NODE DEFINITIONSAND COMMENTSFOR THE BAYES AN BELIEF NETWORKS
USED TO EVALUATE THE AQUATIC TRENDSFOR THE SDEIS

The following materids provide documentation for each node in the belief networks used in our
anadysis. Each node and the associated states are defined. Comments provide background on the
logic and sources of information used to estimate ether the direct inputs and their probabilities (root
nodes) or the conditional probabilities linking the parent nodes and the node of interest. Seethetext for
the generd logic and structure of the modd.

Twelve different models were actudly used in the andyss. All of the models used the same Structure
and information to characterize aguatic habitat capacity (fig. OV-1a), but the conditional probability
tables for severa nodesin this portion of the network were estimated for both 10 year and 100 year
scenarios (as shown below). The probabilities for aquatic habitat capacity were caculated for every
subwatershed in the first stage of the andlysis for both 10 and 100 years. Digtinct models were used for
each of the 6 sdlmonids consdered in the andysis. The Structure of the models for anadromous
sdmonids (stream type chinook salmon and steehead) (fig. OV-1c¢) differed from the structure of the
models used for non-anadromous salmonids (fig. OV-1b). The former included the influence of migrant
surviva and the latter included a node that represented community change rather than just exatic threst,
and a node that represented connectivity with adjacent subwatersheds. The differences are discussed
in the node definitions and comments. The anadromous and non-anadromous models shared the same
conditional probabilities among their respective species except for the link with future population status.
The conditional probabilities for that node were estimated independently for each species.

The 10- and 100-year networks are based on several broad premises that relate hydrologic and
geomorphic response to disturbance. Theseinclude:

1) A decreasein ground cover and vegetation density isalikely consequence of timber harvest or fire,
and leads to an increased likelihood of erosion and sediment production.

2) Severe wildfires are likely to induce soil water repellency, decrease soil infiltration capacity, and
increase the likelihood of erosion on burned areas, and floods and debris flows in small watersheds.

3) Decades of fire suppression have increased the likelihood that severe fire effects will occur in some
vegetation types, and vegetation treatments can reduce this risk.

4) Roads re-route and concentrate water, compact soils and result in some steeper dopes, increasing
the likelihood of erosion and sediment ddlivery. Road obliteration can reduce this likelihood.

5) Improper grazing practices increase erosion, lead to vegetation change, and can cause long-lived,
detrimental changesin stream channdl geometry.

The prior history of disturbance in awatershed isimportant in determining how the watershed will
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resoond to new disturbance. Effects diminish with time, but are cumulative.

Road Density

Definition:
This node characterizes road density (mi™) into one of three classes. The Landscape Team
provides Road dengity information based on ownership within eech subwatershed. Refer to their
documentation on how road density iscalculated. They provide 10-year trend (up, down, stable)
and class for current (base) and the 100-year prediction. The output from their variable is 7
classes that we have collgpsed into 3 classes.

States:
Low: O-<0.7mi?
Medium:; 0.7-1.7 mi*
High: > 1.7 mi*

Comment: The 10-year trends in our Bayesian Network is problematic because changes are not large
enough to produce differencesin the probabilitiesamong road classes. Our model sreflect notrendsrelated
to changesin road dengdtiesat 10 years.

Slope Steepness

Definition:
This node characterizes a subwatershed as being in one of three dope steegpness classes. Slope
Steepness classes are calculated using arule set for the landscape variables SLOPE4X and
SLOPELX. SLOPE4X isthe proportion of area (based on 1 km grid point estimates) in a
subwatershed that has dopes greater than 50 percent, and SLOPELX is the proportion with
dopes more gentle than or equd to 10 percent. The rule set for generating the classesis: If
SLOPE4X > 10, then Steep. If SLOPE1LX > 60, then Gentle. If SLOPE4X > 10 and
SLOPE1X > 60, then Steep. All other is Medium.

States:
Gentle: More than 60 percent of subwatershed area has dope gradients < 10 percent.
Medium: Lessthan 60 percent of subwatershed with dopes < 10 percent and lessthan 10
percent of subwatershed with dopes steeper than 50 percent.
Seep: More than 10 percent of subwatershed area has dope gradients > 50 percent.

Comment: Thisrule set was efficient a discriminating amnong the three dasses; only 9 subwatersheds
had values of SLOPE4X >10 and SLOPE1X >60. We generated a map of the dope steepness
classesfor the entire basin, and queried various areas (both sub-basin and subwatershed) that we are
familiar with to see thet the rule set performsin alogica métter.
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Road Disturbance

Definition:
The Road Disturbance variable characterizes both areal ground disturbance based on the
relationship between road density and dope steepness described by Megahan (1976), and
accelerated erosion and sediment delivery from roads as they are affected by dope and bare
ground.

States:
Low: Low road disturbance will result in erosion rates that over the long term (decades) are
sufficiently low that increases in road-caused sediment delivery to the main channd are not
detectable.
Medium: Medium road disturbance causes detectable changes in delivered sediment, that,
over the long term, average < 2x naturd sediment ddlivery.
High: High road disturbance causes long-term measurable increases in road erosion & levels >
2x naturd sediment delivery to the main channdl.

Comment: Areadisturbed per unit length for aroad increases exponentidly as Sdedope angle
increases. Information on the probability distribution of dope stegpness within subwatershedsis not
available, so the Road Disturbance node is based on expert opinion about the interaction of the road
density and dope stegpness classes. In addition to increased amount of disturbed area per unit length of
road, the road disturbance node incorporates expert opinion about increased road erosion on disturbed
land with increasing dopes, increased likelihood of groundwater interception as dopes increase
(Megahan 1972), and increased transport distance and ddivery efficiency as dopesincrease (
Ketcheson and Megahan 1996; Megahan and Ketcheson 1996). Three experts (Hydrologist,
Geomorphologist, Soil Scientist) parameterized thisnode. Uncertainty inherent in this node includes
road congtruction or obliteration timing, variaion in road design and construction practices, and lack of
information on the spatid relationship between road location and dope stegpness.

Road_Dist
Road D Slope_S Low Mod High

Low G 80 16 4
Low M 73 19 8
Low S 58 26 16
Mod G 48 39 13
Mod M 33 48 19
Mod S 13 42 45

Hi G 22 53 25

Hi M 17 40 43

Hi S 4 14 82







Ground Disturbance I ndex

Definition:
Ground Disturbance Index is the Landscape Team's estimate of “ uncharacteristic soil
disturbance resulting from prescribed activities that disturb vegetation, litter and wood that
provide soil cover”. The effects are limited to those occurring from timber harvest and
prescribed fire, and do not include road, wildfire and grazing disturbances.

States:
Low: 0to 0.05
Medium: >0.05t0 0.15
High: >0.15

Comments: A team of four experts (hydrology, soil science, geomorphology disciplines) set class
breaks at 0.05 and 0.15 after gpplying the Landscape Team equation for calculating this variable for
two hypothetica cases. In setting those bresks, we assumed that two levels of harvest take place: 10
percent and 25 percent (by areq) are harvested using tractor and helicopter yarding methods. Based
on avariety of published data (Chamberlin and others 1991; Clayton 1981), we fed that 10 percent
area harvested by helicopter represents low soil disturbance whereas 10 percent tractor harvest
represents medium soil disturbance. At the higher level, 25 percent by helicopter should be medium
and, 25 percent by tractor should represent high soil disturbance.

We chose prescription P3 and A3 to represent tractor logging and helicopter logging, respectively.
Using the equation provided to us dated March 25 (file: var22.wpd), prescription P3 returns a vaue of
0.9 and A3 returns avaue of 0.3. When multiplied by the proportion of the watershed harvested,
helicopter at 10 percent = 0.03; helicopter at 25 percent = 0.075; tractor at 10 percent = 0.09; and
tractor at 25 percent = 0.225. Based on those numbers, we chose class breaks for Uncharacteristic
Soil Disturbance at 0.05 and 0.15.

On May 6 we received adightly different formulation of the equation for calculating Uncharacterigtic
Soil disturbance. Using our same assumptions of proportion harvested and P3 and A3 as representing
tractor and helicopter yarding, we calculate: helicopter at 10 percent = 0.05; helicopter at 25 percent =
0.125; tractor at 10 percent = 0.11; and tractor at 25 percent = 0.275. Since these calculations fall
into the same classes using the breaks at 0.05 and 0.15, we chose to maintain those breaks. Ground
disturbance index assumes no uncertainty in the sate estimated by the landscape team (i.e. the
probability of a ground disturbance state was 1.0 for the class encompassing the estimates).



Standards and Guides

Definition:

States:

Standards and Guides include the management direction in the SDEIS, Chapter 3 for FS'BLM
lands and exigting land and water use regulations and aquatic habitat restoration gpplied to non-
federd lands. That direction will influence the disruptive or rehabilitative neture of the activities
affecting aguatic habitat in the Basin. We consider only the sandards and guidesthat are likely
to influence the sediment and hydrologic regimes and riparian function, including shading,
filtering of sediments, surface-ground water interchange, large and fine organic debris
recruitment, and bank condition. The eements of standards and guides that are considered
relevant to these processes include riparian buffers, watershed management designations (e.g.,
“key” and “priority” watersheds) where aguatic protection and restoration receive additiona
emphas's, planning and andysis, such asEAWS and subbasin review, that can help insure that
activities are gppropriate, minimize any adverse effects, and maximize benefits of restoration;
monitoring that insures continuing refinement of management. Standards and Guides are
summarized into the following three dates.

High maintenance/restoration: New activities and restoration are properly sited through
subbasin and/or watershed andysis. Habitats important for aguatic species (e.g., maintenance
of strong populations, aquatic biodiversity, areas of high quality habitat) are conserved, and
watersheds degraded from past activities are being restored. Riparian buffers encompass the
area afecting riparian function. The disruptive effects of activities are largely mitigated. New
and ongoing activitieswill not likely impair watershed processes and will not retard the recovery
of watershed processes or riparian function. Passve and active aguatic restoration measures
will accelerate recovery beyond that expected with no activity. Aquatic conservation and
restoration are implemented rapidly but planned strategicaly, monitored, and evauated.

Moderate maintenance/restoration: Standards and guides result in some mitigation of new
activities. However, they are not fully or properly implemented. The disruptive effect of new
activities and reduced levels or rates of restoration, andysis, planning, implementation, and
monitoring of conservation and restoration may lead to impairment in some areas or may dow
recovery as much as 2x that expected under high maintenance/restoration.

Low maintenance/restor ation: Standards and guides do not result in significant mitigation of
activities and do not produce a positive trend in recovery because they are inadequate or
poorly sted and implemented. The disruptive effect of activities and low levels of andyss,
planning, restoration, and monitoring will leed to further impairment or dow recovery by more
that 2x that expected under high maintenance/restoration.

Comment: Probabilities were estimated for the three states of this node defined for describing the
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direction in the SDEIS dternatives related to maintaining and restoring aquatic habitat. Probabilities
were assigned for current condition, 10 years, and 100 years. Discrete aguatic management scenarios
based on the aternatives were devel oped that could be applied to each 6 code subwatershed (see
attachment A). Where the management for a given subwatershed consisted of more than 1 scenario
(e.g., amix of private and FS/BLM lands), the probabilities were averaged based on the weighted area
for each scenario.

