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Sporadic streamflow fluctuations are detrimental, “natural” flow fluctuations improve the
chances of protecting key habitats

Subadult bull trout ascending adult fishways (unpublished data from CPUD, 2004-2011)

Information provided by Steve Hemstrom, CPUD. Subadulis were descnbed as
BT<305mm

For 2004-2011, a mean of 18 (range 4-43) subadult BT ascending the fishway at Rocky
Reach

For 2004-2011, a mean of 6 (range 1-11) subadult BT ascending the fishway at Rock
Island

1t is likely that total bull trout reported as ascending the ladders at each dam are a
combination of both adults and a smaller proportion of subadults

Wells Dam (Unpublished Data, 2012: Email and Pers. Com, Andrew Gingerich, DPUD)

*

Fish counted at Wells Dam in the fish ladder were not sized

Andrew looked at 2011 videos and found that they were notifying him of sizes less than
and greater than 12” (300mm). They had not identified any subadults (<3 00mm) moving
in the ladder.

One PIT tagged fish tagged by WDFW in Twisp R did descend Wells Dam and was
picked up at Rocky Reach Dam (see below USGS/WDFW PIT tag data)

USGS/WDFW Methow and Twisp PIT tag data { unnubhshed 2012; Email and Pers Com, Kyle
Marten USGS and Bob Jateif, WDFW)

Two juvenile/subadult (163 and 174 mm) bull trout tagged by WDFW in the Twisp R
went 1o the Columbia and one was located at Rocky Reach Dam antennas ~7 mos. later
and one located at Wells Dam antennas and ~14 mos. later .

The fish picked up at Rocky Reach (#3D9.1C2D60B879) was not located at Wells Dam
antennas

One adult (480 mm) tagged in the Twisp R by WDFW went to Columbia R and was
located by Wells Dam antenna ~15 mos. later.

One adult (367 mm) tagged in the Methow R by USGS went to Columbia R and was
located at Wells Dam antenna~7.5 mos. later.

The accuracy of PIT tag aniennas varies depending on flow and species. They are
generally good for larger fish that tend to move along the bottom. They are highly
variable for juvenile fish at high flows. Small tributary readers tend to detect just about
everything. The Twisp and Chewuch do pretty good (>30%) at normal flows for juvenile
detections but lose efficiency as the flows go up. The mainstem Columbia adult readers
tend to just about every fish.

WDFW Screw Trap data (unpublished, 2005-2011; Email and Pers Com. Charlie Snow)

Life History Stages handled at T'wisp Screw Tra

Year Trapped | Juvenile Subadult Adult Total
(<150mm) (150-330mm) | >330mm)
2005 19 31 50
e e 2006 2 8 | 20 . S
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2007 1 9 10
2008 | 8 20 28
2009 7 14 21
2010 9 19 28
2011 2 18 1 (556mm) 21

e 2005 - 19/50 (38%) were juveniles <150mm; 31/50 (62%) were subadults.

s 2006 - 2/20 (10%) were juveniles <150mm; 18/20 (90%).were subadults.

s 2007 - 1/10 (10%) were juveniles <150mm; 9/10 (90%) were subadults.

s 2008 - 8/28 (29%) were juveniles <150mm; 12/28 (71%) were subadults.

e 2009 - 7/21 (33%) were juveniles <150mm; 14/21(67%).were subadults

o 2010 —9/28 (32%) were juveniles <150mm; 19/28 (68%) were subadults.

e 2011 -2/21 (10%) were juveniles <150mm,; 18/21(85%) were subadults; and 1 was an

adult (5%).

Summary Findings

10 year average of Adult fishway data suggests 66 fish passing Rock Island Dam
annually, 150 at Rocky Reach Dam, and 63 at Wells Dam (FPC.org).

Although fish counts at adult fishways only cover about 5 to 8 months each year at all
Mid-Columbia dams, most fish are believed to move through the dams in May and July.
All 79 radio-tagged fish were all 4-7 years old; bull trout can live 12 to 20+ years.
Recent literature suggests adult age structures of 6-11 (Downs et al. 2006; sample size
n=47) and 4-12 (Parker ef al. 2007; sample size varied through time but ranged from
n=20 to 84 at Harrison Lake).

Although the aging methods used by BioAnalysts (2004) are the least accurate, given the
inherent difficulties of aging coldwater fish, their sample size of n=79 should have been
large enough to detect age class 8+ bull trout (if present?), based on other findings in the
literature.

About 13 to 21% of radio-tagged sampled bull trout make large movements (up to 140 to
170 km); for the purpose of this analysis, we estimate 17% (the mean of 13 and 21%) of
bull trout may make these large movements. Movements can exceed 200 km. However,
PIT tag data for suggests that only 1-2% of the Methow River Core Area bull trout make
large migrations past Wells dam. These differences may reflect tagging location and the
proportion of migratory bull trout sampled (i.e., the likelihood of tagging a migratory fish
is greater in the mainstem Columbia, whereas fish tagged in spawning tributaries may not
be migratory).

Detailed movement patterns of 10 of the 79 tagged bull trout show multiple upstream and
downstream movements through the dams (BioAnalysts 2004). Using raw ladder counts
may overestimate the actual number of bull trout ascending dam ladders by about 12 to
28 percent (about 20% overall).

Location of capture (mainstem Columbia vs. tributaries) may influence movement
patterns. Kelly-Ringel and DeLaVergne (2006) and Nelson et. al (2007) both observed
less migratory behavior in tributary captured fish than mainstem Columbia captured fish.
Spawning frequency is variable: Downs ef af. (2006) found annual repeat spawning was
more common that alternate-year spawning (about 88%) over 4 years; this is consistent
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with Baxter and Westover (1999) that found a 2:1 ratio. However, Kelly-Ringel and
DeLaVergne (2006) suggest 22 percent of fish radio-tagged may have spawned multiple
times over a 2 to 3 year period; about 88% of fishes radio-tagged tracked for only 1 year
spawned. .

