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EXECUTIVE SUMMARY

Existing information on the presence and relative abundance of westslope cutthroat trout
throughout the upper Missouri River basin documents that their historic distribution has been
reduced to a fraction of their original range. Individual populations have recently become extinct.
The majority of the remaining populations are confined to small habitat fragments located
primarily in headwaters of tributaries. Some existing populations occur in habitats presently
degraded by land and/or water management activities. A high percentage of all remaining
populations face competition and/or genetic contamination from non-native trout species.

In 1995, the Forest Service, Northern Region and Bureau of Land Management, Montana State
Office utilized a questionnaire to collect data on federally-administered lands within the upper
Missouri River basin. This questionnaire was designed to provide input to a viability assessment
that evaluated the risk of extinction to westslope cutthroat populations. Responses were
analyzed in a viability assessment model which provided a consistent framework for assessing
the risk of extinction. Interdisciplinary field-level resource teams also estimated adverse effects
to aquatic systems from land and/or water management activities within the occupied drainage.

Results from this assessment confirm that most (90%) of the remaining known populations are
at a "high" to "very high" nisk of becoming extinct over the next 100 years under existing
conditions. Results also suggest that livestock grazing and the presence of competing exotic
fishes are important existing threats to remaining westslope cutthroat trout populations within
the upper Missouri River basin.
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FOREWORD

Within the last decade, State and Federal fisheries surveys have documented the decline in the
distribution and abundance of westslope cutthroat trout populations within the upper Missouri
River basin of eastern Montana. In response, Federal land managers in collaboration with State
biologists, have implemented actions on individual populations occupying federally-administered
lands to remediate identified problems. Although some individual efforts were successful, known
populations have continued to decline. This trend indicated the need for a broader assessment of
the status and risks to remaining westslope cutthroat trout populations on National Forest System
and Bureau of Land Management lands within the basin.

The goal of this broad-scale assessment was to evaluate the status of remaining known
populations, with a genetic purity of at least 90%, and to assess the contribution of management
activities to "at risk" populations occupying federally-administered lands within the basin.

Chronology of events and decisions associated with this Assessment are described in Appendix A.
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INTRODUCTION

The cutthroat trout has the greatest distribution of any of the species of western trout. Along the
Pacific Coast, the "coastal" subspecies occurs from southern Alaska to northern California. The
“interior" forms are divided into 14 subspecies which range throughout the intermountain west
from Canada to New Mexico.

Westslope cutthroat trout, Qncorhyncus clarki lewisi, are one of the 14 "interior" cutthroat trout
subspecies. Their historic range included; western Montana, central and northern Idaho, eastern
Oregon and Washington, and southwestern Saskatchewan, southern Alberta and southeastern
British Columbia. Currently this subspecies inhabits streams and lakes on both sides of the
Continental Divide due to headwater transfers into the South Saskatchewan and Upper Missouri
River drainages during the last glaciation period (approx. 7,000 - 10,000 years ago). As
post-glacial waters receded, westslope populations east of the Divide became isolated from the
Columbia River basin. :

Westslope Cutthroat Trout:
Upper Missouri River Basin in Eastern Montana

Historic Range

Hanzel (1959) described the historic range of westslope cutthroat trout within the upper Missouri
River basin (UMRB) as the entire Missouri River drainage down to the mouth of the Musselshell
River. Behnke (1992) considered the known historic range to include the entire basin down to
about Fort Benton, including the headwaters of the Judith, Milk, and Marias rivers.

We now consider westslope cutthroat trout to have historically occupied the entire basin above
present-day Fort Peck Reservoir. This includes the entire Musselishell and Judith River drainages,
and the Sun River, from its confluence with the Missouri River to approximately 96 river miles
upstream to a natural barrier to fish migration (Figure 1). The lower Mussellshell has now been
included based on the presence of 100% genetically pure westslope cutthroat trout in two
tributary streams. While we consider the entire Musselshell to be within the historic range, it is
possible that pure westslope cuttroat populations, originated from hatchery releases by the
Montana Game & Fish Commission. Willock (1969) reported westslope cutthroat trout to be
present in the North Fork of the Milk River in Canada. We suspect that the entire upper Milk
drainage in Montana historically supported westslope cutthroat.



Idaho

Continental
Divide

Figure . Map of the upper Missouri River basin shewing believed historic range of
westslope cutthroat trout (Qpeorhynchus clarki lewisi) at the time of
European man’s expansion into this area.

A query of the State's Montana River Information System's (MRIS) database (based on 1:100,000

scale Hydrography Layer information) indicates that the historic range of this subspecies within
the UMRB included a total of 56,853 miles of available stream and river habitat at the time of
European man's expansion into the basin. This total includes the upper Milk and excludes the
upper Sun River basin.

Current Status

Within the UMRB, and throughout their historic range west of the Continental Divide, westslope
cutthroat trout have experienced dramatic declines in abundance and distribution (Liknes and
Graham 1988, Mclntyre and Rieman 1995; Shepard and VanEimeren 1995).

A query of the MRIS fisheries and genetic status databases was used to compare current
westslope cutthroat occupancy of UMRB streams with historic. Based on available MRIS
information the present distribution of westslope cutthroat within the UMRB is summarized
below from Table 1;



100% genetically pure populations of westslope cutthroat trout presently inhabit 545 miles
(1.0% of historic range);

98-99.9% genetically pure populations inhabit 169 miles (0.3% of historic range);
90-97.9% genetically pure populations inhabit 333 miles (0.6% of historic range);

<90% genetically pure (known hybridized) populations inhabit 328 miles (0.6% of historic
range),

and untested, but suspected, populations inhabit 2,611 miles {4.6%) of total habitat miles
within the basin of historic range).

In addition, fish species (presence/absence) records are available from MRIS for 9,468 miles of
stream within the UMRB. These records indicate that some level of fish survey information is
available for approximately one-sixth of the total number of miles (56,853) believed to have been
historically occupied by westslope cutthroat (Table 1). Based on these records current occupancy
of westslope cutthroat in surveyed habitats has been calculated:

100% pure populations occupy about 5.8% of surveyed habitats;

98-99.9% pure populations occupy about 1.8% of surveyed habitats; ,

90-97.9% pure populations occupy about 3.5% of surveyed habitats;

known hybridized (<90% pure) occupy about 3.5% of surveyed habitats;

suspected, but untested, populations occupy about 27.6% of surveyed habitats.



9 IO PRUIEIGO WORVUIONU] UISEq JIATY HNOSSI saddn a) URRIM SISALS ire sureans ut yquyuy Ajjusssid (STRST HIEE ST

‘9661 °1 Arenuef o pajepdn 158] WASAE UCHPILLIOIT ISATY BIRIORY

U0} nod) feonpng adofsisom SoyDess Jo Jequintt pue sapIjy 1 S[qeL

956VLT  TS80'8  TILO9  P9ROY  £86TC ZLOG'6T  HE98'9  9IL'S  £59S°€  6IILL Wodaiag AANBIOWND
vOI¥'6E  OFIOT  BYBE'T  1BBL'0  €867°C 86E0°EL  89€91  £I991  PLVE0  GITLT Wwadlad
HISEE] POAIAING JO ol
GIEOL  CSTHFT  BOKET  B6ST1 17960 W30S sAnEjMLING
LLO9Y  ¥BLS'O  OLBSO  LLETO  TZ960 Waoag
ung Jaddn jroyum mseg jo Juaaiag
sjustuaInseaw yHoo] ou pey seyveas 187
§
(150 ung soddn Sunpujoxyg
§99 | 69 89 x4 £l P9 ®LTE LTEL  LB91  E£GKS 9TPE  PULO0T  O'SILLS STVIOL
£€ z ¥ 1 L £0T Pz 91 67 £LE £9¢ 8619 £'8L5L1 [[PYsassnjy 03 ueR L - TV.LOL
0 00 ¥ 809 OOI8] NIFHSTESs0Y R0 T COZ0P001
0 { 00 1’9 SE  PLOS SIS Jop|q %0g $OZOYOOT
1 08 $T  09EE 0168 MO|IMIEL] E0ZOPOOT
0 00 ‘ 09 9T8L  TLLKL TIPYSIasSTIN JIPPIA TOZO¥0O0E
€ 1 | 3¢ 09 $'Ll 9t 189Sl £oLep Tusiessniy s2ddn) 1020001
6T i ¥ i §  rost &4 L9t 67 Let 1€ £ LTITE YupnE €010¥001
0 0'0 39 VOIS £9IE] MOIY 70105001
0 0'0 £ CT89  ¥E0SI Jod - NSRYM|ING 10107001
Tor 81 14 T A AT Tt X7 KA TIEL  BoLeL VORIIL RS L Sl CATO
1 £ L 61L EFA 03T W1 9F¥LL P ISLT UORL SOCOE001
0 00 66 LEEE 1'80L MO YOLOE00]
0 00 98 LEE0T  LE6PT SELEIN £070€601
0 00 19 6805 76801 Hued M) ZOZOEBOT
14 L L £ It gLl g6l P8t gy S5k b1 96L9  TTTFI BURNPIN OML 10TOEO0]
133 z §  ovel 911 9T §L  LOLE  §008 TeH S010£001
it £ T sl Tkt e PEL  T'BOL  vHILI 8B - 50§ $O10£001
0’069 B3 - UNS POIGEOOT
601 s £ 6  3Tiy 1374 61t 1'9¢ W 1986 £8S8T Mg €010£001
1174 €L ST ®LLOT  L'8E6E wiogeaQ] - unessipy Jaddny 70106001
85 5 8 VILT 667 1Ty 10£  €9011  6'€9LF Linossty seddry 1010£001
OFt 13 5F (34 ¥o TerIl —Test  TI¥L OIS COLE T8l OBRL9 . & 5hoRT TROSSTA #50d1 - TVIOL.
113 ] 3 Ol gL A (%7 vLU  SLLL ¢©10V% UTHIP0 B000C00 L
i § ¥ z LA T 6l 0Ll ol BN T 6eeL  1LIST uosIpEI LOBOTOO!
9 1 LTy #1 6L  9TLE €866 Japineg] 90007001
8 i I 4 1223 8¢ (¥4 L 98 L9Sy  TOLIT uosYSL SOBOTOOL
i 91 8 L ST §8LE 608 £92 LeE 9ol IEF  PP6SI L'ES6E 319H 31 P0OOOZ00Y
8¢ ot 6 £ 6 £ $'¥9 $6€ vy 98y $1 8SLS Lv8TE Aqud £0007001
1z z £ £l $6L 91 1'sT L8t 01 L€y TOTsI pratpaA®a T000Z001
L 6 6l o1 I €8l 1T 4601 69L 0LL 887 LELIL_ p8sye 30y PP 10002001
(=) s} aind aing %ng  powsR) aing amng ) wng sopsId AP SO[N JUREN T[] OIPAH
%06>  %L606 %6686 %001 %06>  %L606  %66°86 %001 pokaaing  pakoaing JEoL
(38N 1OM (33070 LOM