CURRENT CONDITION

HI MOD LOW
Alternative Scenario Maint./Rest. Maint./Rest. Maint./Rest. Total
1. Wilderness 90 10 100
8. Selway/Salmon BO 41 36 23 100
9. Priority 39 35 26 100
10. PACFISH/INFISH Key BO 34 30 36 100
12. Roadless/S1 65 35 0 100
23. INFISH 15 35 50 100
24. BLM--no INFISH 5 48 47 100
25. Non-fed., TE 1 24 75 100
26. Non-fed., non-TE 0 20 80 100




10YR

HI MOD LOW
Alternative Scenario Maint./Rest. Maint./Rest. Maint./Rest. Total
1. Wilderness 90 10 100
2. A1/S2 80 20 100
3. A1/S3 75 25 100
11. Roadless/S2 65 35 100
12. Roadless/S1 65 35 100
13. Roadless/S3 65 35 100
4, A2+rest./S2 45 42 13 100
5. A2+rest./S3 39 40 21 100
14. S2 base, ag. rest., TEP 37 31 32 100
8. Selway/Salmon BO 43 36 21 100
9. Priority 41 35 24 100
15. S2 base, ag. rest., non-TEP 32 34 34 100
6. A2, no rest./S2 36 45 19 100
10. PACFISH/INFISH Key BO 36 30 34 100
16. S2 base, non-aqg. rest., TEP 33 30 37 100
7. A2, no rest./S3 31 40 29 100
20. S3 base, aq. rest. 25 35 40 100
17. S2 base, non-ag. rest., non-TEP 29 32 39 100
18. S2 base, no rest., TEP 30 30 40 100
19. S2 base, no rest., non-TEP 26 33 41 100
22. S3 base, no rest. 20 35 45 100
23. INFISH 15 35 50 100
21. S3 base, non-aq. rest. 18 34 48 100
24. BLM--no INFISH 5 48 a7 100
25. Non-fed., TE 2 26 72 100
26. Non-fed., non-TE 1 19 80 100




100 YR

HI MOD LOW
Alternative Scenario Maint./Rest. Maint./Rest. Maint./Rest. Total
1. Wilderness 90 10 100
2. A1/S2 80 20 100
3. A1/S3 75 25 100
11. Roadless/S2 65 35 100
12. Roadless/S1 65 35 100
13. Roadless/S3 65 35 100
4, A2+rest./S2 55 35 10 100
5. A2+rest./S3 48 36 16 100
14. S2 base, aq. rest., TEP 50 35 15 100
8. Selway/Salmon BO 47 37 16 100
9. Priority 45 35 20 100
15. S2 base, ag. rest., non-TEP 45 35 20 100
6. A2, no rest./S2 40 45 15 100
10. PACFISH/INFISH Key BO 40 30 30 100
16. S2 base, non-ag. rest., TEP 40 30 30 100
7. A2, no rest./S3 35 40 25 100
20. S3 base, ag. rest. 35 35 30 100
17. S2 base, non-aq. rest., non-TEP 35 30 35 100
18. S2 base, no rest., TEP 30 30 40 100
19. S2 base, no rest., non-TEP 26 33 41 100
22. S3 base, no rest. 20 35 45 100
23. INFISH 20 35 45 100
21. S3 base, non-agq. rest. 15 30 55 100
24. BLM--no INFISH 5 48 a7 100
25. Non-fed., TE 5 30 65 100
26. Non-fed., non-TE 2 19 79 100



For the current condition we used the scenarios for S1 (the no action dternative). For 10 yr
probabilities for S2/3 scenarios in subbasins identified as integrated restoration priorities, we took the
difference between the 100 yr probabilities for scenarios with and without aquatic restoration and
assigned 1/3 of the increase for the 10 yr vaue, assuming a least 2/3 of the improvement due to
restoration would occur from 10 yr to 100 yr. For the PACFISH/INFISH restoration areas (scenario
8, 9, 10) and A2 outside restoration priority subbasins, we assumed there would be approximately 1/3
of the restoration activities occurring in the integrated restoration priority subbasinsin S2/3 and 1/3 of
that would occur during the first 10 yrs and 2/3 would occur from yrs 10-100. We aso assumed that
in S3, non-aquiatic restoration areas probabilities for the HI state would actudly be higher in 10 yr than
in 100 yr since the increased levels of non-aquatic restoration activities would be accompanied by less
planning, andlys's, and mitigation. Except for A2, probabilities for other scenarios outside of restoration
prioritiesfor S2/3 remained the same for dl 3 andyss periods. We dso assumed adight increase in Hi
and MOD gatesfor 10 and 100 yrs on non-federa land, most of which would occur in hucs with
listed species.

Adverse effects of activities in wilderness on aguatic habitats are primarily limited to recreation, fire
management, and light livestock grazing, in some areas. We assumed effects of fire and grazing
management would be captured in the landscape variables used to modd the firefflood and grazing
effects on habitat condition.

We assumed areas outside of designated wildernessincluded in MACs 1 and 2 (e.g., wilderness study
aress), which were assigned the same conditiond probabilities as desgnated wilderness, will not be
used for activities that could reduce their capacity or function as aquatic habitat.

Probabilities of HI were lower for A1 than for wilderness because of higher levels of ongoing activities
and uncertainties concerning how those areas were initialy identified and subsequently adjusted.
Designation of A1/2s under S3 are subject to an arbitrary acreage limitation. If the acreage of
subwatersheds that meet the criteriafor A1/2 exceeds the limitation, no direction is provided in the
SDEIS for selecting those included in the network. We assumed that subwatersheds managed as A1/2
would be accurately assgned and meet the criteria as described.

Thereis greater uncertainty regarding the effectiveness of restoration in A2 subwatersheds and other
aquatic restoration priority areas compared to conserving exigting high quality aguatic habitat (e.g.,
wilderness, A1, roadless). That is, there is more certainty that high quality habitats can be conserved
than there is in achieving restoration objectives for aguatic systems.

Effects of T watershed and old forest management on aquatics would be expected to be more similar to
A2 than base levd. However, the area within a subwatershed that would be managed for T or old
forest objectivesis uncertain.  We assume base level management objectives and standards for
aquaticswould gpply to T and old forest areas. Any differencesin activities in those areas would be
reflected in the landscape prescriptions affecting related landscape variables (e.g., bare ground,
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grazing).

Probabilities of HI for roadless areas outsde of Alswere lower than for Als because they were not
specificaly identified as agquatic emphasis areas. We assumed interim FS direction for roadless areas
will be replaced by comparable long-term direction for FS lands. That direction primarily restricts road
building but does not change the management dlocation. For example, timber harvest and other uses
could still occur but would rely on access not dependent on new roads. However, the landscape
prescriptions used for roadless areas included only prescribed fire and grazing. Base leve (S2, S3) or
existing standards (e.g., PACFISH/INFISH) would apply to activities other than road building that
occur in roadless areas outside of Als. We assumed that current roadless areas on BLM will remain
roadless.

Integrated restoration priorities are identified a the subbasin scale. The leve of increased aquatic
restoration and the specific subwatersheds where it will occur is uncertain. For modeling we assumed it
would be proportiond to the overal increase in funding for integrated restoration priority subbasins and
that it would apply to al subwatershedsin the subbasin. Probabilities for benefits to aquatic species
and habitats in integrated restoration subbasins will be higher in subbasins identified as priorities for
aqueatic restoration.

We assumed landscape restoration can have long-term beneficia effects on aguatic species. Although
there will be higher levels of landscape restoration and resulting higher risks of short-term effects to
aquaticsin priority retoration subbasins, management area designation (i.e, A2 and TEP) and andysis
and planning prior to restoration will reduce that risk compared to non-A2, non-TEP or non-restoration
priority hucs. Thereisaso higher probability of restoration being effective when preceded by subbasin
review/andysis and EAWS.

We assumed that subbasin review and EAWS would be necessary to effectively manage and integrate
a drategic approach to sustaining or restoring the complex resource, landscape, and socio-economic
conditions within a subbasin. We congdered that the information developed through subbasin review
and EAWS provides the strategic focus and transparent logic from which multiple projects would be
coordinated.

The ownership patternsin most of the subbasinsin the Project area are skewed toward private
landowners controlling the water and valeys. Thus, important fish habitats, riparian aress, and
subsurface flows are in private ownership. Improving water quality and restoring riparian function and
aquatic habitat will of necessity be a shared responsbility. Subbasin review and EAWS are the
foundation for awatershed and landscape restoration management system more gppropriate for

today’ s ecologica, socia, and economic chalenges. On this foundation subbasin or watershed councils
can effectively plan, coordinate, complement, and monitor actions and can address socio-economic
issues.

Under &2, subbasin review was required to be completed in dl integrated priority subbasins within 2
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years and dl remaining subbasins within 5 years. We assumed EAWS would be completed for 50
percent of the triggered areas (e.g., potentid effects on listed species and integrated restoration
subbasing) within 5 years and dl remaining watersheds within 13 years. The rate and frequency of
subbasin review and EAWS would be lower. Subbasin review is not accelerated in integrated
restoration priority subbasins, EAWS would cover 1/3 of the watersheds within 10 years, and there are
no specific triggers for EAWs. Under S1, EAWS and subbasin review are required at arate of 1
each/year/adminigtrative unit (e.g., nationa forest) in PACFISH Key watersheds and INFISH Priority
watersheds containing listed species and some containing westd ope cutthroat. EAWS is aso required
prior to ground disturbing activities in priority watersheds of listed species where they have been
identified.

We assumed that implementation of roads analyss and the water quaity protocol would correspond
with occurrence of EAWS (4/21/99 memo from S. Kozdl).

Priority watersheds include those designated for Snake River steelhead and chinook, upper Columbia
steelhead, and a proxy for bull trout using current distribution. Because al subwatersheds with known
bull trout distribution are classfied as priority watersheds, bull trout subwatersheds are not truly
prioritized for conservation and restoration.  Priority watersheds for mid-Columbia steelhead and
upper Columbia chinook have not yet been designated. Fifth code hucs occupied by listed Klamath
basin Logt River and short nose suckers, recently listed mid-Columbia steelhead and upper Columbia
chinook, and other listed species were modeled as PACH SH Key/INFISH Priority BO watersheds
under dternative S1.

Except for EAWS triggers, management direction for TEP species outside of the A network does not
differ substantidly from base levd (i.e., no additiona BO requirements for S2 and S3 are assumed).

Subwatersheds managed under base leved (S2, S3), PACFISH/INFISH Key BO, and INFISH, and
BLM scenarios will tend to have predominately moderate-low current habitat conditions since areas
managed under the wilderness, roadless, and A1 scenarios will be more likely to have higher quaity
current habitat conditions. Habitats that are currently low qudity will be more difficult to restore and
take substantialy longer to restore than habitats currently in moderate condition that dtill retain the
components of functiona watersheds. Forested subwatersheds can generaly be restored more rapidly
and extensvely than more arid, rangeland habitats.