¢ Core area use varied within and between years, but on average (Service interpretation of
BioAnalysts 2004); spawning of mainstem tagged fish occurred as follows: 25%
Wenatchee, 50% Entiat, 12.5% Methow, and 12.5% unknown (due to insufficient
information). This accounts for the difference in single vs. multi-year monitoring and
consecutive vs. alternate-year spawning. Note that this generalized movement pattern is
more appropriate near Rock Island and Rocky Reach Dams, due to their juxtaposition to
the Wenatchee and Entiat Core Areas and may not be appropriate near Wells Dam. The
Wells distribution is approximately 86-88 % Methow, 10-12% Entiat and only 0-4%
Wenatchee (see LGL and DCPUD 2008). For the purposes of the proposed action, we
will use the high end of the respective ranges for the Wells distribution.

o Ladder counts at Tumwater Dam suggest peak movement occurs about 45 days after the
peak of the hydrograph and averages about 110 fish; however, the trend appears to be in
decline, similar to that observed at the mainstem Columbia Dams,

» Harvest (illegal, commercial, and sportfishing) can exert substantial pressure on
population abundance and demography.

¢ Few bull trout have been incidentally observed in the operation and maintenance of Priest
Rapids and Wanapum Dams.

e A lack of understanding of the manner and limitations of data collected for juvenile bull
trout in the Mid-Columbia confounds the usc of this information.

e The high number of juvenile bull trout observed at the Chiwawa screw trap but low
numbers observed at the Wenatchee River trap at Monitor, may suggest:

1. that juveniles from the Chiwawa remain in Lake Wenatchee or the upper
tributaries rather than move downstream (similar to the adult use patterns found
by Kelly-Ringel and Del.aVergne 2006)

2. they experience high mortality

3. contribute few individuals to the mainstem Columbia

e Juvenile bypass data suggests few juvenile bull trout use the mainstem Columbia; a total
of 1 to 30 and 4 to 36 sub-adults have been observed at Rock Island and Rocky Reach
Dams, respectively.

s Juvenile outmigration varies between core areas. Screw Traps in Wentachee, Entiat, and
Methow show peaks of migration in Spring and Fall with some movement in summer.
However, screw trap efficiencies vary significantly. :

¢ Bull trout sizes are not recorded by fish counters at Wells Dam fish ladder video,
interpretations made by Andrew Gingerich for this BO, No subadults counted in 2011.
Video not available to determine previous years.

e - USGS/WDFW PIT tag data showed four bull trout moved to the Columbia River from
the Methow and Twisp Rivers. Efficiencies vary with size of stream and stream flow.

e There is a large percentage of juveniles and subadults within area of the WDFW screw
trap located downstream of the Twisp Weir. In 2005 90% of the bull trout handled at the
screw trap were juvenile bull frout (<200mm) however, 19 or 38% were <150mm. The
largest % of juveniles observed in this reach of the Twisp R;” also, indicates that all life
history stages are located in the vicinity of the Weir.
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Population Estimates

Population estimates for adult, subadult, and juvenile bull trout need to be developed to
determine the degree of exposure of bull trout to the effects of the proposed action. Specific
areas include the mainstem Columbia (i.e., to assess Wells Dam, hatchery, and other structures
and facilities), the Okanogan (i.¢., acclimation pond), the mainstem Methow (i.e., Methow
hatchery), and Twisp River (i.e., Twisp weir and trap, acclimation pond). For the mainstem
Columbia, ladder counts (adjusted for multiple upstream/downstream movements) may provide
an easily obtainable estimate. Tributary estimates are dertved from radio-telemetry data, screw
trap data, and other information. All estimates are annual and estimate potential exposure to
effects of the proposed action, not the number of individuals adversely affected.

1. Adult Population Estimate

Mainstem Columbia _

Ladder counts (adjusted for multiple upstream/downstream movements) may provide an easily
obtainable estimate. Data from DPUD and BioAnalysts (2004) suggests ladder counts at Wells
Dam average about 64 (range 17-108) from 1998-2008. The Service believes the first year
(1998, when only 17 bull trout were reported) may be an underestimate as many early data were
not systematically collected. If the 1998 data are not considered, the average raw ladder counts
at Wells Dam are 68 (range 43-108) adult bull {rout. Adjusting for the multiple upstream and
downstream movements of individual bull trout (which may overestimate the actual number of
bull trout by 20%), the mean population estimate for the mainstem Columbia near Wells Dam is
about 55 adult bull trout. The highest number of BT recorded, adjusted for multiple upstream
and downstream movements, is 86. Given the information provided by Steve Hemstrom (Chelan
PUD), that suggests about 12% of all bull trout counted as using adult fishways are actually
subadults, the adjusted mean is 48 adults and the highest number is 76.

Okanogan River

Available radio-telemetry suggests periodic use of bull trout in the Okanogan River.

BioAnalysts (2004) detected bull trout in the Okanogan up to rkm 9. Underwater video provided
by the Colville Tribe (OBMEP 2007 and 2008) documented bull trout use at Zosel Dam. One
adult bull trout was observed each year in 2007 and 2008. Currently there are very few
observations of bull trout in the Okanogan River, but they are present at least seasonally.
Historically, they may have been more abundant, with older accounts of fishing (i.e., newspaper
articles) that targeted bull trout. The typical warm water summer temperatures (above 15 °C)
likely prevent year-round use, and no spawning is known to occur in the Okanogan. The
movement patterns observed appear to be exploratory or seasonal in nature, and are typical of
bull trout in the Columbia basin. The limited amount of information prevents us from providing a
precise quantitative estimate, so we assume the highest number of adult and subadult bull trout
detected any given year (n=1) is our annual estimate.

Mainstem Methow River
The mainstem Methow is important FMO habitat for bull trout. Nelson et al. (2007) described
the movement patterns of 13 USFWS radio-tagged and 17 PUD radio-tagged bull trout in the
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Methow Core Area. The mainstem Methow was used extensively as a migratory corridor to
spawning habitats by multiple local populations, and as FMO habitat (particularly around the
towns of Winthrop and Methow). Detailed movement patterns observed by Nelson et al. (2007)
showed habitat use in 6 of 10 local population areas despite their limited sample size.
Considering the metapopulation theory used to characterize bull trout populations in the draft
recovery plan (USFWS 2002a) and that the migration distances between local populations in the
Methow Core Area are well within their capabilities (see Nelson et al. 2007), we assume all local
populations in the core area use the mainstem Methow River, So while movement patterns
displayed substantial use of the mainstem Methow, it is difficult to quantify this use. Since
listing in 1998, redd counts have varied from 117 to 174, averaging 152. This estimate was
derived from 7 years of comparable data from 7 of 10 local populations. Assuming 2 bull trout
per redd as an estimate, about 304 bull trout use the mainstem Methow.