Table 1 also provides information on westslope cutthroat trout occupancy of stream reach units.
Of the 3,426 reaches sampled, 113 reaches contained 100% genetically pure populations (3.3%);
27 reaches supported 98-99.9% pure populations (2.0%); 68 reaches had 90-97.9% pure
populations (2.1%); known hybridized (<0% pure) populations were found in 69 reaches
(2.0%); while suspected, but untested, populations were found in 695 reaches (19.4%).

In summary, MRIS database information indicates that westslope cutthroat trout within the
UMRB presently occupy only a fraction of their historic stream habitats. Additional review of
fish survey data collected by Montana Fish, Wildlife and Parks (FWP), Forest Service (FS), and
Bureau of Land Management (BLM) revealed that several populations have gone extinct within
the past ten years and that almost all populations presently occupy isolated habitat fragments,
many of which are very small (less than 5 miles in length).

r Decline - inction

Primary factors associated with recent population extinctions and the fragmentation of habitats
within the UMRB, include the presence of non-native salmonids (rainbow trout and brook "trout"
or char) and habitat degradation caused by land and/or water management practices. These
factors have also been cited as causes for the decline of westslope cutthroat trout by previous
investigators (Liknes and Graham 1988; McIntyre and Rieman 1995).

Rieman and Mclntyre (1993) reviewed population extinction theory and applied it to bull trout,
another native fish species in decline throughout their historic range. They characterized the
processes of extinction and placed them into three major categories; deterministic, stochastic, and
genetic based on the work of Gilpin (1987), Gilpin and Soule' (1986), Leigh (1981), and Shaffer
(1987, 1991):

Deterministic extinction occurs when a permanent or long-term change causes a
population to decline to zero (Gilpin and Soule' 1986). Rieman and McIntyre
suggest that the importance of mortality related to fishing, predation, or competition
with introduced species may increase sharply when habitats have become degraded.

Review of existing information indicates that deterministic factors are now causing extinction of
some westslope cutthroat trout populations within the UMRB. The two primary deterministic
risk factors underlying the relatively high risk of extinction are introduced trout species and
degraded habitat conditions within streams.

Stechastic risks are random demographic and environmental events which lead to a
population crash. Demographic stochasticity probably is unimportant unless total
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population size becomes very small (ie. 20 adults). Shaffer (1987, 1991) considered
environmental stochasticity to include both chronic and catastrophic environmental
effects.

All westsiope cutthroat trout populations within the UMRB now inhabit isolated headwater
streams. As the majority of these headwater streams have been adversely effected by either
land/water management activities or invasion by non-native salmonids, or both, the risk of
extinction from stochastic environmental effects (chronic and/ or catastrophic) is therefore,
believed to be high.

Genetic extinction can also be linked to the loss of genetic diversity within a
species. When diversity decreases, the combination of genes that permit a species to
survive in a highly variable environment are lost. This decreases a species ability to
adapt to changed environmental conditions.

The "risk of extinction" to westslope cutthroat trout in this latter category is associated with the
relatively high level of genetic divergence among populations within the UMRB. Therefore, the
loss of additional populations will probably result in loss the of genetic diversity within the
subspecies. Geneticists have recommended conservation of as many populations throughout their
range as necessary to conserve the genetic diversity presently contained within this subspecies
(Allendorf and Leary 1988).

ASSESSMENT METHODS

A two-part questionnaire was developed to obtain information on known westslope cutthroat
trout populations for this broad-scale assessment. Populations were classified as at least 90%
genetically pure based on either genetic analyses or, for recently discovered and untested
populations, an evaluation by the local biologist. For this assessment only populations which
occupied lands which are administered by the Forest Service or Bureau of Land Management
were assessed.

Part A of this questionnaire utilized a viability assessment for all known 90-100% genetically pure
populations, and was completed by individuals or teams of State and Federal fisheries biologists
(see Appendix B). For Part B, the percentage of effects to aquatic systems within each occupied
westslope drainage was estimated for a variety of land and water management activities. These
estimates were made by Forest Service and BLM field-level resource Interdisciplinary (ID)
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Teams within the basin (Appendix C). Detailed directions and two days of training were provided
to fisheries biologists and ID Teams for completion of the questionnaire.

A description of the underlying methodologies used for Parts A and B of the questionnaire
follows.

Questionnaire: Part A

Part A of the questionnaire utilized a "Bayesian Belief Viability Assessment Model" (BayVAM)
developed for interior trout and char species by D. Lee and B. Rieman at the Forest Service's
Intermountain Research Station in Boise, Idaho (Appendix B; Section 1). Viability, in the
context of this model, refers to the probability that a population or group of populations will
persist within some given area and period of time. Therefore, this viability assessment refers to
the quantitative evaluation of risk of extinction for individual westslope cutthroat trout
populations.

In general, the BayVAM model utilizes a hybrid approach to viability assessment that blends
professional judgement (qualitative assessments) with quantitative data to provide a generalized
evaluation of risk and uncertainty. Use of the BayVAM model requires fisheries biologists to
judge the relative condition of the important processes or characteristics that influence population
dynamics or long-term persistence. Uncertainty associated with professional judgement due to
lack of information or experience is incorporated in the model. As model assumptions and
parameter estimates are explicit, the analysis is repeatable, and defensible.

The BayVAM model also allows for ranges, associated with individual parameters, to be revised
with local or more site-specific information. Revisions to some of the model parameter ranges
were made in December, 1994 using data from westslope cutthroat trout populations within the
UMRB (Appendix B; Section 2).

Field-level Federal and State agency fisheries biologists (see Acknowledgments Section) were
provided a set of directions which included the revised ranges for certain model parameters
(nodes) to complete Part A of the questionnaire. Biologists were requested to complete Part A
for all known westslope cutthroat trout populations which were, at least, 90% genetically pure
based on horizontal starch gel electrophoretic testing (Leary et al. 1987). A few populations were
included by the biologists for which electrophoretic testing had not yet been completed but were
believed to be genetically pure based on field examination of the physical features of individual
trout. Biologists also estimated the length of stream habitat occupied, in miles, for each
westslope cutthroat trout population included in the assessment.



Questionnaire: Part B

Information needed to complete Part B of the questionnaire (Appendix C, section 1) was
provided by field-level ID Teams (see Acknowledgments Section). Each team was directed to
estimate the percent of aquatic systems affected by various land and/or management activities in
the subwatershed occupied by a population for which information was provided under Part A.
Drainage boundaries had been previously delineated using the US Geological Survey's Hydrologic
Unit Coding system. These subwatersheds ranged from 20,000 - 40,000 acres in size and were
equivalent to "6th Code Hydrologic Units" or “6th Field” Units,

Estimates of the percentage of aquatic habitat in each subwatershed affected by a management
activity was then ranked as either Low (1-10%); Moderate (11-20%); or High (>20%). When the
ranking assigned by management activity for the entire 6th field subwatershed was identified as
not being applicable to the occupied stream reach, the questionnaire respondent was contacted to
provide their estimate of the effect of that activity on the occupied reach.