We assumed explicit standards based on ecological performance measures provide greater certainty
that direction will be understood and implemented consistently. Performance measures include
quantifiable biologica or physica processes or capacities related to riparian compostion and Structure
or water quality, for example. If the overadl god isto maintain or restore natural ecosystem processes,
then some performance measures are needed that can be used to indicate if the current trend is moving
in the desired direction (Sedell and others 1997). Outcome-based direction provides greater flexibility
to tailor management to the situation and potentialy grester ownership of the meansto achieve
objectives but requires increased oversight and monitoring to insure compliance and consstency. We
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assumed specific, explicit sandards would be more readily understood initidly and, therefore, initia
compliance would be higher and ecologica objectives achieved more repidly.

Default riparian conservation areawidths vary among the dternatives and scenarios with corresponding
varying degrees of protection of riparian function, assuming Smilar management within the RCA. All
scenarios for federd lands have a default RCA for fish-bearing streams of gpproximately 2 ste-
potentid tree heights. S2 provides the most extensive default RCAS, including 2 ste-potentia tree
heights for non-fish-bearing perennia streams, 1 ste-potentid (sp.) tree height for intermittent streams,
and ariparian influence areas for al streams designed to further reduce sediment trangport in the area
adjacent to the RCA with increasing dope. Priority and key watersheds (S1) have a 150 ft. or 1 sp.
tree height RCA for non-fish-bearing perennial streams, 100 ft. (somewhat less than 1 sp. tree height)
for intermittent streams, and no riparian influence area designation. RCAs for INFISH areas outside of
key and priority watersheds and for S3 are similar and the least extensive on federd lands: 150 ft. or 1
s.p. tree height for non-fish-bearing perennid streamsand 50 ft. or %2 sp. tree height for intermittent
dreams. A 1 sp. tree height RCA provides little margin for uncertainty (NRC 1995; Seddll and others
1997) and less than 1 s.p. tree height RCA would not provide for full ecologica function (Seddl and
others 1997). S3 does include ariparian influence area desgnation on intermittent streams.

The appropriate Sze of RCAs s dependent on Site specific characteristics, watershed influences, and
consideration of activities that are occurring there. PACH SH/INFISH provide somewhat greater
flexibility to deineate RCASs appropriate for the Ste snce RCAs can be modified through EAWS,
project anadysis, or consultation where listed species occur. S2 and S3 require EAWS, LMP revisons
or other programmatic plans for modification of default RCAs, consequently, it islikely that defaults will
be used particularly for S3, which has alower rate and frequency of EAWS.

Objectivesfor S2 and S3 (R-O25) recognize potentia conflicts and risk trade-offs of forest health
restoration activitiesin riparian vs. upland aress.

Increased conservation and restoration are anticipated in some areas outside of FS'BLM where listed
species occur (e.g., Oregon Plan, Lemhi model watershed).

Mining could adversdly affect aquatic habitat condition under al dternatives, but there were inadequate
data to determine its potential effectsin a spatial context.

Monitoring and adaptive management are important consderations in the evauation of the dternatives.
However, they were assumed to not differ substantialy acrossthe dternatives. That is, we did not
specificaly mode adverse nor improved conditions based solely on the way monitoring or adaptive
management would be applied in any one dterndive.

We assumed fidd unitswill be staffed with adequate aguatic expertise to effectively implement andyss,
conservation, and restoration direction.
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Other differences among scenarios that were considered in assgning probabilities are described in
Attachment A.

Sediment

Definition:

This node characterizesthe probability that accel erated sediment will be delivered to astream, and
was parameterized by a pand of sx people with expertise in hydrology, soil science, and fluvid
geomorphology. Thecentral concept for Low Sediment isthat it is< 20 percent over natural (1.2x
naturd). Thebassfor thisisthat thereislargenaturd variation in sediment yields, such thet it takes
gpproximately that much of asustained increase in sediment yield to detect agtatisticaly significant
change in response to a disturbance by logging, fire, or roads based on retention dam sampling.
Suspended sediment increases may need to be higher to detect sgnificant change. Medium
sediment is 20-100 percent over natura (1.2x to 2x). The basisfor the 2x bresk isthat thislevel
of increase will generdly result in bed morphology change such aspoal filling and increased cobble
embeddedness.

States:
Low: Acceerated sediment delivery to main stream is< 1.2x natural.
Medium: Accderated sediment delivery is between 1.2x and 2x naturd.
High: Accederated sediment ddivery is> 2x naturd.

Comment:  Severd assumptions were discussed and generdly agreed on by the pand including the
fallowing: (1) ground disturbance from fire and timber harvest is short-lived (severd years) and recovers
to naturd leves, (2) in contrast, ground disturbance from road congtruction never recovers completely
during thelife of the road; and (3) thereare no methods availableto completely mitigate roads. Therewas
a large amount of uncertainty among panel members regarding the interaction of the intent of High
Maintenance/Restoration and the presence of High Disturbance.

Grnd Stds & Road Sediment-Average
Disturb Guides Disturb Low Med High

Low High Low 91 7 2
Low High Mod 73 17 10
Low High High 62 23 15
Low Mod Low 74 20 6
Low Mod Mod 46 37 17
Low Mod High 27 44 29
Low Low Low 59 32 9
Low Low Mod 23 46 31
Low Low High 10 23 67
Mod High Low 85 10 5
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Mod High Mod 66 21 13

Mod High High 55 22 23
Mod Mod Low 61 30 9
Mod Mod Mod 38 42 20
Mod Mod High 18 44 38
Mod Low Low 46 37 17
Mod Low Mod 18 44 38
Mod Low High 6 20 74
High High Low 74 18 8
High High Mod 60 21 19
High High High 50 28 22
High Mod Low 49 36 15
High Mod Mod 29 40 31
High Mod High 16 38 46
High Low Low 35 44 21
High Low Mod 15 40 45
High Low High 3 17 80

Future Grazing

Definition:

Future Grazing isthe weighted average probability of severe grazing effect by dternative year, and
is provided by the Landscape Team. Severe grazing effect is defined as one that leads to a
successiona changein upland vegetation (i.e., the plant community will be fundamentally changed
by grazing). The Landscape Team's criterion for successiond change is when more than 20
percent dissmilarity exists compared to native vegetation. This variable incorporates projected
activity levelsand standards and guides asthey may influence upland grazing, but doesnot consider
management that may influence the riparian condition. It can be viewed only as an index of the
relative intengty of grazing with no modification by fencing or some cther riparian management
activity. The variableis anestimate of the mean probability of severe effect for the subwatershed.

States:
No: It is unlikely that severe grazing effects will lead to fundamental change in the riparian
community; the probability is 1-probability of an effect.
Yes: Itislikely that severe grazing effects will lead to fundamenta change.

Both states are probabilities.

Prior Riparian Condition

Definition:
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Prior Riparian Condition represents riparian habitat attributes including stream bank stability,
vegetation, channel geometry and wood recruitment capabilitiesthat have been influenced by prior
land management.

States:
None to Light: Past management has had no or little impact on riparian function.
Moderate to Heavy: Past management has resulted in measurable, significant impact on riparian
function.

Both states are probabilities.

Comment: Theimpact of future activities on riparian condition is strongly dependent on the current riparian
condition including vegetation status, bank stability, channd morphology, etc. There are no variables
available that provide that information at the subwatershed directly. Lee and others (1997) developed a
variable named management cluster (MGCLUS) that is a categoricd classfication of each subwatershed
based on past and present use, land ownership, land use life form (agriculture, range, or forest), etc. A
cluster andysi's procedure was used to identify 10 distinctive groupings of subwatersheds with smilar
properties. Six experts from the fields of range science, hydrology, soil science and fisheries science
provided estimates of the probability of beingin oneof the 2 classes(Noneto Light Disturbance, Moderate
to High Disturbance) based on attributes of the 10 clusters. Theseattributesincludeland type, management
area classfication, land ownership, areagrazed, and percent wilderness. The conditiond probabilitiesfor
the various clusters based on expert opinion are:

Cluster Name None to Light Moderate to High
Tribal Land 35 65
Private Agriculture 10 90
Private and BLM Rangeland 15 85
FS forest and range; mod. impact 25 75
NPS forest land 85 15
Private forest land 45 55
FS high impact; no grazing 40 60
BLM rangeland 15 85
FS-managed Wilderness 80 20
FS high impact; grazed 15 85

Riparian Condition

Definition:
Riparian habitat condition integrates changes from naturd conditions for five mgor physica
characterigtics. stream bank stability; abundance and type of vegetation; channel geometry (either
channd incison or widening); shading from vegetation; and the size and amount of wood recruited
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to the active stream channdl.

States:
Intact: Stream bank gability >85 percent compared to natural conditions, vegetation is
characterized as abundant and comprised of a hedthy, native, hydrophilic plant community; a
change in channd geometry is absent or very infrequent; naturd levels of shading have not been
ubgantidly altered (<25 percent); and natura levels of wood recruitment have not been
Subgtantialy atered.

Moderately degraded: Stream bank stability is 50-85 percent compared to natura; vegetationis
characterized as abundant but thereis 10 percent to 50 percent increase in non-hydrophilic plants
inthe plant community; achange in channe geometry islow to moderate; naturd levels of shading
have been moderately (25-50 percent) reduced; and natural levels of wood recruitment have been
moderately reduced by land management activities.

Highly degraded: Stream bank stability is< 50 percent compared to natural conditions; increases
of more than 50 percent of the plant community in non-hydrophilic plants, change in channdl
geometry is moderate to high; naturd levels of shading and wood recruitment have been severdly
(>50 percent) reduced by land management activities.

Comments. The conditiona probabilities for this node were estimated by five experts in the fields of
hydrology (2), soil science, range science, and geomorphology. Separate tables are constructed for 10-
and 100-year evauations because of the time-dependence of this node on prior riparian condition. The
Prior Riparian Condition, Future Grazing, and Standards and Guides influence this node. Future Grazing
is the only dynamic variable directly driving Riparian Condition, however Standards and Guides, which
condrain logging effects through buffer width, are used as aproxy for logging activity. We don't fed this
isaproblem for areas with high activity levels, however it could lead to overestimating effectsin agtuation
where S and G are weekly condraining (e.g., narrow buffers) but for which there islittle or no planned
activity. The experts assumed that the importance of the five characteristics and their response to
disturbance varies from watershed to watershed (ex. Some range watersheds don’t have a coarse wood
supply under natura conditions), and a highly degraded riparian condition isnot arare event. Some water
quality parameters including temperature, nutrients, and to some extent, dissolved O, areincluded in the
concept of riparian condition. Sediment is dedlt with explicitly in the variable Sediment. Other water
qudity attributeslike heavy metas, S*, pH, Al g, etc. arenot addressed in thismodel. Location: Electronic
copies of various iterations by al experts are located on C:\netica\netical.12\ripocomp.xls.