To account for bull trout that may have migrated from other core areas, we can make inferences
from radio-telemetry. LGL and DCPUD (2008) reported that BT radio-tagged at Wells entered
core areas as follows (high end of distributions): Methow — 88%, Entiat — 12%, Wenatchee —
4%. BioAnalysts (2004) reported fish radio-tagged throughout the Columbia entered core areas
as follows: 25% Wenatchee, 50% Entiat, 12.5% Methow, and 12.5% unknown. Where it is
available, detailed movement patterns show that bull trout readily move between core areas, but
with low frequency. Previously, we estimated that long-range migrations are made by 13-21%
of a given local population (BioAnalysts 2004). If we use the Wells distribution as an estimate
(LGL and DPUD 2008), then 11 BT from the Entiat and 9 BT from the Wenatchee may also use
the Methow core area (i.c., calculated from the total estimated number of adult migratory fish).
This raises our estimate to 324 adult bull trout (304+20) may use the Mainstem Methow.

Twisp River

Existing information suggests that the Twisp River upstream of the confluence with Little Bridge
Creek is important spawning and rearing habitat for bull trout, and that spawning mainly occurs
in the upper Twisp, and Buttermilk, North, and Reynolds Crecks. Based on annual redd surveys
of index reaches in the Twisp for the 10 years since listing (1998-2007), the Twisp has averaged
about 93 redds. Assuming 2 bull trout per redd as an estimate, about 186 bull trout may use the
Twisp., However, the Twisp River appears to be an important FMO habitat for bull trout and
may be used by multiple local populations from the Methow core area (based on radio-telemetry
and other information), and conforms to our understanding of the general life history
requirements and habitat use patterns of bull trout. Anecdotal information (provided by DPUD)
suggests the total number of bull trout in the vicinity of the Twisp Weir, at least scasonally, may
be 350-400 adults. |

While we acknowledge substantial numbers of bull trout can use certain areas as important FMO
habitat, this range (350-400 adult bull trout) is greater than the estimate of total migratory adults
for the Methow Core Area. Even considering the alternate-year spawning frequency (Downs et
al. [2006] and Kelly-Ringel and DeLaVergne [2006] found 88% of bull trout spawned annually),
and bull trout from other core areas that may migrate to the Twisp, it is unlikely that our estimate
is off by a factor of two. To account for alternate-year spawning, if 88% of bull trout spawn
annually, then 2.24 bull trout per redd is a better estimate of the true spawning migratory adult
population. This suggests the population size of migratory adult bull trout in the Twisp is 208
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(mean annual redd count of 93 x 2.24). Using the same methodology as above (to describe
immigrates from the Entiat and Wenatchee), and assuming all these bull trout use the Twisp at
least for some portion of the time they are in the Methow, our population estimate is 228
(208+20).

What is critical to understand is the number of bull trout adversely affected. To that end,
information provided by WDFW (Charlie Snow, pers. comm.} suggests an average of 64 (range
36-91) bull trout are trapped and the Twisp Weir each year, although annual operations are
variable and are influenced by streamflow. As aresult, we will use 91 as our estimate of the
number of bull trout trapped, reflecting the highest number encountered. We further assume that
these 91 bull trout may also experience adverse effects due to delay in migration.

Characterization of Core Area Populations

Characterization of the status and trend of the local populations by Core Area provides valuable -
context to the significance of the effect of the action to these local populations. A highly
resilient local population (e.g., high population numbers and good habitat conditions) impacted
by the proposed action is anticipated to be at lower risk of extirpation than a local population of
low resiliency (e.g., low population numbers and poor habitat conditions).

1. Methow Core Area: overall, the Methow is unstable (high variability between years) but
indicates a slight increasing trend, and is influenced by a single large local population in the
Twisp River. Since listing in 1998, redd counts have varied from 117 to 174, averaging 152.
This estimate was derived from 7 years of comparable data from 7 of 10 local populations. The
core arca is considered to have low resiliency due to low numbers and population isolation. At 2
fish per redd, our core area estimate is 304 adult migratory bull trout.

2. Entiat Core Area: overall, the Entiat is unstable, and is low in numbers with no
distinguishable trend. Since listing in 1998, redd counts have varied from 33 to 53, averaging
45, This estimate was derived from 7 years of comparable data from 2 local populations. The
core area is considered to have low resiliency due to low numbers and only two local
populations. At 2 fish per redd, our core area estimate is 90 adult migratory bull trout. In recent
years the numbers of redds has fallen to less than 30. Thus, the trend for the last two years is
downward.

3. Wenatchee Core Area: overall, the Wenatchee 1s unstable but indicates a slightly increasing
trend, and is heavily influenced by a single large local population. Since listing in 1998, redd
counts have varied from 242 to 706, averaging 452. This estimate was derived from 7 years of
comparable data from 4 of 7 local populations. The core area is considered to have moderate
resiliency due to moderate numbers and generally connected habitat. At 2 fish per redd, our core
area estimate is 904 adult migratory bull trout.

4. Yakima Core Area: overall, the Yakima is unstable, and indicates a decreasing trend, and is

influenced by three large local populations. Since listing in 1998, redd counts have varied from
455 to 687, averaging 534. This estimate was derived from 8 years of comparable data from 10
of 16 local populations. The core area is considered to have very low resiliency due to the high
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degree of population isolation and low numbers in 13 of 16 local populations. At 2 fish per redd,
_our core area estimate is 1,068 adult migratory bull trout.

Although the distance between the Yakima and Methow Rivers is marginally within the range of
documented adult bull trout migration distances (BioAnalysts 2004, Nelson et al. 2007,
Paragamian et al. 2010), we have no radio-telemetry data showing bull trout tagged in the
Yakima have moved into the mainstem Columbia (WDFW 2006). However, our radio-telemetry
data are limited and may not have been robust enough to detect this occurrence if it is occurring.
PIT tagging data is developing rapidly with bull trout increasingly being PIT tagged since 1998
according to the Columbia River DART website. There have been several subadult bull trowut
which were PIT tagged both downstream (Walla Walla River) and upstream (Entiat River) of the
Yakima which were located in the Priest Rapids project area which is located just upstream of
the Yakima River. It is likely that as more movements are detected we will see new patterns
evolve.