ANALYSES OF QUESTIONNAIRE DATA

Questionnaire responses from 146 questionnaires were entered into dBase data files. Responses
from two streams later determined not to contain westslope cutthroat trout that were at least
90% genetically pure, were removed from further analyses. This left a final sample size of 144
populations. For Part A of the questionnaire (Bay VAM Model), the following steps were used
to analyze the data:

1) Data was summarized by conducting frequency analyses for confidence levels (which the
fisheries biologists had assigned as low, moderate, and high) at each node in the BayVAM model;

2) Frequencies were then plotted by 10% confidence level increments (0 represented 0; 10
represented >0 to 10, 20 represented >10 to 20, etc);

3) BayVAM model was then run for each westslope cutthroat population;

4) Model outputs were used to calculate the probability that the population would persist for 100
years {Probability of Persistence);

5) Probabilities of Persistence were plotted at 0.10 intervals (probability classes);

6) Intervals were then aggregated into classes of "Very High", "High", and "Moderate" based on
above frequency analysis;



7) Each population was assigned to one of these three classes based on its Probability of
Persistence and finally, '

8) Estimates of genetic purity (based on horizontal starch gel electrophoresis) were segregated
into three classes (100%, 98-99.9%, and 90-97.9% pure) . This genetic classification was based
on preliminary recommendations from the State’s Upper Missouri Westslope Cutthroat Trout
Technical Committee (Minutes of August 4, 1995). Also included was a class for untested, but

suspected pure, populations.

A concern was raised that observer bias might have influenced the results on population status
due to reliance on professional judgement of local experts within their management areas. Due to
the inability to randomly assign streams to observers or to replicate sampling of streams, observer
bias was assessed using a statistical test. In this test, the average Probabilities of Persistence (as
predicted from the BayVAM model) were compared across observers and tested for differences
using the Kruskal-Wallis nonparametric test (Daniel 1978).

For Part B, ID Team ratings based on effects to aquatic systems from management activities
within the occupied 20,00-40,000 acre subwatershed were analyzed with Probabilities of
Persistence (Part A) using a MANOVA test (SAS version 6.03, 1988). The first test incorporated
the ratings for management activities that were identified as occurring in all 144 occupied
watersheds. These included; Roads, Livestock Grazing, Mining (including oil and gas
development), Timber Harvest, Water Diversions, Angling, and Presence of Non-Native Fishes.
Cumulative Effects was excluded as this variable incorporated effects from the individual
management activities listed above.

The second test included Cumulative Effects, Forest or Resource Area Plan Allocation, and Risk
of Catastrophic Event for which ratings were provided in 134 subwatersheds. Ratings of all of
the above effects (except Cumulative Effects) were then classified as "None", "Low", "Moderate"
or IfI_Iigh"'



RESULTS

Questionnaire: Part A
Model Life-History and Population Nodes

Fisheries biologists did not always enter values for all categories (model nodes), therefore, sample
sizes varied by node. All respondents used the default values at the Age at Maturity and Fecundity
nodes (Figure 2). Biologists were highly confident that the Distribution and Quantity of
Spawning Habitats was "High" for a majority of streams (Figure 2). This was the only category
where there was a high level of confidence in the "High" rating. Fisheries biologists were also
relatively confident that many streams should be assigned a "Low" rating at the Initial Population
Size node. Additional nodes which respondents were fairly confident that most of the stream
populations did not fall into the "High" category (but were less certain as to whether it was "Low"
or "Moderate") included Fry Capacity (Figure 2), Expected Population Size (Figure 3), and, to a
lesser extent, Juvenile/Sub-Adult Survival (Figure 2). Fisheries biologists were less confident in
their assessments or populations had a wider range of variability for the remaining model nodes
with the "moderate" range most frequently selected.
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Model Outputs

Criteria developed by Shaffer and Sampson (1985) requires at least a 95% probability that a
population will persist for 100 years to be considered at a "Low" risk of extinction. Predicted
Probabilities of Persistence model outputs were used to develop additional classes to rate
extinction risk. These three classes included: 0-50% probability of persistence was assigned to
the "Very High" class for risk of extinction; >50-80% probability of persistence was assigned to
the "High" class for risk of extinction; and >80-95% probability of persistence was assigned to the
"Moderate" class for risk of extinction. Based on these criteria, none of the 144 westslope
cutthroat trout populations tested had a "Low" risk of extinction.

BayVAM model predictions for Probability of Persistence (% probability that a population will
persist for 100 years) was plotted to display the discrete and cumulative frequency distribution
(Figure 4). The risk of extinction was then rated and assigned to one of the three categories
{Moderate, High, Very High) based on relative changes in the slope of the cumulative distribution
line.
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The majority, 103 ( 71%) of the 144 populations, had a "Very High" risk of extinction (<50%
probability of persisting for 100 years) ( Figure 5). Twenty seven of the populations (18%) had a
“High" risk of extinction (50-80% probability of persisting 100 years). Fourteen (10%) of the
populations had a "Moderate" risk of extinction (>80-95% probability of persisting 100 years).

There appeared to be no relationship between predicted Probability of Persistence estimated by
the model for each population and the estimated length of stream it occupied (Figure 6).

BayVAM Predicted Probability of Persistence vs Length of Occupied Habitat
1
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Figure 6. Scatter plot of predicted probabilities of persistence versus length of occupied habitat (miles) for 144 populations of westsiope cutthroat trout
within Federal lands of Moniana.

Average predicted Probabilities of Persistence differed between observers (Figure 7) and these
differences were significant (p < 0.001; Kruskal-Wallis test). However, these differences could be
partially explained by the fact that observer 7 assessed mostly "healthy” westslope cutthroat trout
populations and observer 2 assessed primarily populations which were being highly adversely
affected by livestock grazing.
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Figure 7. Means (bars) and SE’s (vertical lines) of predicted probabilities of persistence for westsjope cutthroat populations inhabiting Federal lands
within the UMRB by observer.

Predicted Probabilities of Persistence followed a trend with higher average persistence
probabilities usually predicted for those populations inhabiting watersheds with lower rated
adverse impacts from management activities (Table 2). For analyses of individual management
activity types, impacts from Livestock Grazing and Non-Native Fish were significantly related to
predicted Probabilities of Persistence (P<0.01; Table 2). For analysis of Cumulative Effects and
Catastrophic Risk, rated impacts of both were significantly related to predicted Probabilities of
Persistence (P<0.01; Table 2). When a MANOVA test was conducted for those 134 populations
which had information on rated impacts from Forest Plan Allocation and Catastrophic Risk, with
Cumulative Effects replacing impacts from individual management activity classes, the
relationship between Cumulative Effects and predicted Probabilities of Persistence were
significant (P<0.01). Adverse effects from Forest Plan Allocations were not significant (P>0.01).
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Spatial Distribution of Populations

There are 27 subbasins within the historic range of westslope cutthroat trout in the UMRB above
Fort Peck Dam (Table 3). Seventeen of these subbasins currently contain at least one population
of westslope cutthroat. This analysis included at least one population from 16 of these subbasins.
Additional populations have been verified in one additional subbasin (Lower Musselshell) since
the time of this analysis. The majority of the 144 populations included in this analysis are located
in the southwest portion of the UMRB (Figure 8), with the density of populations decreasing in
the northern and eastern portions of the basin.

The remaining populations occupy high elevation stream fragments associated with mountain
ranges. The location of remaining populations follows two distinct patterns within subbasins
(Figure 9). In the high elevation southwest subbasins, populations tend to be distributed in
tributary streams throughout the subbasin (e.g. Bighole River subbasin). These subbasins lie
within high elevation areas surrounded by mountains. In the subbasins associated with the east
front of the Rocky Mountains and the isolated mountain ranges in the eastern portion of the
UMRB, remaining populations tend to be located in headwater areas (e.g. Two Medicine River
subbasin). In these subbasins, the headwater areas are associated with island mountain ranges
(e.g. Belt Range, Judith Range, Snowy Range) or the east front of the Rocky Mountains, and the
lower portions of the subbasins drain lower elevation prairie areas.
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Figure 9. Distribution of westsiope cutthroat trout populations in two subbasins of the Upper Missouri
River Basin.
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MANAGEMENT CONSIDERATIONS

One of the primary factors leading to the decline of westslope cutthroat trout in the upper
Missouri River basin has been trout hybridization with, and replacement by, other Onchoryncus
species. Westslope cutthroat readily hybridize with rainbow trout and yellowstone cutthroat
trout. These two species have been widely introduced in streams and lakes in the UMRB. An
important component of determining the status of westslope cutthroat populations has been
genetic analysis of potential populations using horizontal starch-gel electrophoresis. Genetic
status is an important consideration in management of westslope cutthroat populations due to
potential contamination of genetically pure populations by adjacent hybrid populations, human
assisted re-founding of new populations, and potential development of a broodstock for re-
establishing populations in streams and lakes. The Montana Upper Missouri Westslope Cuttroat
Technical Committee (UMWCTTC) provided preliminary recommendations on genetic
classification. In 1955 this committee recommended three genetic classes of westslope cutthroat
trout (100% pure, 98.0-99.9% pure, and 90-97.9% pure) and provided recommendations for
management of each class. An additional class includes populations which have not been
genetically analyzed, but are suspected to be westslope cutthroat trout. Of the 144 populations
used in this analysis over half (81) were 100% genetically pure (Table 4). However, only 7 of the
genetically pure populations were considered to be at “Moderate” risk of extinction.