Prior 10 Yr Riparian Condition 100 Yr Riparian Condition
Stds & Future Riparian Mod High Mod High
Guides Grazing Condition Intact Degrad Degrad Intact Degrad  Degrad
High Mit No None-Light 75 20 5 78 18 4
High Mit No Mod-High 17 46 37 45 38 17
High Mit Yes None-Light 59 31 10 69 23 8
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High Mit Yes Mod-High 13 47 40 36 40 24
Mod Mit No None-Light 54 36 10 55 36 9
Mod Mit No Mod-High 13 49 38 30 43 27
Mod Mit Yes None-Light 47 40 13 45 41 14
Mod Mit Yes Mod-High 9 49 42 23 40 37
Low Mit No None-Light 45 40 15 32 47 21
Low Mit No Mod-High 7 47 47 13 42 46
Low Mit Yes None-Light 38 42 19 20 51 29
Low Mit Yes Mod-High 5 43 52 8 34 58
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Fireran

Definition:

The Fire Rain variable is a probabilistic estimate of the occurrence of uncharacteristic severe
wildfire and the coincident occurrence of a 40-year return interva of rain or smilar hydrologic
circumstances. Uncharacterigtic savere wildfire effects result from wildfires that have an above
average probability of burning more than 20 percent of the area of the subwatershed wildland
vegetation with effects outsde the norma range including: loss of litter, tree mortdity, and fire-
induced water repellency. This probability is provided by the Landscape Team. The phrase
“occurrence of a set of hydrologic circumstances is used here to capture possible scenarios of
precipitation and/or meting events combined with antecedent snowpack and soil conditions that
generate large amounts of overland flow.

States:
Yes. A firewith severe soil effects has occurred on 20 percent of the subwatershed, and a40-year
sorm/event has hit the areawithin 5 years of thefire.
No: That set of events didn’t happen.

Both states are continuous probabilities.
Note: thisis cdculated from an equation rather than from a probability table.

Comment: In both cases, the window of concern is the 50-year period prior to the andyss (10-year or
100-year). We usethe 10-year probability for uncharacteristic wildfirein the 10-year evauation. For the
100-year eva uation, weinterpol ate between the current and 100-year probabilitiesfor uncharacteriticfire,
using the 75" percentile value which is assumed to be the midpoint of the value over the 50-year period.
The 50-year evaluation period is based on an estimate of channel recovery as explained in the Flood
Variable.

Slope2

Definition:
Sope2 isthe proportion, expressed as a percentage, of the area of a subwatershed with dopes
steeper than 50 percent.

States.
Continuous variable outpuit.

Comment: Thisis the vadue of the variable SLOPE4X. Sope stegpness affects both the frequency and
meagnitude of debristorrentsby controlling the supply of materia to headwater channels, channel stegpness,
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dability of adjacent sdedopes, and peak discharge characteristics of the channe (Swanston 1991).
Edtimates of this variable were provided directly from existing ICBEMP landscape coverages for dl
subwatersheds.

Flood

Definition:
Thisis aflood event of sufficient magnitude that it is accompanied by one or more (typicaly
severd) debris torrents in headwater channels, resulting in widespread scour, deposition, and
riparian vegetation mortality. The receiving channd changes produced by debris torrents are
referred to here as achannel -reorganizing event, and may persist for centuries (Benda 1985). We
define the channd-reorganizing event here as of sufficient magnitude to subgtantidly dter channd
characterigtics throughout &t least athird of the channel network in the subwatershed.

States:
Yes. The flood event happened.
No: Theflood event did not happen.

Both states are continuous, interdependent variable outpuit.

Comments. Theflood event can happen either with or without prior uncharacterigticfire. If uncharacterigtic
fire has occurred, the size of the hydrologic event needed to result in aflood is smaller because of changes
insoil cover, infiltration capacity, root strength, and antecedent soil moisture conditions. We have et that
event as one having a return interval of 40 years (see above). Alternaively, a less frequent but larger
hydrologic event can result in the same flood and channd-reorganizing event. We have set the return
period for thisat 300 years. In addition, the probability of having dopes steeper than 50 percent influences
thisnode. If the subwatershed has no dopes stegper than 50 percent (i.e., Sope2 = 0), then thereisno
possibility of the flood in this model. For the flood without a prior uncharacteridtic fire, the probability
increases linearly and has a 1:1 reationship with the vaue of Sope2/100. Uncharacteristic wildfire
probability is postively correlated with dope, so thereisasomewhat greater likdihood that if afire occurs,
it will burn dopesthat are capable of generating aflood event. Thisinteractionismodeed asalogarithmic
function, and is described by the following equation:

Pr Flood Yes= Pr Fire Event Yes* log (Slope2 +1)/2

Exiging literature describing the recurrence of fire and non-fire related channe-reorganizing events is
gparse. Meyer and others (1995) indicate thet fire-related sedimentation eventsin Y elowstone Nationa
Park have occurred in cycles of 350-450 y in the late Holocene, whereas dluvid terrace deposits have a
much lower frequency of about 1300 years, and are probably related to climatefluctuaions. In contrast,
Swanston (1991) suggests arecurrence interva for debris avdanches and flows of sufficient magnitude to
affect fish habitat a 5 to 100 years in the Coast Range. Our observations in the Intermountain West
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suggest frequencies lower than the north Coast Range, but probably more frequent than that observed in
Yelowstone. While we have sdected 300 years, ranges from 200 to 500 are equally reasonable.

Aquatic Habitat Capacity

Definition:

States:

This node represents the amount and qudity, relative to potentid, of aquatic habitats necessary to
support the numbers, sizes or age classes, and life history types of samonids that historicaly
(before European settlement) have occurred within a subwatershed. Potentid implies the optima
portion of arange of habitat conditions that has been redized during the past. Aquetic habitat is
influenced by: (1) magnitude of increased sediment inputs relative to the mogt likely naturd levels
(sediment node); (2) condition of the riparian corridor relative to naturd levels (riparian habitat
node); and (3) occurrence of awidespread, channd-reorganizing, hydrologica event (flood node).
Sediment inputs affect both the amount of fine sedimentsin substrate interstices and the amount of
coarser particles, thereby redtricting interstitia flow of oxygen and reducing the volume of pools.
Riparian habitat condition influences the amount and types of off-channe and pool habitats, the
gzes and amounts of organic debris inputs (e.g., large wood), cover (e.g., undercut banks), and
shading. A large, channel-reorganizing event will typicaly result in extensive channd scour,
sediment transport and deposition, bank collapse, and largewood ddlivery, transport and log jam
formation. We condder a‘large’ event to be one that directly influences >33 percent of stream
network, including the mainstem, within a subwatershed.

Our definition implies that a range in habitat conditions is possible a any point in time and
recognizes that these conditions will vary through time with natural disturbance and vegetation
successon. We do not assume that optimum conditions aways will exist in the absence of human
activity. However, we assumethat asubwatershed wherethe sediment inputs, riparian habitat, and
hydrologic regime have not been subgtantialy atered by human activity will be more likely to
contain aquatic habitat conditions that are closer to optimum for indigenous salmonid speciesthan
in asubwatershed where one or more of these components have been consderably dtered by
human activity.

High: Sediment inputs and riparian conditions that influence the creation and maintenance of
sitable habitats for sdmonids have not been substantidly dtered or congtrained by human
influences. The likelihood of channe reorganizing events dso has not be changed. At the time of
evaudion, the subwatershed supports approximately 75 to 100 percent of the potentid habitat
capacity.

Moderate: Sediment inputs, riparian conditions and/or the frequency or likelihood of channel
reorganizing events have been significantly dtered by human activities such that, a the time of
evaluation, a subwatershed supports 50 to 75 percent of the potentia habitat capacity.
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Low: Sediment inputs, riparian conditions, and/or the frequency or likelihood of channd
reorganizing events have been sgnificantly dtered such that, a the time of evaduation, a
subwatershed supports less than 50 percent of the potentia habitat capacity.

Comments. Naturd patterns of disturbance and geomorphology resulted in amosaic of habitat conditions

across a subwatershed with some tributary streams, stream segments, or stream reaches supporting a
variety of habitats for saimonids. Although the range of possible habitats was dictated by geomorphic

etting, the observed habitat within thisrangewasaresult of natura disturbance and physica and biological

processes that influenced the supply and flow of sediments, coarse debris, nutrients, water and energy. The

higtorica patterns of disturbance and recovery and the resulting distribution, amount, and condition of

habitats suitablefor sdmonidsprovided adynamic and diversesuite of habitat conditionsthat wasimportant

to support the full range of sdmonid numbers, age classes, and life history types as well as the rdative

productivity and resilience of their population through time. Changesin watershed processesthat dter the

frequency, magnitude or duration of disturbance or the supply of materials important to the crestion and

maintenance of habitat may fundamentally dter both the potentid range of habitat types, and the patterns

of disturbance (Beechie and Bolton 1999). The result may be ether alimitation in the range of possible

habitats (i.e. habitat smplification) or a fundamental change in the timing or magnitude of events that a
species has adapted to through avariety of life history typesor drategies. Because disturbanceis naturd,

habitat conditions will not dways be optimal in any watershed. The number of subwatershedsin optimal

or productive conditions may be expected to decline, however, asthe processesthat influencethe creation
and maintenance of habitat are substantiadly atered or consrained. The conditiona probabilities for this

node were estimated by 6 scientists in the fidlds of fisheries (2), hydrology (2), geomorphology, and ol

science.

Ripo Aquatic Habitat Capacity
Flood Sed Condition High Moderate Low
No Low Intact 78 16 5
No Low Mod Deg 36 42 22
No Low High Deg 13 34 53
No Mod Intact 58 31 10
No Mod Mod Deg 23 43 33
No Mod High Deg 9 32 59
No High Intact 31 44 25
No High Mod Deg 16 34 50
No High High Deg 4 22 74
Yes Low Intact 43 34 23
Yes Low Mod Deg 15 41 45
Yes Low High Deg 5 23 71
Yes Mod Intact 25 43 33
Yes Mod Mod Deg 10 34 55
Yes Mod High Deg 4 18 79
Yes High Intact 13 37 51
Yes High Mod Deg 8 22 69
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Yes High High Deg 3 10 88

Exotic Threat

Definition:
This node characterizes the occurrence and relative status of introduced or exotic species,
forms or races that may influence the growth, surviva, abundance, genetic integrity, or
persistence of the species of interest. The exotic species consdered are defined independently
for each sdmonid considered in the analysis. We focused on those forms that have the highest
likelihood of effecting native sdmonids in spawning and rearing aress. Where multiple forms are
likely to occur we considered the probability of athreat to be the highest probability for any
sngle form.

States:
Yes. The sdlected introduced fishes are relatively abundant (in relation to the species of
interest), and broadly distributed or have the potentia to become abundant and well distributed,
throughout the subwatershed;
No: The sdlected introduced fishes are not present or are not abundant and occur only
sporadicdly throughout the subwatershed, conditions do not favor expansion throughout the
subwatershed.

Comment: We were selective in the exotic species considered as threats. We focused primarily on
introduced sdimonids. Because we are consdering only spawning and rearing habitat the overlgp with
many of the non- sdmonid exaticsislimited. An important exception may be with overlgp in the
digtributions of small mouth bass and chinook salmon and steelhead (Frissell and others, n.d.).

The exotic species we condder vary for each key sdmonid we modd. For bull trout we include only
brook trout which have been the primary species of concern in work to date (Rieman and Mclntyre
1993; Rieman and others 1997 ). Although introduced rainbow trout and brown trout may occur in
bull trout habitats there is rdlaively little information on the interaction between ether species and bull
trout. (Williams and Mullan 1992) and G. Haas (personal communication of unpublished data)
speculate that the overlagp in local digtribution and interaction between bull trout and rainbow trout is
grongly influenced by temperature. Because of at least partid segregation for some life stages with
thermal gradient and because rainbow trout and bull trout naturally co-exist in a portion of these
gpecies ranges we do not anticipate that the introduction of rainbow trout will have a strong influence
on bull trout. In any case thereistoo little information to speculate on the nature of that interaction.
Introduced brown trout do occur across the range of bull trout (Lee and others 1997) but there
appearsto berdatively little overlap in loca digtribution (Dambacher and Jones 1997). Againthereis
little information to judge the strength of any interaction.