Genetic data suggests that bull trout moved between the Yakima and adjacent core areas in the
past. The Yakima is located at a major intersection in the Columbia basin, where the upper
Columbia and Snake River evolutionary groups meet (see Spruell et al. 2003). Assessments of
bull trout population genetic structure at the scale of the entire Columbia Basin indicated some
apparent relationships among populations in the Yakima River, Upper Columbia River, and the
Snake River (Spruell and Maxwell; 2002; P. Spruell, pers. comm, 2004; M. Small, WDFW
Yakima Genetics baseline, 2009; Arden et al, 2011, ). The 2011 draft genetics report “Analysis
of Genetic Variation Within and Among Upper Columbia River Bull Trout Populations (Dehaan
and Neibauer 2011) show similarities between fish in the Methow, Wenatchee, and Yakima core
areas as well. The Yakima core area may be a “mixing zone” between these areas in terms of
demographic and genetic exchange (USFS 2004, p. 6; Ardren at al 2010, p. 26). So while some
degree of genetic exchange among the Yakima, Snake, and Upper Columbia must have occurred
in the past, current data is limited and we are unable to establish what frequency (if any) inter-
basin exchange oceurs today. So while we acknowledge Yakima Core Area bull trout are
capable of migrating long distanees (approximating the distance between the Yakima and the
Wells action area), and could move into the action area, we do not currently have enough
information to suggest adverse effects are reasonably certain to occur. This is due to a number of
factors, including degraded habitat conditions in the lower Yakima, reduced population sizes,
reduced expression of the migratory life history form, and a lack of specific monitoring to detect
this event if it is occurring. As a result, we do not believe the available information supports the
notion that Yakima core area bull trout will be adversely affected by the effects of the proposed
action.

2. Juvenile/Sub-adult Population Estimate

These population estimates are derived fo determine the exposure of bull trout to impacts that
occur as a result of the proposed actions. The majority of the available information is from
screw traps (see the DART website), PIT tagging data, unpublished PUD data, and other local
information. As described in the adult population estimate, characterization of the status and
trend of the local populations provides valuable context for the significance of the effect of the
action to these local populations. A highly resilient local population {e.g., high population
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numbers and good habitat conditions) impacted by the proposed action is anticipated to be at
lower risk of extirpation than a local population of low resiliency (e.g., low population numbers
and poor habitat conditions).

Bull trout have not been consistently accounted for or described in terms of their life history
stage. They may have been counted or described as being juveniles, sub-adults, or adults during
upstream passage events at the Project, other dams, traps, and weirs. Although there is variation
across the range of the species, we make the following assumptions for the purposes of this BO:
juveniles are typically associated with their natal streams and are <150mm (total length);
subadults are larger, better swimmers, may make extensive movements (upstream and
downstream) away from their natal stream, and are typically 150mm-330mm; and adults are
>330mm. Anglin et al. (2010) described the movement patterns of PIT-tagged bull trout from
the Walla Walla River. They observed 130 km upstream and 162 km downstream movements of
subadult (155-272mm) bull trout (Anglin et al. 2010). PIT tag data also shows that a bull trout
tagged in the Entiat was located at Priest Rapids Dam and a bull trout tagged in the Walla Walla
was located at the Priest Rapids Dam suggesting that these subadults move both upstream and
downstream and overlap upstream of the Yakima River. This suggests subadult bull trout may
move between core areas if they are within their migration range.

Little comparable data exists to make inferences about the population size of juveniie and sub-
adult bull trout in the mainstem Columbia. Screw trap data (Columbia River DART:
www,crb.washington.edu/dart/dart.html) did not include trap efficiencies, expansion factors, or
describe assumptions, but nonetheless appears (o be one of the most complete sources of
information. Screw trap and PIT tag antenna efficiencies can vary significantly. Most
downstream screw traps in the Methow, Entiat, Wenatchee, and Yakima core areas, presumably
the best indicator of the number of bull trout entering the mainstem Columbia, report up to 36
Jjuveniles/sub-adults collected. Other weir, electroshocking, and hook and line sampling in the
Yakima core arca also reports low numbers, from 1 to 5 individuals, although some adults were
also included in these totals, Similar patterns of reported use of the mainstem have been reported
throughout the Columbia basin in the Snake, Grande Rhonde, and John Day Rivers (Fish Passage
Center; http://www.fpc.org/). However, Anglin et al. (2010) calculated a population estimate of
192 subadult bull trouf (<300mm) over the life of his study in the Walla Walla having corrected
for detection efficiency.

As a result, the Service has very little information on which to base a population estimate for
juvenile or sub-adult bull trout. For the purpose of this analysis, we will use the highest number
reported to represent the minimum number of juvenile or sub-adults impacted. This low number
may reflect the natural and anthropogenic high mortality rate of juvenile and sub-adult bull trout,
as well as sampling bias, low detection probability, unknown proportion of fish that descend the
dam through the turbine, bypass, or spill, and other factors.

Although this is a rough approximation and may be a substantial underestimate, it represents the
best information available. Project monitoring would greatly enhance our understanding of the
estimate of the actual number of juvenile or sub-adults impacted. There is not enough
information available to suggest from which local populations these bull trout originated or the
proportion of contribution from each core area. The Service will assume all core areas contribute

mnm e m—
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individuals to some degree, the likelihood probably related to the distance from each core area,
but we are unable to quantify the proportion.

Mainstem Columbia

The highest number of juvenile or sub-adults ever reported come from smolt monitoring efforts
at Rock Island and Rocky Reach Dams (USFWS 20043a), although the data at Rock Island
included some adults or did not consistently specify age or size classification. For these reasons,
we will use the Rocky Reach data which does appear to be consistently collected; they report up
to 36 subadult/juvenile bull trout have been present annually, but also report no observations
some years, Near Wells Dam, the furthest downstream screw trap in the Methow is located near
Pateros, and has averaged 1.6 bull trout (range 0-6) between 2004 and 2011. It is likely that
these fish could move into the Columbia River for optimizing forage and overwintering
opportunities. In addition, migratory sub-adult bull trout may move from other core areas into
the action area. Anglin et al. (2010} described extensive sub-adult movement patierns: upstream
(130 km) and downstream (162 km); most (75%) movements were downstream. The Entiat
Core Area, known to have high proportions of local populations use the mainstem Columbia, is
well within these potential migrations distances. Screw trap data from two traps in the Entiat
suggests as many as 98 sub-adults may enter the mainstem Columbia. If Entiat subadults move
in a similar fashion in the mainstem Columbia as the Walla Walla subadults studied by Anglin et
al. (2010), we’d expect 25% of the Entiat Core Area sub-adults (about 25 individuals) to move
upsiream into the action area. Using the highest number of Methow screw trap data (n=6) and
estimates of migrants from the Entiat Core Area (n=25), we estimate a total of 31 subadult bull
trout for our mainstem Columbia River estimate.