W

GENETIC  PURITY
EXTNETION 100% 98-99.9% | 90-97.9% | uNTESTED TOTAL
VERY HIGH 60 8 29 6 103
HIGH 14 3 7 3 27
MODERATE 7 3 4 0 14
TOTAL 81 14 40 9 144

W

“F'able 4. Number of westslope cutthroat trout populations by genetic status which the BayVAM model predicted had a “Very High™, “High”, or
“Moderate™ risk of going extinct.

This analysis indicates that the majority of westslope cutthroat trout populations occupying
Federal lands within the UMRB are at a "high" or "very high" risk of becoming extinct within the
next 100 years under existing conditions. This risk rating does not include additional stresses
placed on these populations from new land or water management activities, or concerted
conservation efforts focused on preservation and restoration. The small habitat fragments which
these populations now occupy, indicated by stream length occupied and lack of connectivity
between these populations, are also believed to be leading to their tenuous status (Rieman and
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Mclntyre 1993). Negative effects from management activities and presence of naturally
reproducing non-native trout (primarily brook and rainbow trout) populations were significant
and inversely related to the predicted probability that remaining populations of westslope
cutthroat trout will persist.

Short-term Needs

With respect to the findings of this Assessment, the (UMWCTTC) through FWP, recommended
that the following interim strategies be adopted by the Forest Service and Bureau of Land
Management. The following is excerpted from their letter of April 10, 1996:

1. Aquatic habitats in all drainages which support populations > 90% genetically pure
(presently 144 populations) should be protected from existing and future land management
impacts. The level of protection should be further specified and related to genetic purity
of individual populations. We want to make it clear that the 144 presently identified
populations will likely be a somewhat dynamic number as some populations are going
extinct while other new populations are being documented. The important point is that
any habitats which can support westslope cutthroat trout populations which are at least
90% pure should be maintained in as high a quality as possible to allow for recovery this
subspecies in the basin.

2. As an intenim priority, until a basin-wide conservation strategy presently being
developed by the (UMWCTTC) is adopted, management emphasis should be focused in
the tributaries which support genetically pure populations which have a "Moderate" or
"High" probability of extinction.®* The 100% pure populations should first be secured and
populations which are 98-99% pure (which the Committee has designated as "pure” for
management purposes) should then be secured. At the present time, 21 populations meet
the "Moderate" or "High" tisk criteria and are 100% genetically pure, while 6 populations
are 98-99% pure.

* The rationale for recommending that healthier populations be secured first is based on
the level of effort needed to secure this type versus what would be needed to sustain
populations which were in the “very high” risk of extinction class.

The FWP letter concluded with the recommendation that local information and existing
conservation/restoration efforts should be used, in addition to the above recommendations, to
prioritize those populations selected for further consideration.

A commitment to implement these recommendations, prior to the adoption of a State directed
conservation strategy for the basin, was made by Hal Salwasser-Regional Forester and Larry
Hamilton-State BLM Director in March 1996. Subsequent to this agreement, a UMRB "Steering
Committee" comprised of Federal and State Agency line officers was convened to oversee
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development of a "short-term" implementation strategy.

This “Short Term Strategy” was completed in mid-June, 1996 and was based on the results of this
broad-scale assessment. Primary objectives of this strategy are to prevent further habitat
degradation and begin restoration efforts on Forest Service and Bureau of Land Management-
administered lands until a long-term strategy can be developed and implemented. This strategy
calls for avoiding or deferring new activities in all streams occupied by westslope cutthroat trout
populations covered under this assessment unless no further habitat degradation or an
improvement over existing conditions can be demonstrated. In addition, specific timeframes are
identified for evaluating effects of ongoing activities and development of remedial action plans in
occupied watersheds where problems are found to exist. Finally, a list of Agency programs are
identified that will require additional emphasis and fundmg to support restoration efforts for
westslope cutthroat trout populations.

Long-term Needs

To address long-term conservation and restoration needs, the state of Montana through FWP will
develop a conservation and restoration plan for westslope cutthroat trout based on scientific
recommendations provided by the UMWCTTC and input from the public. It is anticipated that
this broad-based management plan will be implemented through collaborative conservation
agreements and strategies which will detail management actions and schedules for completing
identified actions.
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APPENDIX A

Chronology of efforts and decisions associated with the broad-scale assessment of westslope
cutthroat trout populations on Forest Service (FS) and Bureau of Land Management (BLM) lands
within the upper Missouri River basin (UMRB):

February, 1994 - Environmental analyses related to Oil and Gas Leasing Alternatives were being
conducted on three National Forests (Beaverhead, Helena, Lewis & Clark) within UMRB. A
resource issue consistently identified by the respective Forest Interdisciplinary (ID) Teams was
potential adverse effects to westslope cutthroat trout populations and their habitats. As Leasing
decisions would allow for various levels of watershed disturbance associated with exploration and
development of oil and gas resources on National Forest System (NFS) lands, site-specific
environmental analyses were needed.

April, 1994 A team of FS and Montana Fish, Wildiife and Parks (FWP) fisheries biologists was
convened to develop a strategy to consistently identify known adverse effects from oil and gas
exploration and development activities, and to recommend legally permissible mitigation
measures. This collaborative effort surfaced concerns related to documented declines in
distribution and abundance of westslope cutthroat trout populations within the UMRB and
uncertainty related to long-term persistence of remaining populations.

May, 1994 - Status report on westslope cutthroat trout populations within UMRB completed by
FWP and FS biologists and presented to Forest Service's Northern Region - Leadership Team.
Direction provided by Regional Forester to convene a Regional-level Interdisciplinary (ID) Team.
Purpose of this ID Team was to develop a strategy to assess current status of known westslope
cutthroat trout populations inhabiting National Forest System lands and to identify linkages
between existing conditions and land and/or water management activities.

July, 1994 - BLM’s Montana State Office formally enters into partnership with Forest Service's
Northern Region. This expanded the assessment area to include westslope populations
occupying BLM-administered lands within the UMRB.

July-September, 1994 - Assessment strategy alternatives developed by Regional/State level
FS/BLM ID Team. Due to urgency of westslope cutthroat trout in UMRB as documented in the
May, 1994 status report, Regional Forester and BLM State Director select an alternative which
relies on existing information and professional judgement for completion of a questionnaire.

September-November, 1994 - Interagency ID Team expanded to include field-level resource staff
in design of the questionnaire. Questionnaire designed to incorporate a population viability
model for assessing extinction risk to westslope cutthroat trout (Part A) using quantitative data
and professional judgement of field-level fisheries biologists. Part B of the questionnaire used
agency staff expertise (see Acknowledgment Section of this report) and existing information to
estimate the degree of adverse effects to aquatic systems within the occupied watershed based on
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the contribution of natural and human-related disturbance.

December, 1994 - Regional Forester and BLM State Director direct Agency line officers to have
their staff complete questionnaires on all known westslope cutthroat populations with greater
than 90% genetic purity occupying federally-administered lands within the basin.

January through July, 1995 - FS/BLM/FWP fisheries biologists collaborate to complete Part A
(viability model) of questionnaire (Appendix B). Interdisciplinary resource specialists from four
National Forests and two BLM Resource Areas complete Part B of the questionnaire (See
Appendix C).

January, 1995 - FWP convenes the "Upper Missouri Westslope Cutthroat Trout Technical
Committee" (UMWCTTC) to develop science-based recommendations for the conservation and
restoration of westslope cutthroat trout within the UMRB.

March, 1995 - First meeting of FWP's UMWCTTC. Goal of this interagency team of fisheries
biologists (US Fish and Wildlife Service, FS, BLM, FWP, Univ. of Montana geneticist) was
"Develop biologically feasible management strategies to conserve westslope cutthroat trout in the
upper Missouri River basin, including their habitats and associated native species."

July through December, 1995 - Questionnaire data entered into Forest Service database.
Statistical analyses completed on questionnaires by B. Shepard (FWP); B.Sanborn (FS); and Dr.

Danny Lee (FS-Research).

February and March, 1996 - Results of assessment presented to UMWCTTC, FS - Regional
Leadership Team; and BLM State Office’s Leadership Team. The UMWCTTC provided interim
recommendations for conserving and restoring westslope cutthroat trout populations on
FS/BL.M-adnunistered lands within UMRB. Regional Forester and BLM State Director assign
Agency line officers to develop strategy to implement UMWCTTC interim recommendations.

March through June, 1996 - Interagency (FS/BLM/FWP) line officer Steering Committee
convened. Sub-group to Steering Committee chartered to develop short-term strategy for

implementation of UMWCTTC recommendations by June 15, 1996. Implementation sub-group
comprised of FS/BLM/FWP line officers, fisheries biologists, and representatives from Public
Affairs staff. Steering Committee agrees on need for collaborative process to support FWP's
efforts at developing a long-term conservation and restoration strategy westslope cutthroat trout
in UMRB.