For westdope cutthroat trout and Y éllowstone cutthroat trout we include introduced rainbow trout,
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brook trout, and cutthroat trout. Cutthroat trout clearly hybridize with rainbow trout (Lee and others
1997; Rieman and Mclntyre 1995). Consderable work is now focused on the competitive interactions
with brook trout and there is growing evidence that brook trout may negeatively influence cutthroat (e.g.,
Dunham and others, in press; Schroeter 1998).

For redband we considered introduced rainbow trout. For chinook salmon we considered hatchery
supplemented chinook salmon based on the interpretation of genetic integrity from (Lee and others
1997 ) brook trout, introduced rainbow trout, and small mouth bass. For steelhead we considered
hatchery supplemented steelhead as with chinook, brook trout, introduced rainbow trout, and smal
mouth bass (as with chinook).

The probability of an exotic occurring as* strong” was estimated through models devel oped for
categoricd dataandyss (CATDAT). Datafrom the USFS Region 1 data characterizing the status of
introduced slmonids was used to fit the modes. Predictive variables included the 5 code presence
from (Lee and others 1997 ) and other landscape variables sdlected by the models. For introduced
forms not included in the Region 1 data st (i.e., smalmouth bass; hatchery origin chinook salmon or
stedl head) we estimated the probability of athreat based smply on the occurrence in existing species
coverages Lee and others 1997).

Anadromous L oss (Non-anadromous Network Only)

Definition:
Thisisaroot node that characterizes the loss of anadromous fishes from the community
associated with each of the non-anadromous salmonids. Anadromous salmonids have been
extirpated from much of their former range and the loss may have important implications for
productivity, dynamics, habitat use, and behavior in the remnant community (Willson and
Halupka 1995) . Because this condition isimpossible in subwatersheds where anadromous
forms pers<t, this node is used only in the network for non-anadromous forms. Anadromous
loss cannot occur where these forms did not exist hitorically.

States:
Yes. Anadromous salmon or steelhead that once occurred in the subwatershed are no longer
present.
No: Anadromous salmon or steelhead il occur.

Comment: The state of anadromous loss was characterized from the known and predicted distribution
of anadromous salmonids as described in Lee and others 1997. Y es: the subwatershed iswithin the
higtorical range for stream type chinook salmon; ocean type chinook salmon, or steelhead and
anadromous access is how blocked or none of the anadromous forms gill occurs in the subwatershed.
No: At least one of the anadromous forms still occurs or the subwatershed or the subwatershed is
outside the historica range of anadromous salmonids.
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Community Change (Non-anadromous Network Only)

Definition:
This node summarizes information from the exotic threat, and anadromous loss nodes. It is
used to identify subwatersheds where a change in the aquatic community that may substantialy
influence growth, surviva, behavior, and ultimately the resilience of a fish population associated
with the subwatershed, has occurred. 1t is used only in the networks for non-anadromous
salmonids.

States.
Yes: An exotic threat exists in the subwatershed and/or the loss of an anadromous smonid has
occurred.
No: Neither of the above conditions exists.

Comment: The conditiona probabilities linking exotic threat and anadromous loss is defined by arule
st asfollows

Exotic Threat Anadromous Loss Altered Not Altered
Yes Yes 100 0

Yes No 100 0

No Yes 100 0

No No 0 100

Current Status

Definition:
Thisisaroot node with the probability for the current status of a population associated with
each subwatershed. The definitionisidenticd to that for future Satus. The characterization is
limited to subwatersheds that currently support or could support Spawning and rearing life
stages.

States:
Srong; Depressed; Absent; described as in future status below.

Source: The probabilities for current status were estimated for each subwatershed and each species
using CATDAT and the same data sets and generd approach outlined by Lee and others 1997. The
classfication trees used by Lee and others 1997 were dropped in favor of Nearest Neighbor approach
inthe CATDAT module because the latter models provide better out-of-sample classification success
rates.
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Potential Spawn/Rear

Definition:

States:

Source:

Thisisaroot node with the estimated probability that the subwatershed contains suitable
pawning and rearing habitat. 1t isbased only on environmental conditions independent of
habitat disruption or degradation from anthropogenic effects. This node informsLong Term
Potential and isincluded primarily to identify subwatersheds that represent potentid habitat for
apeciesthat currently may be absent. Subwatersheds that have an estimated probability of O
(i.e, none of the subwatersheds in the same predictive class support spawning and rearing) are
excluded from the andyss.

Potential: Genera environmental characteristics and stream habitat conditions (independent of
any anthropogenic effects) in the subwatershed are within the range of conditions suitable for
spawning and early rearing for the species of interest.

No Potential: Characteristics are not within the range suitable for the species.

The probabilities for Potentia Spawn/Rear were estimated usng CATDAT and the same

data sets and genera approach outlined above for Current Status. The variables used for prediction
were limited to those reflecting essentialy unchanging landscape characteridtics (i.e., climate, landform,

geology)

Refounding/Support

Definition:

States:

Thisisaroot node that informs Recovery Potential. Refounding/Support represents the
potentia for genetic and demographic support via digpersd from surrounding subwatershedsin
the loca subbasin. The sates are defined from genera assumptions about straying rates
(described below) and exigting information about the number of known or predicted strong or
strong + depressed  subwatersheds (sources) in the encompassing subbasin for the salmonid of
interest. For resdent salmonids the potentia sources include only other strong populations.
For anadromous salmonids the sources may include strong or depressed subwatersheds. The
difference is based on the overwhelming influence of migratory and corridor conditions on
anadromous salmonids and evidence that straying and gene flow among anadromous
populations substantialy exceeds that for nonanadromous forms (e.g., Gyllensten 1985).
Where populations persist, many depressed anadromous popul ations may recover quickly with
changes in ocean or migratory conditions, thus remnant depressed populations of anadromous
sdmonids may reflect a much better potentia for the genetic and demographic support among
subwatersheds than for non-anadromous salmonids.

High: More than 50 adult immigrants are expected in the subwatershed in the period of
evauaion.
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Moderate Three to 49 adult immigrants are expected in the subwatershed in the period of
evauation.
Low: Less than three immigrants are expected..

Comments. Smple rules of thumb suggest that an effective population Sze smdler than 50 adults may
result in substantia risk of inbreeding (Larkin 1981; Soulé 1980). We assume that anew (or
recolonized) population founded with fewer than 50 adults from a variety of sources, or a population
that has been through a serious bottleneck and receives new genetic materia from fewer than 50 adults
over the period of evauation may face an important risk of inbreeding or limited genetic variation.
Colonization may occur with far fewer fish and the benefits of gene flow with fewer fish cannot be
discounted. We conclude, however, that 50 adults is the minimal level necessary to mitigate the effects
of agenetic bottleneck and a rationa bound between high and moderate potential. Low becomesthe
point where refounding is unlikely and gene flow would be extremely limited or non-exisent. To
estimate the probability for the different states we considered both the number of potential sources and
the number of subwatersheds that might receive the emigrants from those sources. We made the
following assumptions: 1) digpersd was randomly directed (i.e,, dispersng individuas are equdly likely
to go to any subwatershed in the subbasin); 2) only “strong” non-anadromous populations are likely to
generate dispersing individuas, while both strong and depressed anadromous subwatersheds can
generate dispersing individuds, 3) straying rates average about 2 percent per year for al sdmonids
athough they may range considerably higher (e.g., Fontaine and others 1997; Labelle 1992; Talman
and M.C. Hedley 1994; R. Thurow, persona communication of unpublished datafor Y dlowstone
cutthroat trout) and are probably not uniform through time (the implication here is that Sraying
individuds are likely to be clustered in time); and 4) subwatersheds that produce dispersing individuds
support about 500 adults or produce an average of about 10 dispersing individuas per generation. To
estimate the refounding/support probabilities, we first estimated the total number of potentia
immigrants, M, for each subwatershed, i, by salmonid species as.

M; = Y*10*S/(T-1),

where Y isthe number of yearsin the evaluation period, Sisthe number of subwatersheds containing
strong ( + depressed for anadromous species) populations, excluding subwatershed i if srong, and T is
the tota number of subwatersheds in subbasin j. Refounding/support probabilities were then estimated
by assuming that the potential number of immigrants were distributed as a Poisson (i.e., random) with
an expected value M and cal culating the probakility of receiving at least 50, 2 to 49, or lessthan 2
immigrants for high, moderate and low dtates, respectively.

Connectivity

Definition:
Connectivity isaroot node that informs recovery potential. Connectivity reflects the
physica access (i.e., barriers to movement) as well as the relaive condition of the connecting
corridor necessary for dispersal among subwatersheds within the subbasin. Thisnodeis
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relevant only for resident (nonanadromous) forms because dl remaining anadromous stocks, by
definition, must occur in subbasins that retain connectivity in the mainstem corridor.

States:
Yes. Primarily subbasinsin category 1 and 2. The subwatersheds remain connected by a
maingtem suitable for movement, rearing, or overwintering of migratory forms.
No: Primarily subbasinsin category 3. The mainstem habitat conditions have been serioudy
compromised by water diverson, habitat degradation, or water quality issues, the introduction
and expansion of multiple exatic gpecies, or by impassable dams. The full expresson of
migratory life higoriesis not possble.

Comment: our interpretation of connectivity is based on subbasin categories from the HUC 4 data base
(see Lee and others 1997). Every subwatershed within a subbasin assumes the same value. Although
category 2 and 3 subbasins are largely differentiated by the condition of the mainstem (Lee and others
1997), we cannot conclude that the connection among dl subwatersheds is severed in category 3 so
we could not assume an absolute condition here. There are a'so subbasins in category 2 where some
subwatersheds codes are isolated at least seasondly, by water diversons or other effects (i.e,
Bitterroot subbasin, Lee and others 1997). For these reasons, we parameterized connectivity with
some uncertainty in the category 2 and category 3 subbasins asfollows:

Subbasin Category Yes No
Category 1 100 0
Category 2 75 25
Category 3 25 75
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Recovery Potential

Definition:

States:

This node represents the inherent potentia for the population associated with the subwatershed
or collection of subwatersheds to recover from depressed conditions including aloca
extinction. The nodeisinformed by Refounding/Support , Connectivity, and Potential Spawn
and Rear, and summarizes information on the potential for demographic and genetic support
from surrounding populations, the potential for a divergity of life-history srategies (i.e.,
resdent/migratory) that can stabilize populationsin the face of environmentd variation, and the
relative suitability as habitat (independent of anthropogenic effects). The intent isto identify
subwatersheds that have the potentia to support viable populations even though none may exist
there now, and subwatersheds with populations that retain genetic and life history
characterigtics important to resilience and an ability to recover from aloca depressonin
abundance.

High: The subwatershed contains suitable habitat (independent of any anthropogenic effects)
and has the potentia for regular immigration from surrounding populations that could result in
refounding or the genetic and demographic support necessary to mitigate any population
bottlenecks or founder effects within 50 years. Connectivity with the mainstem alows the full
expresson of migratory life histories.