Okanogan River

Very limited information is available. Most information is specific to migratory adult movement
patterns (BioAnalysts 2004) or is limited to species identification (Zosel Dam) and did not allow
for precise measurement of the individuals. For the purposes of this analysis, we will assume
both bull trout observed at Zosel Dam were adults. So while we have no verified subadult use in

the Okanogan, the Okanogan is within their migration distances as documented by Anglin et al.

(2010). As a result, we estimate the numbers of subadult bull trout exposed to the effects of the
proposed action to be similar to that of adults (n=1). Alternately, if we use the proportion of
subadults moving upstream (25%) described by Anglin et al (2010), we would estimate 1.5 bull
trout. For the purposes of this analysis, we will use n=1 due in part that spawning in the
Okanogan is not known and subadult movements are likely foraging and exploratory in nature.

Mainstem Methow River

In the Methow River Core Area, sampling at screw traps on the Twisp River averaged 25 (range
of 10-50) bull trout. On the Methow River near Carlton, in the lower portion of the Methow,
only 2 bull trout have been documented at the screw trap or an average of 0.7 bull trout in the 3
years it has operated. The furthest downstream screw trap in the Methow is located near Pateros,
and has averaged 1.6 bull trout (range 0-6) between 2004 and 2011. 1t is likely that these fish
could move into the Columbia River for optimizing forage and overwintering opportunities. For
the purposes of this analysis, we assume the highest number of bull trout detected (n=50} is our
estimate for the mainstem Methow.
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Twisp River
Screw trap data from the Twisp River (2005-2011) averages 25 {range of 10-50) bull trout

(Columbia River DART: www.crb.washington.edu/dart/dart.html). For the purposes of this
analysis, we base our estimate on the highest number of individuals captured (n=50). However,
due to the close proximity of upstream spawning habitats, the likelihood of juvenile bull trout
being present is elevated. We might assume movement patterns of juveniles in the Twisp are
seasonal, similar to that described by Downs et al. (2006), but website specific data from the
Twisp Weir with size classes that shows that on average 23% (range of 10-38%) are juveniles
less than 150mm. For the purposes of this analysis, we estimate on the highest number of
juveniles captured (19 out of 50) or 38%% of the individuals present are juveniles {(n=19) and the
remainder (n=31) are subadults.

Synthesis of Bull Trout Population Estimates

Adult Bull Trout :

Adult population estimates in the mainstem Columbia are based primarily on ladder counts at
major dams, adjusted for the multiple upstream and downstream movements made by
individuals. Estimates in the Okanogan are very coarse, based on the limited information
available. Estimates in the Methow and Twisp Rivers use a different approach, and make
expansions from average redd count data. While these tributary estimates are likely
underestimates, we believe this represents the best available information and is founded in
regional trend data.

Sub-adult/juvenile Bull Trout

Sub-adult population estimates were derived from a combination of screw trap data, PIT tagged
data, and observations at dams. Screw trap data are potentially severe underestimates of the true
population, without trap efficiency rates and expansion factors, but they nonetheless represent
the best available information. PIT tag data are good indicators but have some efficiency issues
and there are not full antenna arrays to pick up actual movement patterns. However PIT tag data
is beginning to show migration time and sizes of fish that begin to make longer movements (i.e.
some WDFW PIT tagged bull trout from the Twisp River ( >150mm) moved after 7 — 12 months
and were found in the mainstem Columbia River). Observations at dams have similar issues,
since we do not know the actual pathways of use (e.g., the proportion passing downstream
through collection facilities versus turbines/spillways), do not have year-round monitoring, and
other complications. Reporting of size classes is either not done consistently (e.g., at mainstem
dams) or may simply not be easily available (e.g., screw traps). To avoid the crude lumping of
the juvenile (<150mm) and sub-adult (>150-330mm) life history forms, we apply the following
rule set: :

¢ Juvenile bull trout are strongly associated with their natal stream. Movements out
of their natal streams typically results from high-flow events when refugia is
limited or not utilized (see Downs et al. 2006).

s Sub-adults make more volitional movements upstream and downstream, usually
at age 3 or 4 (see Downs et al. 2006). Anglin et al. (2010) observed large
upstream (130 km) and downstream (162 km) movements of subadult BT
(<300mm), and these travel times can be extremely variable (weeks-year).
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Given this, for the mainstem Columbia we assume only sub-adults are present. Our estimate of

the number of individuals reflects Methow screw trap data (6 individuals) plus upstream

migrants from the Entiat Core Area (25 individuals). For the Twisp, we assumed both juveniles

and subadults were present, due to the close proximity of project facilities to spawning areas.

Our estimate (50 individuals) reflects the highest number of individuals captured at the Twisp

screw trap, and we estimate 38% are juveniles (19 of 50 individuals). Mainstem Methow

estimates use the Twisp data (50 individuals) as a surrogate, but assume all individuals are sub- ‘
adults due to proximity to spawning areas. l

- Summary of Bull Trout Exposed to the Effects of the Proposed Action ‘
Based on the discussion above, we summarize our best estimate of the bull trout likely to be !

exposed annually fo the effects of the proposed action:

. DPUD Facilities Bull Trout Life History Stage Exposed

~ Waterbody | in Vicinity  Adult Sub-adult Juveniles
Mainstem Wells Dam
Columbia Wells Hatchery 76 31 0
Okanogan River | Acclimation Site 1 1 0

' Twisp Weir
Mainstem Twisp | Acclimation Site 228 31 19
Mainstem Methow
Methow Hatchery 324 50 0
Totals 629 113 19

Exposure of Bull Trout and Adverse Effects Anticipated

Exposure of bull trout to project facilities does not directly equate to adverse effects. The
~ mechanisms of effect are important considerations in this evaluation. For example, features such i

as spillways, turbines, fish ladders, traps, and weirs are unavoidable and are assumed to |

adversely affect all bull trout exposed, but exposure to acclimation ponds (e.g., water quality

impacts) and hatchery intakes/broodstock collection may be avoidable and only a proportion of

individuals may be adversely affected. Determining this proportion is largely a matter of

professional judgment and evaluation of the specific mechanisms of effects. At the Twisp weir,

the highest number of bull trout trapped (n=91) is used to reflect adverse effects to adults.