April, 1996 - Chair of the UMWCTTC formally transmits through FWP to Regional Forester
interim strategies (see Management Considerations “Short-term” section) for conserving
westslope cutthroat trout on FS and BLM-administered lands within the UMRB. FWP
recommends that these interim strategies be adopted by the FS and BLM.
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June, 1996 - Steering committee approves “short-term strategy” for implementation of
UMWCTTC interim recommendations on federally administered lands within UMRB. Short-term
strategy identifies a process for evaluating effects of new and on-going land management activities
in drainages occupied by westslope cutthroat trout.
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APPENDIX B

Section 1: QUESTIONNAIRE - PART A (BayVAM model):
Section 2: Directions for inpﬁt';dinto BayVAM Model
Section 1
A score or rating was generated by the local fisheries biologist(s) at each model "node" using

directions provided in Section 2 of this Appendix. In addition, a narrative was required to be
completed at each node identifying citations of available data and other rationale used to support

the score or rating given.

The following information was also provided at each "node":

1. "Data Quality Rating” (DQR) - system used when data is entered into the State of
Montana's River Information System (MRIS) database. A DQR is used to judge the quality of the
information/data from "1" (poorest) to "9" (best).

To provide consistency, the DQR rating system was used to identify the quality of information or
data at each model "node”. Selection of one number from each of the following categories was
required:

# 1-3: Data is based on judgement estimates
# 4-6: Data is based on limited measurements

# 7-10: Data is based on extensive measurements

2. Rating based on the following "Relative Contribution Class" (RCC) for the categories of
"Natural" and "Human-related"

Natural/ !/ Human-related

A= 0% / . 100%

B= Less than 50% / Greater than 50%
C= Greater than 50% / Less than 50%
D= 100% / 0%

3. For each “RCC” rating identified under #2, the applicable contributing factors (Mining,
grazing, etc.) were circled.
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Part A - Form

WCT Population - Occupancy (Use EPA Reach Code #'s):
Miles of Stream Occupied (meters)
Location of WCT Population - 6th code HUC#
Genetic Purity of Population:
[(If "100%" pure, circle appropriate threat from hybridization:

S (secure, barrier), NS (not secure, no barrier), UK (Security Unknown)}.

Land Ownership of Occupied Drainage (% Estimated): FS BLM
Private State
Contact Person: Forest:

1.Quality and Distribution of Spawning Habitat DQR
60-80% 85-95% 100%
(Low) {Moderate) (High )
Narrative:
Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural) Timber
Other (list) Other (list)
2. Incubation success « ' DQR
5-20% 20-35% 35-50%
(Low) {Moderate) (High)
Narrative:
Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural) Timber
Potential Hybridization
Other (list) Other (list)
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16-20%

Narrative:

rin

DQR
20-30% 30-40%
{Low) {(Moderate) (High)

Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural) Timber

Riparian Community

Competing Species
Riparian Community

Riparian Community
Consider Water temp.
Other (list)
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Other (list) Other (list)
DQR
1,000-4,000 4,000-7,000 7,000-20,000
Narrative;
Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural) Timber

Competing Species
Riparian Community
Other (list)




5. !Juvenile Survival'/Sub-adult survival DQR
14-26% 26-38% 38-50%
(Low) (Moderate) (High)
Narrative:
Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural) Timber
Riparian Community Competing Species
Consider Water Temp. Angling Pressure
Consider Macroinvert Angler Harvest
Production Other (list)
Other (list)
6. Adult Survival DQR
10-30% 30-50% 50-70%
(Low) (Moderate) (High)
Narrative:
Natural/Human-caused RCC
Geology Grazing
Landform Mining
Precipitation (type/rate) Roads
Subsurface Flows Dewatering
Sediment (natural} Timber
Riparian Community Competing Species
Consider Water Temp. Angling Pressure
Consider Macroinvert Angler Harvest
Production {
Other (list) Other (list)
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7. Age of first maturity DQR

Age3(30%)___ Aged(40%)____  Age5(20%)_____ Age 6(10%)___
Narrative:
8. Fecundity DQR____
200-500_ 500-800 800-1100__ *1100-1500___

(*do not use in UMRB)
Narrative:

50-450 450-850 850-1250
(Low) (Moderate) (High)

Narrative:

2. Expected population size DQR____

0-250 250-750 Greater than 750
(Low) (Moderate) (750+)

Narrative:

3. Population Resilience | DOR

None Low Moderate

Narrative:

4. Yariation i r ival DOR

Low Moderate High

Narrative:
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5. Yariation in adult numbers DQR

Low Moderate_ ____ High___ : Very High_____
Narrative:
6. Catastrophic risk DQR

120-170 year interval(YT) 70-120 Y1 20-70 Y1
(Low) (Moderate) (High)

Narrative:

Natural/Human-caused RCC

Flood Flood

Fire . Fire

Mass-wasting Mass-wasting

Drought chemical Spills

Earthquake Other

Volcanoes

Other
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Section 2: 12/16/94 Revision (Shepard and Sanborn)
To Draft BayVAM Guidelines (Rieman and Lee 1994)

IL1. SCALE OF ANALYSIS
Part 1I. ASSESSMENT SURVEY

The first step in a population viability analysis is defining the population. Watershed boundaries
form the logical boundaries populations. However, because the scales of administrative interest
and population processes may not always coincide, it is important to define local and regional
populations clearly. Boundaries placed on local populations may vary widely by species and
life-history type. In general, local populations are defined by watersheds or stream systems that
support self-sustaining, reproductively isolated populations. In most cases, local populations will
be recognized on the basis of isolation or fragmentation of suitable habitats.

Completing the survey of population characteristics or processes is the next critical step in
applying the BayVAM module. Module users must consider each of the important characteristics
or processes listed in Table 2, and assess the current or expected state of each. For convenience,
each characteristic as a system node. There are three or four mutually exclusive values associated
with each node. Nodal values are expressed as ranges, for example, incubation success would
have three possible ranges: 5-20%; 21-35%,; and 36 to 50%.

It is important to remember, that in reality the true value for the population being analyzed is
contained within no more than one of the possible ranges for each node and that all others are
false (e.g. incubation success is within the range 35-50%, rather than 5-20% or 21-35%). The
range which contains this true value might not be known with absolute certainty. Within the
BayVAM module, this uncertainty is captured by assigning a degree of belief (i.e., Bayesian
probability) to each value within each node. Each node then has an array of values associated
with it, called a belief vector. These vectors are constrained such that the sum of all values within
each vector sums to 100%. The allocation of beliefs within a node is used to quantify strength or
quality of the available information. The value attached to each range represents the degree to
which we believe this range contains the true population’s rate or characteristic. For example, if
several years of data provide estimates of incubation success that range between 40 and 50%
(based on hollow core sampling of spawning sites), the belief vector for incubation success might
be: a 90% belief that the true value lies within the 36-50% range; 10% that the true value lies
within the 21-35% range; and 0% that the true value lies within the 5-20% range. If there is no
information available to judge initial survival, the uncertainty could be represented as a uniform
probability distribution (33.3% in each class), or as a worst case analysis with a high probability in
the worst class. In reality, a biologist with some knowledge of the watershed, the species and its
life-history, and the relevant fish habitat relations will be able to make classifications that fall
somewhere between the extremes.

The discussion below provides background information and references intended to aid in
specifying belief vectors at each node. It is important that module users document their
rationale for each survey response. Uittmately, the credibility of the analysis depends on the
strength of the biological justifications for each response. The survey is structured to consider
sources of information available from different scales within the biological system. For example,
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population characteristics and processes at the life-stage level ultimately define population size,
resilience, and temporal variability of the population. Information at the life-stage level thus can
be used to draw inferences about population-level features. A biologist might also draw
inferences about the size, resilience, or temporal variability of a population through direct
observation of the whole population rather than study of the underlying mechanisms. The
BayVAM module allows users to incorporate information from both levels, and assign differential
weights to that information. Information from multiple levels is used either to support or modify
the model predictions that would be generated from a single level of analysis.

Good data on population trends or characteristics may be limited or unavailable. In such cases
biologists can draw inferences from supporting information on habitat and watershed condition or
other biological characteristics. The following materials are provided as background and
examples of information or observations that might be associated with population characteristics.
The examples are not complete, exhaustive, or exclusive, but are provided to aid a competent
biologist in making a judgement. If available information is too limited to support any judgment,
then conservative management would dictate a score consistent with the highest risk until better
data are available.
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Quantity and Distribution of Spawning Habitat

Availability of spawning habitat (quantity and distribution) may determine whether available
rearing habitat is fully seeded. Three classes of availability of spawning habitat (gravels) have
been defined. When spawning gravels are readily available throughout the watershed, spawning
habitat would not be considered limiting to the local population. In these cases spawning success
would be 100%. Unless there is clear evidence that spawning habitat is likely limiting the
population, the upper range (i.e."Spawning habitat not limiting") should be used. Where the
quantity or distribution of spawning gravels severely limits the potential for egg deposition,
resulting in underseeding of rearing habitat, the user should classify spawning habitat as severely
limited. For these populations spawning success would rate between 60-80%. The intermediate
class would include situations where spawning habitat is limited in either quantity or distribution,
corresponding to spawning success of 85-95%. The user should note that resident westslope
cutthroat trout populations where females mature at relatively small sizes (lengths of 150 to 200
mm) suitable spawning habitat may consist of small isolated patches (0.2 m?) of pea-sized gravel
behind water velocity breaks.