Moderate: The subwatershed contains suitable habitat but the genetic and demographic
support from surrounding populations may be limited or occur sporadicaly because the number
and drength of surrounding populationsis consdered moderate.  Refounding in the case of a
local extinction is possble, but may take longer than under high because of fewer or wesker
sources. Connectivity with the mainstem may partidly redtrict migratory life histories.

None: The subwatershed contains habitat that is not suitable and cannot be refounded or it
contains suitable habitat and is isolated from surrounding populations and has no potentia for
natura genetic or demographic support or the full expresson of migratory life history. We
assume that active (human aided) dispersd as afunction of management will not be afactor in
the long term dynamics of these species.

Comment: in estimating the conditional probabilities for this node we assumed that recovery potentia
was influenced primarily by connectivity and by habitat potentia, and secondarily by refounding and
support. Subwatersheds that are not potential habitat cannot support spawning and rearing and cannot
be colonized so we assumed that recovery conditions must be none by definition. Connectivity will
influence the potentid for dispersa and demographic support, but aso the expression of dternaivelife
history patterns which may be particularly key in the persstence of loca populations. For this reason
we viewed the connectivity as particularly important (i.e., it effects both immigration and life history
expression). Where connection between a subwatershed and mainstem is severed, immigration is
impossible and the expression of some life history forms becomesimpossible or at least far more
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redricted. This serioudy limits the possihility for mitigation of a genetic bottleneck and excludes
recolonization following alocd extirpation. The loss of the life history pattern may dso serioudy
reduce resilience (e.g., Rieman and Clayton 1997). We conclude that refounding/support isirrelevant
when there is no connectivity (i.e., the probabilities for recovery potential do not change with
refounding/support). Lack of connectivity does not necessarily exclude the possibility of an interna
recovery where the population is only reduced to alow level. Some larger subwatersheds may support
some migratory life history within the system or may contain asmadl portion of alarger maingem. For
these reasons we retain some chance of moderate potentia even where connectivity is no.

Immigration should vary with the number and strength of the potentia sources where connectivity is
retained. Because we are rdatively uncertain about dispersd rates we remain uncertain about how
strongly the reduction in sources will influence the numbers of potentid immigrants or how to weight that
effect in rdation to the possble expresson of migratory life histories. By definition recovery potentid
could not be high if either refounding/support was low. Recovery potentiad aso could not be none if
potentia sources and connectivity exis. In that case, we assumed the best possible condition defined
high recovery potentid and split the probabilities more equaly (uncertain which state more likely) where
it was moderate.  The conditional probabilities for recovery potentia were estimated as follows:

RECOVERY POTENTIAL (non-anadromous)

Potential Spawn & Rear Refound & Support Connectivity High Mod. None
Potential High Yes 80 15 5
Potential High No 0 10 90
Potential Mod. Yes 50 50 0
Potential Mod No 0 10 90
Potential Low Yes 0 50 50
Potential Low No 0 10 90
No Potential High Yes 0 0 100
No Potential High No 0 0 100
No Potential Mod. Yes 0 0 100
No Potential Mod No 0 0 100
No Potential Low Yes 0 0 100
No Potential Low No 0 0 100

RECOVERY POTENTIAL (anadromous)

Potenial Spawn&Rear Refound & Support High Mod. Low

Potential High 80 15 5
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Potential Mod. 50 40 10

Potential Low 0 50 50
No Potential High 0 0 100
No Potential Mod 0 0 100
No Potential Low 0 0 100

Corridor Conditions (Anadromous Only)

Definition:
This root node summarizes the condition of the migratory path for anadromous salmonid smolts
and adults. Itisarule set characterizing the number of maingtem Snake and Columbiariver
damsthat occur in the migratory corridor for the species and subwatershed of interest.

States:
High: (0-2 dams).
Moderate: (3-5 dams)
Low: (>5 dams).

Comment: The Sates are based on an interpretation of anadromous smolt mortaity estimates a
maingem dams. Congtruction and operation of mainstem dams on the Columbia and Snakeriversis
considered the mgor cause of decline of anadromous fish (CBFWA 1990). Steelhead and adult
chinook sdmon are delayed during upstream migrations and smolts may be killed by turbines, become
disoriented or injured, making them more susceptible to predation; or become delayed in the large
impoundments behind dams (Bevan and others 1994; Chapman and others 1994b; IDFG and others
1990). Development and operation of hydropower facilities in the Basin has reduced salmon and
stedhead production by about 8 million fish: 4 million from blocked access to habitat above Chief
Joseph and Hells Canyon dams, and 4 million from ongoing passage losses at other facilities (NWPPC
1986). Passage losses are cumulative depending on the number of dams, steelhead and chinook
sdmon in the Basin must pass 1 to 9 dams. Losses of mid- and upper-Columbia chinook salmon were
estimated to be about 5 percent per dam for adults and 18 to 23 percent per dam for juveniles
(Chapman and others 1994b). Smolt-to-adult return rates decreased substantialy for both Snake River
steelhead and chinook sdlmon since 1969 when the Lower Snake River dam complex was constructed
and operated (Marmorek and others 1998).

We applied an estimate of 20 percent loss per dam for both juveniles and adults of a given brood year
to esimate the influence of the number of dams on surviva through the migration corridor. With two
damsin place, and 20 percent loss per dam, about 64 percent of migrating fish survive; we considered
zero to two dams to reflect high survivad of migrantsin the corridor. With three-to-five damsin place,
from 33 to 51 percent of migrating fish survive and we consdered this to reflect moderate survival.
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With more than 5 damsin place, less than 33 percent of migrants survive and we congdered thisto
reflect low surviva.

Ocean Conditions

Definition:
Reative productivity of the ocean environment in the area utilized by Columbia River Basin
anadromous salmonids. This node addresses the potential importance of the hypothesized
ocean cycde of productivity on migrant fish growth and survival.

States.
High: Ocean productivity is high and favorable for growth and surviva.
Low: Ocean productivity islow and unfavorable for growth and survival.

Comment: A growing body of evidence illugtrates that Pacific sdmon experience large annua
fluctuations of juvenile surviva in the marine environment (Hare and others 1999). These fluctuationsin
survival appear to beinfluenced by cyclesin ocean productivity and climate. Climate and ocean
productivity do not vary randomly over time, rather, they appear to oscillate (Beamish and Bouillon
1993), perhapsin a predictable pattern. It has been hypothesized that ocean productivity varies
nonlinearly in a40-60 year cycle (Lawson 1993; Lichatowich and Mobrand 1995; Ware and Thomson
1991). Factors influencing this cycle appear to be associated with coastal upwelling and large scae
climate changes that effect temperature, precipitation, and wind (Beamish and Bouillon 1993; Ware and
Thomson 1991). We considered this node to be uninformed because of two inherent uncertainties.
Fird, the cycle of ocean productivity is based on a hypothesis thet to date has not been clearly
confirmed. Second, even if we assume the cycle does occur, we remain uncertain where we currently
arein the cycle trgectory and where the cycle may move in the future. As aresult, we parameterized
the high and low states equdly as 0.5, 0.5.

Migrant Survival (Anadromous Only)

Definition:
Rdative surviva of migrant fish from the time they depart their natd subwatershed to the time
they return. Migrations may be associated with rearing or overwintering. This node reflects the
need for anadromous salmonids to have open access and favorable migration conditions to
areas much larger than a single subwatershed in order to complete their life cycle and it
addresses the influence of ocean conditions on smolt-to-adult growth and survival. The
corridor conditions and ocean conditions nodes influence this node.

States.
High: For agiven brood year, surviva of migrants back to natal areas is sufficient to more than
replace the number of adults that produced those migrants.
Moderate For agiven brood year, surviva of migrants back to natal areas replacesthe
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number of adults that produced those migrants.
Low: For agiven brood year, surviva of migrants back to natd areas failsto replace the
number of adults that produced those migrants.

Comment: If high corridor conditions exis, the most likely condition of migrant surviva would be for
the population to more than replace itself (High). This was judged to be the case regardless of whether
ocean conditions were high or low. High ocean conditions, however, were judged to increase the
likelihood of high migrant surviva compared to low ocean conditions. With moderate corridor
conditions, the most likely condition of migrant survival was to replace itsdf (M oderate), followed by
High. As noted above, high ocean conditions were judged to increase the likelihood of high migrant
survival compared to low ocean conditions. With low corridor conditions, the most likely condition of
migrant surviva was to not replace itsdlf (Low), regardless of whether ocean conditions were high or
low. High ocean conditions were judged to reduce the likelihood of low migrant surviva compared to
low ocean conditions.

The estimated conditiona probabilities are asfollows:

Migrant Survival

Corridor Ocean Condition High Moderate Low
High High 90 9 1
High Low 75 20 5
Moderate High 30 60 10
Moderate Low 20 70 10
Low High 10 15 75
Low Low 5 10 85

Because species satus is so strongly linked to the corridor, it is possible that the effects of dams may
have masked the potentia benefits associated with each dternative. To congder this possbility, we
analyzed an additiona scenario (aternatives S1, S2, S3in SDEIS designated as D2 1, D2 2, D2 _3or
D1, D2, D3, respectivey in the data tables) in which we removed the influence of three lower dams
on the Snake River via changes to the conditiond probakility table below. All other inputs for the
networks remained the same for each dternative. Thisfind anadyss was not intended to describe the
relative effects of land management and dams but to determine whether assumptions regarding the
effects of dams might obscure the relative differences expected among dternatives.

Corridor Ocean Condition High Moderate Low
High High 75 15 10
High Low 75 10 15
Moderate High 60 25 15
Moderate Low 60 20 20
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Biological Potential

Definition:

States:

This node summarizes the influence of biotic and abiotic conditions that may congtrain the long
term adaptability, reslience and abundance, and persistence of a population associated with a
subwatershed or collection of subwatersheds. These congtraints are independent of habitat
condition influenced by anthropogenic disturbance. For anadromous formsthey are
independent of the effects of migrant and ocean conditions that influence smolt to adult survivd.
This node summarizes information from current status, recovery potential, and exotic threat
for anadromous samonids. For non-anadromous salmonids this node summarizes information
from current status, recovery potential, and community change. For any state except none,
fish are assumed to be present in the watershed at the beginning of the period of the evauation.
Noneis carried forward only to track watersheds where future occurrence is not possible
because no fish are present and colonization or recolonization is not possible (i.e., recovery
potentid isnone). We assume that colonization of the subwatersheds will not be accomplished
through artificia means.

High: The inherent biologica/ecological and evolutionary potentiad for a populaionin a
subwatershed has not been substantially reduced from historical (pre European devel opment)
conditions. The population retainsits full potentid to respond positively to improving habitat
conditions and to retain or reach a“srong” status assuming that habitat conditionsin the
subwatershed are not congtraining. Populations that are reduced to low levels through
environmenta variation retain strong connectivity to other populations and the potentia for
enough immigration to mitigate the effect of bottlenecks. Connection to maingems dso dlows
the full expresson of migratory life histories in non-anadromous forms. The potentia for
competition or predation via non-native fishesis minima or non-exisent. 1n demographic terms
if the population is reduced to alow level (10 percent of loca carrying capacity in the
subwatershed) nothing in the subwatershed will congtrain ? (finite annua growth rete) from
being greater than 1 or high enough to return to carrying capacity within gpproximeately threeto
five generdions.