Impacts of the operation of the Twisp weir are conservatively estimated to impact 20% of all

adults not trapped (228-91=137 not trapped; 20% x 137=27). The mechanisms of adverse effects

to 20% of the adults not trapped present include delay in upstream and downstream movements

(see Kelly-Ringel and DeLaVergne 2006), and injury due to contact with structures. This

increases the number of adult bull trout adversely affected by 27. Impacts of the operation of the

Twisp weir are conservatively estimated to impact 20% of ali subadults and juveniles exposed.

The mechanisms of adverse effects to 20% of the subadult/juveniles present include delay in

upstream and downstream movements, and injury due to contact with structures. At the Methow !

Hatchery, only 1 bull trout has ever been captured during broodstock collection since the bull i

trout has been listed, so the potential for adverse effects is very low despite the large number of
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individuals present. Exposure to acclimation ponds is primarily an evaluation of water quality
impacts and prey base impacts upon release. Based on the available information, we believe
these impacts are discountable or insignificant and adverse effects are not anticipated. The

anticipated annual adverse effects are summarized as follows:

| DPUD Facilities Bull Trout Life History Adversely Affected
Waterbody |  in Vicinity Adult ‘Sub-adult Juveniles

Mainstem Wells Dam
Columbia Wells Hatchery 76 31 0
Okanogan River | Acclimation Site 0 0 0

Twisp Weir
Mainstem Twisp | Acclimation Site 118 6 4
Mainstem Methow
Methow Hatchery 1 0 0
Totals 195 37 4
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Figure B-1. As part of the Columbia River Distinct Population Segment the Draft Upper

Columbia River Bull Trout Recovery Plan Unit is shown below (Service 2002a)
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Figure B-2. As part of the Columbia River Distinct Population Segment the Draft Middle Columbia River Bull Trout Recovery Plan
Unit is shown below (Service 2002a).
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Figure B-3. Map of Bull Trout Critical Habitat in the Methow, Entiat, and Wenatchee Basins:
Unit 10-Upper Columbia River Basins (Service 2010a)

Critical Habitat for Bull Trout (Salvelinus confluentus)
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Figure B-4. List of Waterbodies designated as Critical Habitat in Unit 10- Upper Columbia
River Basins (Service 2010a).
Stream Stream
Bedgin Paint | Begin Point | Stressn End | Strearn End
Waterbody Name or Lake o Lake Paint Point

Centar Canter Latitude Longitude

Latifude Longitude
Alder Cresk ... 47 B45 -120.666 47.919 -120.647
L 0T N =T o S 48.084 -120.864 48.083 -120.866
Andrews Creek . 48,782 -120,108 48.787 -120.113
Beaver Creek . 48.327 -120.086 48.492 -119.983
Black Lake ... 48.829 -120.208
Blue Buck Creek 48.486 -120.005 48553 -119.963
BUCK CrBOK oo e ettt ettt et s e s sama e s e e r s e e s 48.104 -120.878 48,106 -120.886
Buttermilk Creek . 48.363 -120.339 48.340 -120.303
Canyon Creek ... 47.507 -120.805 47.891 -120.965
Cedar Creek .. 48 .58% -120471 48.568 -120.475
Chelen River .. 47803 -119.980 47.812 -119.985
Chewuch River . 48476 -120.182 48.844 -120.023
Chikamin Creek 47.504 -120.731 47.985 -120.718
Chiwaukura Tresk 47679 -120.728 47.715 -120.839
Chiwawa River .. . 47.788 -120.660 48.104 -120.878
COUGAE LAKE oot e et et st res et s s s st et e sracs s s sms e s nnas 48.881 -120.466
Crater Creek .. 48.214 -120.209 48215 -120.270
Diamond Cresk . 48.849 -120.422 48 855 -120.416
Drake Creek ...... 48.781 -120.396 48,797 -120.389
Eaidy Winters Creek .. 48.601 -120.438 48503 -120.625
East Fork Buttarmilk Craek 48,340 -120.303 48.296 -120.308
Eightimtle Gresk ... 48.804 -120.163 48.804 -120.338
Endat River 47 660 -120.218 47.920 -120.507
Eurska Crask . 48.700 -120.492 48.709 -120.508
First Hidden Lake . 48.899 -120.487
Foggy Dew Creek . 48.204 -120.190 48.161 -120.297
French Cresk . 47.628 -120.963 47,593 -i21.042
Goat Creek 48574 -120.379 482.730 -120.360
Gold Creek . 48.188 -120.005 48185 -120.118
Heanty Cresk 47.768 -120.991 47754 -120.696
Hucklabarry Cres 4B.569 -120.473 48.511 -120.450
Icidle Creek ... 47.550 -120.678 47 558 -120.672
Ingalls Creak .. 47.463 -120.661 47 448 -120.859
Jack Creak . . . 47.608 -120.900 47529 -120.952
James Creek .. et e e e 48077 -120.858 48.075 -120.861
Lake Creek ... 4B.750 -120.137 48.848 -120.239
Lake Wenatche A7.823 -120.778
Leland Creek ... 47.662 ~121.041 47.612 -121.089
Lightming Creek .. 48.451 -119.089 48.453 -119.996
Litlle Bridge Gresk 48.379 -120.286 48.449 -120.432
Little Wenatchee River . . . 47.827 -120.819 47.913 -121.094
LOBE RIMBT e e et cm e e reeerce e ememeene e sesemee s meene . 48.650 -120.512 48.896 -120.486
Mad River .. 47.736 -120.363 47.864 -120.608
Methow River ... 48.050 -119.804 48.651 -120.513
Middle Hidden Lake .. 48.904 -120.489
Mill GreeK ...eo.ooeevven 47.777 121011 47.772 -121.021
Monument Creek ... 48.732 -120.449 48803 -120.495
Napesqua Hiver ..... 47.921 -120.807 47.931 -120.879
Nasan Cresk .. . 47.809 -120.716 47.784 -121.028
Negro Craek .. 47 444 -120.662 47418 -120.797
Norih Creek ... 48,454 -120.563 48.462 -120.559
North Fork Geld Crask 48.185 -120.116 43.238 -120.283
North Fork Wolf Creek . 48.485 -120.347 48.530 -120.424
Panther Cragk ....... 47.941 -120.929 47.038 -120.943
Peshastin Craek 47 558 -120574 47 444 -120.662
Phelps Creek ..... 48.070 -120.853 48.080 -120.839
Ptarmigan Creek 4g.891 -120.482 49,885 -120.4B3
Rainy Creek ....... 47.852 -120.955 47816 -121.075
Rattlesnake Cresk 48.648 -120.566 48.651 -120.671
Reynolds Craek . 48.406 -120.479 48.404 -120.490
Rohinsen Greak . 48.650 -120 538 48,673 -120.539
Rock Creek ... 47.953 -120.796 48,037 -120.763
Saouth Craek ... 48.438 -120.529 48.428 -120.568
Stormy Creek . 47.822 -120.422 47.867 -120.360
Tillicum Craek 47.747 -120.394 47.723 -120.439
Trout Craek 48.640 -120.509 48.664 120,711
Twisp River ... 48.369 -120.119 48,464 -120.606
Unnamed stream 47 592 -120.661 47.590 -120.683
Unnamed straam .. 47 578 -120.666 47 575 -120.670
Unnamed stream .. 47.834 -120.875 47.838 -120.900
Unnamed stream ..., 47.837 -120.878 47.835 -120.885
W. Fork Buttarmilk Creek 48.340 -120.303 438.259 -120.437
Wer Craek ... 48.361 -120.396 48.362 -120.411
Wenaiches RAiver .. 47.466 -120.317 47 808 -120.728
West Fork Methow River . 48.648 -120.512 49.641 -120.609
White River ... 47.834 -120.816 47.953 -120.940
Wolf Creek 48,491 -120.232 48.476 -120.441
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Figure B-5. Map of Bull Trout Critical Habitat in the Upper Columbia River mainstem: Unit
22-Mainstem Upper Columbia River (Service 2010a)