Rationale: For resident westslope cutthroat trout (WCT), spawning habitat rarely limits egg
deposition enough to limit fry production to a level below that needed to fully seed fry and
juvenile rearing habitats. For that reason, Shepard and Sanborn suggest using a prior belief that
places a high (90-100%) likelihood on having a high spawning success rate (greater than 90%).
They also believe that ranges for the two other classes of spawning success should be increased
to 70-80% and 80-90%. They could not conceive of a resident population which does not have
enough spawning habitat to seed at least 70% of the rearing habitat. For situations where fry
production is insufficient to fully seed rearing habitats, low incubation success is usually the
reason. Note: Danny Lee modified these recommendations to even out the range of the classes to
Low (60-80%); Moderate (85-95%); and High (100%).

Incubation Success

Survival at this critical life stage may strongly influence the population growth rate and resilience
or the ability of the population to absorb or recover from disturbance. Where incubation and
survival to emergence are not reduced due to natural or human caused habitat disruption,
incubation survival would be expected to be similar to survivals documented in the field within the
best spawning habitats for cutthroat trout (35% to 50%). For this level to be selected: fine
sediments or sediment loading should not differ from natural conditions; channel and watershed
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conditions should be well within sediment/discharge equilibrium; and high water quality and
favorable stream flows are maintained throughout the incubation period.

Selection of the 5-20% range (Low) would be characteristic of watersheds where substrate is
moderately to heavily embedded with fine sediments or where water quality has otherwise been
degraded within the incubation environment. Fluctuations in water quality or streamflow during
incubation may substantially reduce survival (e.g., through dewatering or scouring of redds). The
above factors would result in estimates of survival from egg to emergent fry being less than half of
that expected in high quality habitats.

No recommendations to revise this node were made by Shepard and Sanborn. Therefore, the
ranges remain as Low (5-20%); Moderate (20-35%); and High (3 5-50%).

"Maximum Fry Survival" (i.e. Density Independent, Early Rearing and Overwinter
Suarvival)

The quality of initial rearing and overwinter habitats for young-of-the-year salmonids is an
important determinant of population resiliency, thus influencing temporal variability in population
size. High mortality (survivals rates under 20%) during this period may restrict the capability of
the population to recover from disturbance. Precise estimates of early survival are generally
possible only with intensive studies. Relative survival ranges, however, can be inferred from
habitat condition.

Superior habitat conditions produce high survival rates (> 30%). Extensive off channel and
stream margin habitats and high levels of instream cover are important for cutthroat fry. Instream
cover should create low water velocity microhabitats and visually isolate fry occupying these
microhabitat sites from other instream terrestrial, and avian habitats (i.e. woody debris and
substrate). Unembedded, cobble substrates should be widely available for age O cutthroat to use
during winter. Non-native fish species, especially brook trout, are believed to have an important
influence on cutthroat trout and might be particularly important in disrupted habitats. Non-native
fish species should not be present, or have limited potential of introduction through natural
dispersal, for an estimated survival rate of >30% to be assigned.

Where early rearing habitats are not widely distributed, where wood debris or other cover is very
low, and where off channel habitats are either lacking because of channel geomorphology, or
seriously degraded because of channel instability, maximum fry survival should be rated under
20%. Moderately to highly embedded substrates where alternative cover is lacking also suggest
a low survival. In addition, low survival would be consistent where one or more species of
non-native occur within the watershed and either are, or could be, widely distributed throughout.
The influence of non-native fish species could be considered moderate only if it can be shown that
the influence of that non-native species has little impact on cutthroat trout.
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Rationale: Original rating categories were not changed. A change was made in the narrative
which increased the importance of non-native fish species on early survival. Shepard and Sanborn
maintain that a single, non-native species (such as brook trout) adversely affect WCT fry capacity

through two mechanisms:

1. Non-natives {e.g. brook trout) directly increase mortality through
predation and competition.

2. Non-natives (e.g. brook trout) may limit habitat capacity by occupying
habitats that could be occupied by cutthroat trout in allopatry (allopatric
species are those that occur in different geographical areas).

Therefore, they integrated adverse effects from the presence of brook trout at four levels within
the model. At this level, they suggest that when brook trout occur with WCT there needs to be
good evidence to select a survival range rating higher than 25% (moderate rate). In addition,
streams where non-natives , especially brook trout, occur with WCT they recommend that "Fry
Habitat Capacity" be rated as "Low" and "Sub-Aduit Survival" as "Low" or "Moderate".
They also suggest that the presence of non-native fish species be considered in the ""Adult
Survival” assessment. Note: Danny Lee modified these ranges in the final model to even out the
ranges for the classes into 10-20% (Low); 20-30% (Moderate); and 30-40% (High).

"Fry Capacity"- Habitat Capacity Early Rearing

The availability of habitat critical to early rearing and overwinter survival can limit the ultimate
size of a population. Habitats described above may be restricted in availability or in distribution
such that habitat for juvenile rearing becomes limiting to the population. Recognizing such
limitations will often not be possible without detailed studies of population dynamics and habitat
utilization. Such limitations might be inferred, however, where habitat requirements or
preferences are documented and habitat inventories are available to determine the relative
capacities for different life stages throughout the watershed.

Habitats capable of supporting more than 7,000 age 1 cutthroat trout would indicate that juvenile
rearing habitat is widely distributed throughout the watershed, particularly in relation to spawning
sites. For this habitat capacity to be selected, no non-native trout species would occupy, or have
easy access to, the portion of habitat where this level of age 1 fish could be supported and the
length of stream occupied by cutthroat trout should be at least 4 km. Low habitat capacity would
indicate watersheds where juvenile rearing habitat is in short supply, and is not widely distributed
in relation to spawning sites. A low habitat capacity would indicate the habitat is capable of
supporting fewer than 4,000 age 1 fish. The presence of non-native fish species, particularly
brook trout, should indicate a low fry habitat capacity.

Rationale: Shepard and Sanborn modified the ranges for Fry Habitat Capacity to reflect the fact
that most WCT populations in the Missouri are isolated in relatively short stream segments (under
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3 km) where 3,000 fry may be the upper limit of capacity. They also added another class to make
fry capacities 3,001-6,000 (Low); 6,001 - 9,000 (Moderate); and greater than 9,000 (High).

Note: Danny Lee grouped the upper two classes creating a new "High" range (7,000-20,000);
Moderate (4,000-7,000); and Low (1,000-4,000).

Sub-Adult Survival

Sub-adult survival has an important influence on the structure of salmonid populations,
influencing year-class strength and resilience. Survival from age 1 to adult may vary substantially
between resident and migratory life history forms and be strongly influenced by human caused
disturbance and environmental conditions. Interactions with non-native salmonids, especially
brook trout, may influence sub-adult survival. Competitive for space and food, or direct mortality
from predation may reduce survival of sub-adults.

Sub-adult survival rates in the high range (38-50%) would generally be expected for resident
populations that do not migrate out of the local watershed, and where high quality pools, complex
cover, or other habitats important for rearing and overwinter are widely available. The population
would be allopatric (the only fish species present) or exist within native species assemblages.

Moderate sub-adult survival rates {26-38%) may occur in allopatric populations occupying
degraded habitats; or in populations occupying high quality habitats if they are exposed to
competition or predation influences from non-native fishes.

Low survival rates (<26%) during this stage would be expected for populations in degraded
habitats with limited rearing and over-wintering habitats and where non-native species are present.
Low sub-adult survival would also be expected for migratory populations that must use migratory
corridors and associated rearing environments (larger rivers, lakes, ocean) where human caused or
natural changes (dams and diversions, introduced and or enhanced predator populations, water
quality) have significantly reduced survival.

Rationale: Shepard and Sanborn did not change any of the rates for sub-adult survival because
they did not have any empirical data or strong enough inferences to do so. However, they did
incorporate an explanation on the influence of non-natives (see "Rationale" - "Early Rearing and
Overwinter Survival”) ... {for streams where non-natives , especially brook trout, occur with
WCT they recommend that FRY Habitat Capacity be rated as "Low" and Sub-Adult Survival
as "Low" or "Moderate"}.

Therefore, the ranges remain as Low (14-26%); Moderate (26-38%); and High (38-50%).

Adult Survival

A number of factors may influence adult survival (annual survival during and following the year of
first maturity), but exploitation is particularly common for westslope cutthroat. Exploitation may
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put some populations of westslope cutthroat at high risk of extinction either by directly driving
populations to collapse or by reducing population size and resilience and indirectly increasing
risks associated with other factors.