Moderate Thereis some reduction in potentid through a reduction in growth, survivd, or the
gpatid, tempord didtribution that reduces the inherent fitness and resilience of the population
and itsresistence to disturbance. This reduction may result from a genetic bottleneck and
limited (although not absent) gene flow necessary to mitigate a bottleneck, or by a substantia
change in the fish community represented by the addition of exotic competitors, predators, or
hybridizing forms; extirpation of anadromous species; or by some restriction of connectivity on
migratory life histories. If the population is reduced to alow leve biologica/ecologica potentia
will congrain ? such thet it will be greater than 1 but not high enough to return the population to
carying capacity within five generations.

Low: Thelocd population faces substantia biological congraint from one or dl of the factors
considered under moderate and is also isolated. Refounding or demographic support will be
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very dow or unlikely. The expresson of migratory life historieswill not be possble or serioudy
condrained. If the population isnot aready a alow level and it isreduced to alow level ? will
be<1.

None: Theloca population is aosent with no potentia for recolonization.

Comment: The probabilities were estimated for this node by three biologists, Bruce Rieman, Jason
Dunham, and Danny Lee, dl with experience and background in conservation biology, metapopulation
theory, and its gpplication to sdmonids. Each reviewed the definitions and then estimated the
probabilities independently. The estimates and justifications were shared among them and then each
reviewed and revised their estimates where inconsstency in interpretation of the definitions or sates
was gpparent. We developed the find estimates from the evenly weighted mean of the three
independent estimates.

Thisnodeisinformed by Community Change for non-anadromous fishes and by Exotic Threat for
anadromous fishes but the vaues in the table remain the same. Where a population is dready strong,
the mogt likely condition should be that it retains the potentid to be strong, i.e. High Potentid. Even
where the community has changed or recovery potentid is reduced the fact that the population is
currently strong indicates that other factors have not substantidly constrained population dynamics. The
highest potentia should obvioudy be where nothing else gppears to be compromised. By definition if
the population is present long term potentia cannot be none. The uncertainty is high however if along
term change has occurred and recovery potentia isnone. If current condition is strong High Potentia
must remain aposshility (it's dready strong) but the current condition and recovery potentid arein
conflict. Severd posshilities exist: characterigtics of the subwatershed are such that they don’t
congtrain the population; characterigtics have changed and the condition of the population has yet to
respond (i.e,, alag); or the effects will remain unimportant until the population dropsto alow leve in
response to some environmental disturbance. In this case we were largely uncertain as to whether long
term potential was congrained or not and smply broke the conditions more evenly between high and
the other states. Because the population was dready strong, moderate was more likely than low and
noneisimpossible.

The other combinations of conditions with current status strong were largdly interpolated from these
two end points. Because we remain uncertain about the relative influence of metapopulation processes
on the limited time scale relevant to this evauaion (Rieman and Dunham, in press), we weighted the
influence of community change more strongly than recovery potentid.

Where current status was depressed we concluded that long term potential is more uncertain.
Populations may be depressed either from biotic congtraints or from conditions that have changed in
habitat or the environment. A depressed population may be isolated and have been through a serious
bottleneck or may have remained a modest population levels with no genetic consequences. The
information from recovery potentid and community change should help to mitigate some of the
uncertainty. Because the actud population Sze remainsin question in any case, we split probabilities
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between high and moderate or moderate and low depending on the relaive influence of the conditioning
nodes. Again we tended to place more weight on the community change effects than on recovery
potential.

Where the population is absent we concluded that recovery potentid is the most important
consderation. If thereis no recovery potentia there is no chance that the subwatershed can be
colonized or refounded.  We concluded that high recovery potentid did provide some chance of a
high, long term potentia but because we remain uncertain about why the population is absent the most
likely condition remains none. We were more pessmistic about the potentia where there was a
community change or exatic threat. Biotic res stence imposed by the new species (Adams 1999; Moyle
and Light 1996), a dramatic change in the productivity of the system with the loss of anadromous
sdmonids, or both could make colonization (or recolonization) an unlikely event.
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Mean Probabilities and Standard Errors Estimated by three biologists For Biological Potentid:

Community Mean Biological Potential Standard Error Biological
Current Recovery Change or Potential
Status Potential Exotic Threat
High Mod. Low None High Mod. Low None
Strong High Yes 78 16 5 0 6.0 4.1 2.9 0.0
No 95 3 2 0 29 2.0 0.9 0.0
Moderate Yes 55 36 9 0 7.6 7.5 0.7 0.0
No 75 22 3 0 76 9.2 15 0.0
None Yes 40 40 20 0 10.0 5.8 5.8 0.0
No 58 32 9 0 10.1 10.1 0.7 0.0
Depressed High Yes 22 58 20 0 44 83 5.8 0.0
No 30 62 8 0 58 7.3 1.7 0.0
Moderate Yes 12 55 33 0 44 5.0 6.3 0.3
No 22 62 17 0 6.7 7.3 4.4 0.0
None Yes 1 28 70 1 07 15 2.9 1.0
No 3 39 58 0 13 13 1.7 0.3
Absent High Yes 1 6 35 58 07 46 132 13.0
No 7 13 32 48 17 33 1438 13.0
Moderate Yes 0 2 14 83 03 1.2 3.8 4.4
No 1 6 20 73 07 1.0 5.0 6.7
None Yes 0 0 0 100 0.0 0.0 0.0 0.0
No 0 0 0 100 0.0 0.0 0.0 0.0

Future Population Status

Definition:
The termind node for al of our models was the future status for the salmonid population
associated with the subwatershed or collection of subwatersheds. The andlysisislimited to
subwatersheds that support habitat for spawning and rearing life stages. This node isinfluenced
by the aquatic habitat condition, migrant survival, and biological potential nodes.
Because the andysisis redtricted to the potentia range for the species or form in question, al
subwatersheds in the analysis either did or could have supported populations historically.
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States:
Strong: All mgor life history types that historically occurred are il present; numbers are
gable or increasing, and the population islikely to be at half or more of mean historical Sze or
dengty or that expected in comparable environments that have not been significantly atered
through human disruption. The population associated with the subwatershed retains the overal
reslience to return from low leves (i.e., 10 percent of carrying capacity) within 3to 5
generations.
Depressed: The spawning and rearing stages occur but the population associated with the
subwatershed fail to meet one or more of the other criteria above.
Absent: Spawning and rearing life stages do not occur in the subwatershed.

Source: The conditional probabilities for this node were estimated independently through expert opinion
for each speciesin the anadysis (bull trout, westd ope cutthroat trout, redband trout, Y elowstone
cutthroat trout, stream type chinook salmon, and steelhead). The estimates were made in a series of
workshops that included four to seven biologists with subgtantia field and andytica experience with
each species. In each workshop we reviewed the goa and approach of our analysis and then reviewed
and discussed the definition for Future Status aswell as the definitions for the parent nodes. Each
biologist made a preiminary estimate of the conditiona probabilities based on their personndl
experience, avallable data, and interpretation of the nodes. Each participant then reviewed and
discussed the estimates made by other participants. Obvious discrepanciesin interpretation were used
to focus discussons intended to clarify definitions to the extent possible develop a congstent
interpretation of contributing information. Following the review and discussion each participant was
alowed to revise their estimates. Because some definitions were revised between workshops, all
participants were asked to review and revise their estimates athird and find time. The conditiona
probabilities for each participant were pooled with equa weights to develop the find tables used in the
networks.
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Average of the conditiond probabilities for Stream Type Chinook sdlmon estimated by five biologists.

Standard errors are shown in parentheses.

Habitat Biological

Capacity Potential

High High
Moderate
Low
None

Moderate High

Moderate

Low

None

Low High

Moderate

Low

None

Migrant
Survival

High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low

Stream-Type Chinook

Strong Depressed Absent
90.0 (0.00) 8.0 (0.89) 2.0 (0.89)
49.0 (5.57) 33.0 (4.06) 18.0 (4.64)

1.4 (0.98) 20.6 (5.33) 78.0 (5.83)
67.0 (5.39) 27.6 (4.27) 5.4 (1.29)
33.0 (7.00) 46.0 (2.92) 21.0 (4.30)

1.4 (0.98) 14.6 (4.32) 84.0 (4.85)
15.0 (5.48) 55.0 (6.71) 30.0 (10.37)

6.0 (2.92) 50.0 (9.08) 44.0 (10.30)

0.6 (0.40) 9.4 (4.92) 90.0 (5.24)

0 0 100
0 0 100
0 0 100
67.0 (4.90) 27.6 (4.56) 5.4 (1.29)
30.0 (7.91) 48.0 (5.61) 22.0 (6.44)

1.4 (0.98) 11.6 (3.47) 87.0 (3.39)
45.0 (8.94) 39.4 (4.57) 15.6 (5.56)
19.0 (8.12) 56.0 (2.92) 25.0 (5.92)

0.6 (0.40) 10.4 (3.08) 89.0 (2.92)

6.0 (2.92) 55.0 (9.08) 39.0 (11.45)

1.4 (0.98) 46.6 (9.41) 52.0 (10.07)

0.4 (0.24) 2.4 (0.93) 97.2 (0.97)

0 0 100
0 0 100
0 0 100
17.6 (4.82) 63.8 (6.86) 18.6 (3.60)

6.4 (1.57) 59.6 (6.18) 34.0 (6.20)

0.8 (0.58) 10.8 (4.82) 88.4 (4.70)

9.4 (2.62) 64.6 (4.38) 26.0 (4.30)

3.0 (1.38) 56.4 (4.52) 40.6 (4.99)

0.6 (0.40) 4.2 (2.75) 95.2 (2.67)

1.6 (1.03) 45.4 (8.70) 53.0 (9.17)

1.2 (0.97) 27.2 (7.64) 71.6 (8.52)

0.2 (0.20) 0.6 (0.24) 99.2 (0.37)

0 0 100
0 0 100
0 0 100

Average of the conditiond probabilities for seehead estimated by six biologists. Standard errors are

shown in parentheses.