Critical Habitat for Bull Trout (Salvelinus confluentus)
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Figure B-6. List of Waterbodies designated as Critical Habitat in Unit 22-Mainstem Upper

Columbia River (Service 2010).

Straatn Straarn ’
Begin Point | Bagin Point | Stream End | Stream End
Waierbody Name or Lake or Lake Point Peint
Center Center Latitude Longitiede
Latitude Longitude
COIUFMDIE BIVBE ©vuvvvuersescoeesecurrems nee semesseessemssems eeeesseems mmecseasses £ shessbmse see et st et bat 40 s be 008 45,115 -120.693 47.997 -119.633
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Tributary Use by Radio-tagged Adult Bull Trout from PUD Study, 2001-2005 (BioAnalysts,

Inc. 2004).

Table C-1: Table 6 as referenced in BioAnalysts, Inc. 2004

Table 6: Tributaries selected by adult buli {rout tagged at Rock Island, Rocky Reach, and

Wells dams and the dates they entered and ieft those tributaries, 2001,

Tagging Information

Tributary RKesidence

Release Code Date Eutrance Exit Subbasin Laocafion
Rack Island Dam
Down 32 21-May-D1 04-Jun-01 23-Now-01 Entiat Mad River
Down 35 19-Jun-01 28-Jun-(11 - Entiat Mad River
. Down 35  30-May-01 13-Jun-01 Wenatchee Peshastin Creek
Up 48  03-lui-01 NA NA Dead
Up 4 17-May-01 30-May-01 - Methow Twisp River
W 13 24-May-01 11-Jun-0f - Methow Twisp River
Up 36 13-Jun-01 21-Sep-01 02-Nov-01 Wenatchiee  Mainstem Wenatchee River
Roacky Reach Dam
Down 29" 21-May-01  06-Tun-01 Entiat Mad River
Down 18" 23-May-01 07-JTun-01 Entiat Mad River
Dewn 15 25-May-01 06-Tun-01 02-Now-01 Entiat Mainstem Entiat River
Down 11 29-May-01 06-Tun-01 02-Nov-01 Entiat Mainstem Entiat River
Down 4 30-May-01 11-Jua-01 -— Methiow Libby Creek
Down 8 11-Tun-01 30-Tuu-01 — Wenatchee Chiwawa River
Down 46 18-Jun-01 23-Tup-01 [1-Dec-01 Wenatchee Teicle Creek
Down 5 17-May-01 30-May-01 — Wenatchee  Mamstem Wenaichee River
Down .G 07-Tan-01 27-Ang-01 16-Nev-01 Wenatchee  Mainstem Wenarchee River
Down 25 25-hn-01 29-Tun-01 -—- Wenatchee  Mainstem Wenatchee River
Down 34! 10-Jul-(1 16-Jul-01 — Wenaichee  Mainstem Wenatchee River
Up 45 15-Tun-01 29-Tun-01 — Entiat Mad River
Up 47 19-Tun-01 01-Jul-01 -— Entiat Mad River
Up 3 15-May-01 32 May-01 — Entiat Mad River
Up 24 22-May-01 04-Tun-31 — Entiat Mad River
Up 6 29-May-01 10-Jun-01 17-Oct-01 Entiat Mainstem Entiat River
Up 7 04-Jun-01 08-Jun-01 11-Nov-01 Entiat Mainstem Entiat Raver
Up 37 06-Jun-0O1 11-Jun-01 09-Nowv-0t Entiat Manstem Eutiat River
Up 50 13-Tut-01 18-Tul-01 24-Sept-01 Entiat Mainstem Entiat River
Up 20 21-May-01 30-May-01 16-Dec-01 Methow Twisp River
Up 12 24-May-01 1¢-Jun-01 07-Oct-01 Methow Twigp River
Up 14 25-May-01 02-Jun-01 — Methow Twisp River
’ Wells Dam
Down 17 24-May-01 02-Jun-01 10-Aug-01 Entiat Mainstem Entiat River
Down 22 29-May-01 08-Tun-01 -— Methow Mainstem Methow River
Down 26 22-May-01 01-Tun-01 16-Dec-01 Methow - Twisp River
Down 19 22-May-01 01-Jun-01 —— Methow Twisp River
Down "33 22-May-01 08-Tun-01 13-Apr-02 Methow Twisp River
Up 38 22-May-01 24-May-01 - Methow Mamnstem Methow River
Up 231 20-May-01 01-Tun-01 -— Methow Mainstem Methow River
Up 21 22-Mav-01 24-May-01 02-Nov-01 Methow Twisp River
Up 31" 21-May-01 27-May-01 - Methow Butternulk Creek
Up 15 23-May-01 F3-May-01 — Methow Buttermilk Creek