For moderate or slow growing populations in unproductive waters, unrestricted fishing effort of
100 to 200 angler hours per km can result in serious over exploitation of mature fish (Rieman and
Apperson 1989).For estimated exploitation of 60% or greater, or slow growing interior
populations with angling effort in excess of 200 hours per km annually and not restricted by any
form of special regulation (e.g., size, catch and release) should be considered evidence of low
(<30%) adult survival. Alternatively, direct evidence that the adult population has been seriously
depressed in number, or age/size structure by angling would warrant a low score. Any other
factors such as food, cover, and competition with non-native fishes that might be deemed to have
an important influence on survival at this stage should be considered (see "Rationale” - "Early

Rearing and Overwinter Survival").

Adult survival greater than 50% should be expected in systems that are generally inaccessible or
otherwise receive little or no fishing pressure; or in systems where fishing is limited strictly to
catch and release, or harvest would occur only during periods of clear surplus production. Habitat
conditions should also provide abundant food and cover for adult fish (post maturity) throughout
the year. Pre-spawning mortality is low and fishing mortality is low. Pre-spawning conditions
should also be considered in determining adult survival rates.

Rationale: Shepard and Sanborn increased the upper survival level for adults from 60% to 80%
based on estimates from unexploited populations. Natural mortality rates of adults has been
documented to be 30% (70% survival) in some Idaho streams. Shepard and Sanbormn believe that
an upper survival level of 80% is reasonable in non-exploited, remote waters where there is high
quality habitat. Note: Danny Lee created three equal classes: Low (10-30%); Moderate
(30-50%); and High (50-70%).

Age of First Maturity (age 3 to age 6)

Age of maturity, longevity, and fecundity will influence reproductive potential and the potential
growth rate of a population. These characteristics ultimately influence the resilience of a
population to exploitation and disturbance. Faster growing individuals may mature earlier but
availabie information suggest that differences tend to be larger among species than among
populations or life history forms of the same species.

The expected age of maturity is best determined from specific life history studies but useful
approximations can be made from other studies of the same species and life history in similar
environments. Recent information on westslope cutthroat populations in the Upper Missouri
Basin (Downs and Shepard, in prep.) give the following proportions for age at first maturity in

females:
age3:. 30%
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age 4. 40%
age 5: 20%
age6: 10%

Unless specific data exists for the population being evaluated, it is suggested these proportions be
used. '

Rationale: Shepard and Sanborn included a prior belief Age at First Maturity which is
represented by the values presented above. The proportional distribution of age at first maturity
is based on sampling of resident populations in the upper Missouri River basin and is consistent
with proportions found in the scientific literature. Shepard and Sanborn believe that these values
should be used for resident populations within the UMRB unless stream specific data is available.

Fecundity

Higher fecundity increases reproductive potential, resulting in higher resilience to exploitation or
disturbance. Often migratory and resident life history forms of the same species in the same area
will have dramatically different growth rates and sizes at maturity and therefore, it is important
to consider whether both are present in the system. In general, if a migrant and resident form
exist within the watershed the assessment and characterization of growth should focus on the
dominant form. Fecundity is directly related to body size, and the relationship is similar among
salmonids. If specific data are not available, mean body size of adult females can be used to score
fecundity.

Low fecundity is expected for most resident westslope cutthroat trout populations where mean
body size of mature females is less than 200 mm (200-500 eggs per adult female). In resident
populations where mature female size consistently exceeds 200 mm, fecundity of 500-800 eggs
per female would be expected. Since resident westslope cutthroat rarely exceed 300 mm in
length, moderate or high fecundity rates would not be expected.

Fecundity in the 800-1,100 eggs per female range, although not expected, may occur in migratory
populations were mature fish exceed 300 mm in length. It is not expected that any westslope
cutthroat trout within the upper Missouri system would have fecundities over 1,100.

Rationale: Shepard and Sanborn altered the ranges identified in the Draft BayVAM Guidelines
(Rieman and Lee, 10/19/94) based on fecundity data collected on resident populations of WCT in
the upper Missouri River basin. This allowed for more refined fecundity estimates for these
populations. Shepard and Sanborn assigned lower fecundities to WCT populations inhabiting
smaller, colder, and less productive habitats where adults attain a smaller maximum length
(150-200mm) then for larger adults (200-300 mm) in populations inhabiting larger, more
productive habitats. Note: Recommendations revised fecundities were further modified by Danny
Lee to allow for a more uniform classification. Low (200-500); Moderate {(500-800), High
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800=1,100: and Very High (1100-1500). "Very High" was added by Danny Lee and should not
be used in the upper Missouri River basin WCT analysis.

The model provides two ways to derive local population characteristics. These characteristics can
be derived using information output from the individual life stage portion of the model, or can be
input by the user based on their knowledge of an individual population. The local population
characteristics which the BayVAM model use are population size and resilience, temporal
variability, and catastrophic risk.

Since it is possible for the equilibrium population size and population resiliency to come from two
levels, the life stage or population levels, some weighting of the evidence is required. Thus,
module users must state whether they wish the population-leve! information to be given less,
equal, more, or much more weight than the life-stage information. In general, life stage
information should be weighted more than population information unless time trend population
data has been collected.

No changes were recommended by Shepard and Sanborn to this portion of the model.

Initial Population Size

The size of a population influences risk of extinction through environmental variability. Although
small watersheds are likely to support smaller populations than large watersheds, population size
is best inferred with some basic information on fish density and distribution. Recent estimates of
several isolated populations demonstrate that watersheds with only a few kilometers of available
habitat can support tens to thousands of individuals. If the data necessary to extrapolate an
approximation are available they should be used. Total populations that exceed 850 aduits and
are not expected to drop below these numbers are considered "high". Adult populations that are
consistently below 450 individuals should be considered "low". When estimating adult numbers,
consider all mature fish alive in a given year, not just those spawning. It should be noted that
initial population size has relatively little effect on model outputs other than setting initial
conditions.

No changes were recommended by Shepard and Sanborn to this node.
Expected Population Size (high, moderate, low, zero)
The information collected at the individual life stage level collectively will predict an expected

equilibrium population size. If independent data or information are available that would lead to an
independent estimate of the expected number of adults to be found within the basin, this can be
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included in the analysis. A "high" score would correspond to an estimated adult population size
of greater than 850 adults; "moderate" = 450-850 adults; "low" = less than 450. If population
monitoring data exists which shows a consistent downward trend, the population is likely headed
to extinction, so an equilibrium size of "zero" is appropriate.

Population Resilience (high, moderate, low, none)

Populations with negative growth rates face a "deterministic" extinction uniess stabilized by
compensation in survival or reproductive rates. A population may have no clear trend in
abundance but its inherent resilience will still determine its ability to resist or recover from future
disturbance. Both the trend and resilience of a population will be the integration of survival, age
at maturity and reproductive potential. The characteristics defined under Individual Life Stages
should provide the necessary evidence of resilience but often information will be limited or
conflicting. Trends in populations and inferences about resilience may also be possible from
information on the population as a whole that will either support or outweigh information
available for individual life stages.

A "high" population resilience should show no negative trend in abundance with at least 10 years
of good density or population estimates. If the population has been reduced by a short term
disturbance, it is clearly recovering. Alternatively densities should be consistent with those
reported for strong populations in good habitat. Local habitat quality should be high, and human
disturbance or recent natural events should not have altered watershed condition or channel
equilibrium. Available estimates of growth and survival should be consistent with other strong
populations. If a migratory form is present, the complementary environments {(e.g. larger river,
lake, ocean, and migratory corridors) do not impose any unusual or increased mortality (e.g.
fishing, predation, overwinter survival, smolt survival).

"Low" resilience could be evident from a siow decline in population trend information although
inter-annual variability may make the trend statistically insignificant. Low resilience might be
expected if habitat has been disrupted to some degree such that a significant reduction in
abundance, growth, or survival of any life stage is anticipated in relation to the best habitats and
likely will not recover to predisturbance conditions within one to two generations. Alternatively a
low resilience should be characteristic of a population that appears stable at densities well below
those expected for the system; or a population that has been depressed by a short term or recently
eliminated disturbance (e.g. exploitation) but shows no evidence of recovery.

A "None" resilience should be concluded from any significant negative trend in number that has
extended for several generations. A decline might be inferred from a substantial reduction in

population size that can be associated with a continuing, irreversible (in the short term) loss of
critical habitat quality or quantity.

Temporal Variability in First Year Survival or Adult Numbers (Juvenile CV and Adult CV
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in Model)

The most influential determinant of temporal variability in population number is believed to result
from environmental variation affecting spawning success and early rearing. Variation in
population size may be strongly influenced by the natural disturbance regime but also by the
condition of the local habitat and distribution of the population through space. In our underlying
model, temporal variability in the population results from fluctuations in juvenile survival. Itis
mitigated by the degree of population resilience, i.e., more resilient populations exhibit lower
levels of variability in population numbers. If information is available on variation in first year
survival, it can be incorporated into the analysis in the "Juvenile CV" node. In addition, we can
use information on the coefficient of variation in adult numbers to infer both environmental
variability and population resilience. Estimates of the coefficient of variation in either juvenile
survival/abundance or in total/adult population number are best made from extended time series of
population size or density. If this type of information is available, it should provide a more
realistic of value the variability experienced by that population, especially if the time series of data
is relatively long (ie. ten years or longer). If this data is unavailable, inferences can be made from
habitat and population age structure information, however, the confidence in classes assigned
from these type of data should be lower.