Habitat
Capacity

Biological
Potential

High

Moderate

Low

High

Moderate

Low

None

High

Moderate

Low

None

High

Moderate

Low

None

Migrant
Survival

High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low

High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low
High
Moderate
Low

Steelhead
Strong Depressed Absent
91.8 (1.17) 7.0 (1.32) 1.2 (0.31)
61.7 (5.58) 28.2 (2.52) 10.1 (4.00)
5.3 (2.47) 26.2 (5.83) 68.5 (7.04)
70.8 (3.75) 23.8 (3.65) 5.4 (2.01)
38.3 (5.58) 42.2 (3.52) 19.5 (4.89)
3.2 (1.56) 17.5 (5.18) 79.3 (6.09)
32.5(9.81) 49.2 (6.38) 18.3 (6.67)
14.2 (4.90) 50.0 (5.92) 35.8 (5.54)
2.0 (1.00) 13.3 (4.55) 84.7 (5.29)
0 0 100
0 0 100
0 0 100
76.7 (3.07) 17.8 (2.50) 5.5 (1.57)
40.8 (6.64) 39.2 (3.96) 20.0 (5.00)
2.8 (1.64) 17.0 (3.74) 80.2 (4.40)
53.3 (5.27) 36.7 (5.20) 10.0 (2.22)
25.5 (6.92) 49.8 (4.40) 24.7 (5.52)
2.0 (1.13) 16.0 (4.55) 82.0 (5.29)
14.7 (5.84) 49.8 (5.10) 35.5 (7.02)
7.5 (4.79) 43.3 (8.13) 49.2 (9.08)
1.0 (0.45) 8.0 (3.30) 91.0 (3.50)
0 0 100
0 0 100
0 0 100
24.0 (6.15) 56.5 (7.48) 19.5 (5.04)
16.8 (5.33) 56.7 (6.67) 26.5 (5.50)
1.2 (0.54) 19.5 (6.13) 79.3 (6.06)
12.5 (3.82) 55.8 (8.89) 31.7 (8.43)
7.0 (3.21) 48.8 (7.83) 44.2 (8.60)
0.8 (0.40) 15.2 (5.04) 84.0 (4.95)
4.7 (3.18) 39.5 (6.37) 55.8 (7.79)
2.2 (1.25) 31.2 (6.82) 66.7 (7.26)
0.5 (0.34) 2.3 (0.76) 97.2 (0.87)
0 0 100
0 0 100
0 100
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Averages of the conditiond probabilities for four non-anadromous salmonids . The probahilities for bull trout were estimated by seven
biologists, for Y dlowstone cutthroat by five biologists, for Westd ope cutthroat by five biologists, and for redband trout by six biologigts.
The standard errors are shown in parentheses.

Habitat Capacity

Biological
Potential

High

Moderate

Low

High
Moderate
Low
None
High
Moderate
Low
None
High
Moderate
Low

None

Bull Trout Redband Trout
Strong Depressed Absent Strong Depressed Absent
87.7 (3.20) 9.6 (1.96) 2.7 (1.27) 86.5 (2.50) 11.8 (1.92) 1.7 (0.71)
41.5 (6.61) 47.4 (6.56) 11.1 (2.74) 54.2 (7.35) 36.7 (7.03) 9.2 (2.07)
7.2 (1.49) 60.7 (6.59) 32.1 (6.80) 22.3(9.82) 48.2 (8.83) 29.5 (7.85)
0 0 100 0 0 100
42.9 (9.50) 41.7 (6.85) 15.4 (4.75) 61.7 (4.59) 31.8 (3.33) 6.5 (1.63)
20.7 (7.35) 50.0 (6.64) 29.3 (8.96) 38.3 (9.89) 43.5 (6.26) 18.2 (4.69)
2.4 (1.17) 39.0 (8.77) 58.6 (8.84) 12.8 (4.51) 51.7 (7.38) 35.5 (10.61)
0 0 100 0 0 100
6.4 (2.37) 50.0 (9.51) 43.6 (11.00) 19.7 (4.98) 64.2 (5.97) 16.2 (4.13)
3.0 (1.11) 37.3 (9.15) 59.7 (9.63) 10.8 (3.96) 56.5 (9.29) 32.7 (9.62)
0.9 (0.70) 15.6 (4.09) 83.6 (4.04) 4.7 (3.16) 34.5 (10.17) 60.8 (12.81)
0 0 100 0 0 100



Habitat Capacity

Biological
Potential

High

Moderate

Low

High
Moderate
Low
None
High
Moderate
Low
None
High
Moderate
Low

None

Westslope Cutthroat Trout

Yellowstone Cutthroat Trout

Strong Depressed Absent Strong Depressed Absent

86.0 (2.92) 11.0 (2.28) 3.0 (0.84) 91.0 (1.87) 7.2 (1.16) 1.8 (0.86)
44.0 (12.39) 50.4 (12.15) 5.6 (1.17) 49.0 (5.57) 42.4 (5.08) 8.6 (3.08)
10.0 (7.74) 54.8 (9.53) 35.3 (6.73) 8.4 (3.17) 63.0 (8.46) 28.6 (9.38)
0 0 100 0 0 100

57.0 (8.31) 35.6 (8.18) 7.4 (1.66) 61.0 (5.57) 33.6 (5.14) 5.4 (1.29)
31.0 (13.73) 49.0 (11.34) 20.0 (4.18) 32.6 (7.33) 52.6 (7.76) 14.6 (4.86)
5.6 (3.70) 41.4 (11.65) 53.0 (10.20) 3.6 (1.81) 57.4 (10.98) 39.0 (11.34)

0 0 100 0 0 100

12.6 (5.68) 52.8 (7.64) 34.6 (4.20) 15.0 (6.12) 71.0 (6.96) 14.0 (1.87)
4.4 (2.80) 36.6 (10.18) 59.0 (9.14) 6.0 (2.92) 60.0 (8.80) 34.0 (7.97)
1.0 (1.00) 18.0 (8.15) 81.0 (7.97) 0.6 (0.60) 34.4 (9.27) 65.0 (9.49)

0 0 100 0 0 100

43



BD Node Values

The nature of the networks made it difficult to interpret the relative magnitude of the trends observed.
So we edimated the “maximum” possible change in sdmonid status given the condraints of our
networks.  The maximum or “BD” was estimated by assuming that dl disruptive effects of current and
future land management were removed from Federa lands to provide a smple comparison of the
change in conditions expected with any dternative relative to what might be possible given the
condraintsin biologica potentid and migrant surviva. The following changes to node vaues were used:

Landscape Road Dengity data: rddlow=1
rddmod=0
rddhigh=0
Landscape uncharecterigtic grazing:  grzyes=0
grzno=1
Landscape uncharacteritic soil disturbance: grdlow=1
grdmod=0
grdhi=0
Standards and Guides: sghi=1
sgmod=0
sglow=0
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FigureOV-1. Bayesan Belief Networksfor estimation of (a) aguatic habitat capacity and future popul ation
gatusfor (b) resdent and © anadromous salmonids for subwatersheds under dl dternatives. Definitions
of each node and a brief summary of the source information are in Appendix 1. Shaded nodes represent
inputs for projected land management impacts.
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Attachment A
SDEIS Alternative Aquatic Management Scenarios

Alternative S1

10. Key PACFISH, priority INFISH and BO (T&E, some Westdope CT)
RHCAs-150 ft (1+ Ste trees) perennia non-fish-bearing
100 ft (1- Ste trees) intermittent
Modification of RHCAs for T& E through consultation
Grester retoration and monitoring emphasis
Roads eva uation

EAWS emphasis (1/admin. unit/yr), subbasin assessment (1/admin. unit/yr)—aquatics only

9. Priority watersheds

EAWS prior to ground disturbing activities
Additiond RMOs (e.g., fine sediment)
Limited road dengties

8. Sdway-Sdmon BO

More regtriction on ground disturbance
Greseter restoration emphasis
23. INFISH (FS outside of bull trout and anadromous spp.)
RHCAs-150 ft (1+ Site trees) perennia non-fish-bearing
50 ft intermittent
Modification through project or EAWS andys's

24. BLM (outside of bull trout and anadromous spp.)

Land management plan direction
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1. Wilderness and naturd areas (MACs 1&2) Samefor all alts.

Impacts limited to recreation and grazing not regulated thru PACFISH/INFISH and fire
management (PNF)

12. Roadless (outside of wilderness) Same for all alts.

Roadless policy
Roads andlyss
Exigting dlocation (e.g., timber harvest)

26. Non-federal outside of T& E Same for all alts.

Exiding land and weter regulations

25. Nonfederd T& E Samefor all alts.

Some increased emphasis on protection and restoration

Alternative S2

2.A1

Consarvative, passve management
No road building (accounted for in road dengity variable)
Adjustment prior to ROD (dso gppliesto A2); no acreage limitation??

4. A2/Integrated restoration/aguatic priority

Consarvative, active management
No road building

Lower probability of high aguatic habitat condition than A1l due to short-term effects and
uncertainty of restoration

6. A2 outsde of integrated restoration priority
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No road building

Lower probability of high aquatic habitat condition than A2/restoration priority—
Lessrestoration
Lower priority for subbasin review, EAWS, roads andysis, water qudity protocol

14. Base level, TEP, inteq. restoration/aguatic priority

RCASs-2 gte trees perennid non-fish bearing
1 gtetree intermittent
RIA ondl streams
EAWS required for modification

Higher frequency and rate of subbasin review, EAWS (50 percent of TEP hucsin 5 yrs.), roads
andys's, and water quality protocol

Greater restoration (long term benefits vs. short-term disruption, greater benefits where these
correspond to aqueatic restoration priorities)

15. Base levd, inteq. restoration/aguatic priority, non-TE

Higher frequency and rate of subbasin review

Lower frequency and rate of EAWS (50 percent of hucs in 13 yrs.), roads anayss, and water
qudlity protocol

18. Base levd, TEP outside of restoration priorities

Higher frequency and rate of EAWS (50 percent of TEP hucsin5yrs)), roadsanalyss, and water
qudity protocol

Lower frequency and rate of subbasin review

17, Base leve, restoration priority (non-aguatic), non-TE

Higher frequency and rate of subbasin review
Restoration does not correspond to agquatic priorities

19. Base leve outsde of restoration priority, non-TE

Lower frequency and rate of subbasin review
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Lower frequency and rate of EAWS (50 percent of hucsin 13 yrs)), roads analys's, and water
qudity protocol

11. Roadless (outside of wilderness) Same for all alts.

Roadless policy
Roads andlyss
Exigting dlocation (e.g., timber harvest)

26. Non-federd outsde of T& E Samefor all alts.

Exiding land and weter regulations

25. Nonfederd T& E Samefor all alts.

Some increased emphasis on protection and restoration

1. Wilderness and natura areas Same for all alts.

Impacts limited to recreation and grazing not regul ated thru base level and fire management (PNF)

Alternative S3
3.Al

Network adjustment post ROD through LMP revision (interim locations may not match selection
criteria); acreage limitation

5. A2/Integrated restoration/aguatic priority

Network adjustment post ROD through LMP revison (interim locations may not match sdlection
criteria); acreage limitation

Lower frequency and rate of subbasin review, EAWS (33 percent of hucsin 10 yrs.), roads
andyss, and water quality protocol

7. A2 outside of integrated restoration priority

Network adjustment post ROD through LMP revison (interim locations may not match selection
criteria); acreage limitation
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20. Base leve, inteq. restoration/aguatic priority

RCAs-1 gdtetree perennid non-fish-bearing
Y, dte tree intermittent
RIA intermittent
EAWS required for modification

Lower frequency and rate of subbasin review, EAWS (33 percent of hucs in 10 yrs.), roads
andyss, and water quality protocol

Increased restoration (greater benefits where these correspond to aguatic restoration priorities)

21. Base leve, restoration priority (non-aquatic)

Lower frequency and rate of subbasin review, EAWS (33 percent of hucsin 10 yrs.), roads
andysis, and water quality protocol than S2

Restoration does not correspond to agquatic priorities

22. Base leve outside of restoration priority

No restoration emphasis

13. Roadless (outside of wilderness) Same for all alts.

Roadless policy
Roads andlyss
Exigting dlocation (e.g., timber harvest)

26. Non-federd outsde of T& E Samefor all alts.

Exiding land and weter regulations

25. Nonfederd T& E Samefor all alts.

Some increased emphasis on protection and restoration

1. Wilderness and natural areas Same for all alts.

Impacts limited to recreation and grazing not regul ated thru base level and fire management (PNF)
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