00
30.00

Low
Medium
High

28.44
45.49
26.07

Low
Medium
High

38.02
40.61
21.37

Low
Medium
High

29.91
44.47
25.62

Figure 2–1. Prior Northeast Bayesian network. [Probabilities are represented as percentages, numerically and graphically 
(horizontal colored bars).  Factor levels are defined in table 3.]
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1
2
3
4
5
6

1.67
23.04
15.37
26.72
22.07
11.13

Hydrology
(flashiness) Water chemistry

(specific conductance)
Habitat

(substrate)

Generic richness
(number of taxa)

Filter feeder 
(relative abundance)

Plecoptera + Ephemeroptera
(P+E)(relative abundance)

Biological Condition
Gradient (BCG)

Likelihood of
attainment (%)

BCG
Tier

Probability of
occurring (%) Probability of

occurring (%)
Probability of
occurring (%)

Probability of
occurring (%)

Probability of
occurring (%)

Probability of
occurring (%)

Factor
level

Factor
level

Factor
level

Factor
level

Factor
level

Factor
level

Fine
Coarse

0.00
100.00

Low
Medium
High

33.33
33.33
33.33

Low
Medium
High

13.33
56.67
30.00

Low
Medium
High

0.00
66.67
33.33

Low
Medium
High

16.67
23.33
60.00

Low
Medium
High

36.67
50.00
13.33

Urban
development

Development in
watershed (%)

Urban
   category 

Percentage of
watersheds

0-7
7-31
> 31

33.33
33.33
33.33

Low
Medium
High

Figure 2–2. Data-only Northeast Bayesian network (uninformed prior updated with data). [Probabilities are represented as 
percentages, numerically and graphically (horizontal colored bars). Factor levels are defined in table 3.]
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