"Low" variability in juvenile survival could be inferred from low variability in channel events such
as extreme flows, or other environmental conditions that likely influence spawning and incubation,
and in systems with highly diverse, widely distributed and complex habitats available all life
stages. In general, habitat complexity and spatial diversity should strongly influence temporal
variability even in noisy environments. The availability of refuges and distribution of the
population and critical life stages over a broader area makes the whole population less vulnerable
to localized disturbance. Such complexity is characteristic of large watersheds where all resident
life stages or necessary habitats (spawning, early rearing) are widely distributed throughout.
Ideally multiple tributary streams would exist, each being capable of supporting all life stages
should others be lost. There should be no evidence or expectation of year class failures and all
age classes would be fully represented in population samples (Coefficient of Variation {CV] in fry
survival less than 40%).

"High" temporal variability is expected in systems where survival and recruitment clearly respond
to frequent (1 or more per generation) events. Year-class failures would be common and
population samples would often show uneven distribution of age classes. High variability might
be anticipated in simplified or spatially restricted habitats critical for individual life stages, and in
watersheds with only a single tributary stream available for any life stage, especially where
extreme flow events (rain on snow, drought) or bedload scour is common. (CV in fry survival is
between 65% and 90%).

Evidence temporal variability based on time series of adult numbers can be divided into four
categories based on the CV in the adult index: low = CV <25%, moderate = 25% <CV <50%,
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high = 50% <CV <100%, and very high = CV > 100%.

Catastrophic Risk (high, moderate, low)

Catastrophic events are low frequency events that substantially affect all members of a population.
Catastrophic impacts on habitat may take years to recover. Thus, populations are at risk through
the event itself, but also are likely to be less resilient and thus at greater risk to some future
disturbance following the event.

Massive debris flow and scour, droughts, volcanic eruptions, earthquakes, glaciers, fire storms,
toxic spills, and dam failures are all examples of catastrophic events for salmonid populations.
Catastrophic events are by nature unpredictable and have been rarely considered in viability
assessments. Such events, however, may strongly influence the risks of extinction for many
populations. The potential for a catastrophic event will be influenced by physiographic
characteristics of the watershed, and by the distribution of fish, critical habitats or refuge . In
some cases human disturbance or development may significantly increase the potential for
catastrophe from natural extreme events. Some poorly managed watersheds, for example, may
suffer catastrophic changes to stream habitats as a result of an extreme hydrologic event within a
stream channel impacted by management or by debris or sediment torrents triggered by a
combination of natural (climatic) and management (logging and roading) conditions.

A "high" catastrophic potential would be appropriate where a half or more of the population
(50% or more) could be lost in a single event expected within 20 to 70 years. Watersheds with
high risk also are prone to major channel events such as debris torrents, massive bedload scour or
extensive channel dewatering, perhaps because of the combination of intensive watershed
disruption and high frequency of extreme hydrologic events (rain on snow, drought). Major fires
might result in catastrophic loss in portions of a watershed. Fire likely would not have a high
catastrophic potential unless the population were restricted to a relatively small area (single
stream), or if the fire occurred in concert with other disturbance of the watershed substantially
increasing the risk of a hydrologic event.

"Moderate" catastrophic potential is likely for most watersheds exposed to some human
disturbance. This level corresponds to an event expected on a frequency of 70-120 years.

"Low" catastrophic potential could be appropriate for large watersheds that essentially are not
exposed to human disturbance or development, are stable geologically and hydrologically, and
have populations with all life stages, range of elevations, and multiple tributary streams.
Probability of a catastrophic event less than 1 in 120 years.
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APPENDIX C

QUESTIONNAIRE: PART B
(6TH CODE HUC OCCUPIED BY WCT POPULATION)

Interdisciplinary Teams (ID) Teams used existing data, occular measurements, and/or professional
judgement to rate the effects on aquatic systems within the occupied 6th code HUC from each of
the following management activities or human-related disturbances (roads, grazing, etc.).
"Occupied" 6th code HUCs were defined as those which were identified in Part A as being
occupied by a westslope cutthroat trout population with greater than 90% genetic purity.

The following rating system, based on USDA, Intermountain Research Station's "Natural Aquatic
Habitat Condition” database, was used to estimate contribution of effects to aquatic systems
within the 20,000 - 40,000 acre occupied watershed:

No Management; Low (1-10%); Moderate (11-20%); High (Greater than 20%)

A narrative description supporting the rating was required, as well as, supporting documentation
if rating was outside of the percentages given above. ID Teams were also asked to address each
of the key factors listed under each management activity/human-related disturbance. Finally, ID
Teams were asked to compare this with information used to complete Part A of the questionnaire
and to identify whether or not conditions in the 6th code HUC were different. If so, supporting
documentation was require.

PARTB
1 Roads
f n i ithin 6th . (Place X on appropriate line)
DOQR___
No Roads_____ Low___ Moderate High

Narrative should address the following factors: landtype, road condition, road location(s), stream
crossings, road density, and any other factors which may affect aquatic systems within the 6th

code HUC.
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2. Grazing

Effects Of Grazing On Aquatic Systems Within 6th Code HUC:(Place X on appropriate line)
DQR
No Grazing/Browsing Low Moderate High

Narrative should address the following factors: landtype, class of stock, soil type, stream channel
type (Rosgen), riparian community, % of HUC grazed and any other factors which may affect
aquatic systems within the 6th code HUC.

(Place X on appropriate line)

No Mining/O&G Low Moderate High

Narrative should address the following factors: landtype, physical (e.g. Placer mining, oil or gas
well, etc.) or chemical (e.g. acid mine drainage, tailings, addits, reserve pits, etc.), % HUC
affected and any other factors which may affect aquatic systems within the 6th code HUC.
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. (Place X on appropriate

No Timber Harvest Low Moderate High

Narrative should address the following factors: riparian harvest, fuelwood cutting, logging
techniques, % of HUC harvested, number of re-entries, regeneration success and any other factors
which may affect aquatic systems within the 6th code HUC.

Hitects O dil i Jawdl JNQAMNCTILS O '4‘! P CIIS ithi QU I (P}ace
X on appropriate line)

No Water Withdrawals/Impoundments___ Low Moderate High

Narrative should address the following factors: diversions (location, quantity in relation to
baseflow, season of diversion, etc.), impoundments (number and size any other factors which may
affect aquatic systems within the 6th code HUC.
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. (Place X on appropriate line)

No Angling Pressure Low High DQR

"Low" (i.e., WCT occupied section of stream relatively inaccessible to public; little physical
evidence of angling pressure or use within the area adjacent to the stream.

"High" (i.e., WCT occupied section of stream is very accessible to public with well-maintained
roads and/or proximity to heavily traveled corridors; physical evidence present within the area
adjacent to the stream of moderate to heavy angler pressure or use.

Narrative should address the following factors: road access, proximity to local population centers
and/or recreational development areas, fish densities and any other information on angling
pressure which may affect aquatic systems within the 6th code HUC.

7. -Native Fish Distribution ndan

Effects of Non-Native Fish species on Aquatic Systems Within 6th Code HUC: (Place X on

appropriate line)

None(Native Fish are Not Present) Low Moderate High DQR

"Low" - Brown trout only; "Moderate" - rainbow or yellowstone cutthroat trout; "High" -
brook trout or brook trout in combination with rainbow and/or yellowstone cutthroat trout.

Narrative should address the following factors: presence or absence of non-native fish species; if
present, identify species present, distribution and abundance, proximity to WCT population,
assessment of risk to WCT population, and other information which may be pertinent to
describing effects to aquatic systems within the 6th code HUC.
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LGN {01 orest O
X on appropriate line

No Effect Low (1-25%) Moderate(26-50%) High (Over 50%)

Narrative should address factors such as Management Area Prescriptions and other allocations of
National Forest System and BLM lands.

9. Catastrophic Risk (Fire)

.."..i..-._ ald ,' .-.*,', C i ..:‘:.A-.
existing conditions: (Place X on appropriate line)
DQR
No Effect Low (1-25%) Moderate(26-50%) High(Over 50%)

Narrative should address factors such fuel loading, riparian condition, absence of "refuge"” areas,
and other factors that would help evaluate the risk of a catastrophic fire to aquatic systems within
the 6th code HUC: lands.




Ifves, why?

10.  Cumulative Effects

Of the previously identified land management activities that are adversely affecting aquatic
resources within the 6th Code HUC, what is the cumulative adverse effect on aquatic systems?

DOR

No Effect Low Moderate High :

Narrative should identify those activities/factors that are having the greatest adverse effect on
aquatic systems within the HUC.
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