! Based on detection histoties for these fish, it appears thar they exited the mibutary of residence. However, due io alack

of detections at the fixed telemetry sites on the tributary of residence, a date of exadus can not be established.
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Table C-2 Table 7 as referenced in BioAnalysts, Inc. 2004,

Table 7: Tributaries selected by adulf bull trout tagged at Rock Island, Rocky Reach, and
Wells dams and the dates they entered and left those tributaries, 2002,

Tagging Information Tributary Residence i
Release Caode Date Enfrance Exit Subbasin Location ’
Rock Islaud Dam
Down 1605 04-Tun-02 27-Jun-02 17-Dec-02 Wenatchee  Mainstem Wenatchee River
Down 113 07-Jun-02 22-Jun-G2 06-Nov-02 Wenatchee  Mpnstem: Wenatchee River
Down 90°  23-May-02 01-Jul-02 04-Sep-02 Entiar Mainstem Entiat River
Down 115 12-Jun02 01-Jul-02 04-Sep-02 Entiat Mainstem Enttat River
Up 1100 04-Tun-02 Columbia River
Up 97 20-May-02 19-Jun-02 - Entiat Mad River
Up o' 12-Jun-02 29-Jun-(2 - Entiat Mad River
Up 109°  07-Jun-02 20-Jun-02 17-Dec-02 Entiat Mad River
Rocky Reaclk Dam
Down 127 27-Jun-02 - -— Columbia River -—
Down 104 30-May-02 01-Jul-02 09-Oct-02 Wenatchee  Mainstem Wenatchee River
Down 125 26-Jun-02 06-Jul-02 06-Now-02 Wenatchee  Mainstein Wenatchee River
Down 126 18-Jun-02 14-Jul-0D2 14-Jan-03 Wenatchee  Mainstem Wenatchee River
Down 161 03-un-02 25-Tun-02 06-Now-02 Entiat Mad Baver
Down 166  06-Jun-02 27-Jun-02 . 09-Oct-02 Entiat Mainsten Entiat River
Down 111 04-Jun-02 18-Tun-02 06-Nov-02 Entiat Mad River
Down 118 1i-Jun-02 01-Jul-02 09-Qct-02 Entiat Mainstem Entiat River
Down 114 10-Jun-02 0i-Jul-02 09-Oct-02 Entiat Mad River
Down 120 27-Jun-02 13-Jul-02 09-Oct-02 Entiat Mad River
Down 55! 29-May-02 09-Jun-02 -- Entiat Muinstem Entiat River
Dovwn 897 21-May-02 09-Tun-02 - Meihow Twisp River
Down 46 18-Jun-01 04-Jul-02 01-Aug-02 Entiat Mainstem Entiat River
Up 124 24-Jun-02 .- - Columbia River -
Up 103 06-Jun-02 21-Jun-02 09-Oct-02 Entiat Mainstem Entiat River
Up 121 07-Jun-02 20-Jun-02 06-Nov-02 Entiat Mad River
Up 888 20-May-02 06-Tun-02 Entiat Mad River
Up 82 23-May-02 19-Jun-02 04-Sep-02 Entiat Mad River
Up 1228 12-Jun-02 20-Tun-02 — Entiat Mainsten Entiat River !
Up 123* 21-Jun-02 01-Jul-02 — Entiat Mainsterm Entiat River ]
Up 98°  30-May-02 12-Tun-02 09-Oct-02 Entiat Mad River
Up 116  10-Jun-02 24-Tun-002 — Methow Twisp River
Up 100 04-Jun-02 27-Jun-02 -— Methow Twisp River
Up 108*  03-Tun-02 23-Tun-02 —- Methow Twisp River
Up - 7 04-Jun-01 11-Jun-02 0d-Aug-02 Entiat Mainstemn Entiat River
Wells Dam
Down 112 11-Jun-02 19-Fun-02 15-Nov-03 Meihow Mainstem Methow River :
Down 93! 28-Mny-02 24-Jun-02 -—- Methow Twisp River [
Down o' 03-Tun-02 22-Tun-02 — Methow Twisp River ]
Down 102 04-Tun-02 26-Tun-02 - Methow Twisp River
Up 99  04-Fon-02 01-Aung-02 05-Nov-02 Wenatchee  Mninsten Wenatchee River
Up 91 23-May-02 03-Jun-02 -— Methow Mainstem Methow River
Up 94  03-Jun-02 20-Jun-02 — Methow Mainstem Methow River
Up 107" 03-Jun-02 09-Jun-02 - Methow Twisp River
Up 1170 12-Tun-02 21-Jun-02 - Methow Twisp River

T The transmiters for tiiese fish weze recovered at the tributary or location of residence during the 2002 study period.

¥ The teanstitters for these fish were recovered at the tribatary or location of residence during the 2003 study period.

3 The transmitters for these fish were recovered afier tributary exodus during the 2003 study period in the Columbia River.
7 These fish are suspected of perishing or shedding their tags in the trivutary of resideace.
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Table C-3: Table 8 as referenced in BioAnalvsts. Inc¢. 2004,

Table 8: Tributaries selected by adult bull frout tagged at Rock Island, Rocky Rench, and

Wells dams and the dates they entered and left those tributaries, 2003.

Tagging Information

Tributary Residence

Release Code Date Eutrance Exit Subbasin Location
Rack Island Dam
Down 113 07-Jun-02 16-Jun-03 21-Nov-03 Wenatchee Chiwawa River
Rocky Reach Bam
Down 101 03-Jun-02 22-Jun-03 17-0ct-03 Wenatchee Peshastin Creek
Down 104 30-May-02 01-Jun-03 21-Oct-03 * Entat Mainstem Entiat River
Down 106 06-Jun-02 20-Apr-03 23-Nov-03 Entiat Mainstem Entiat River
Down 114 10-Jun-02 22-Jun-03 04-Oct-03 Entiat Mad River
Down 118 11-Jun-02 08-Apr-03 17-0ct-03 Entiat Mad River
Down 120 27-Jun-02 18-Tua-03 18-Nov-03 Entiat Mad River
Down 125 26-Tun-02 18-Tun-03 - Entiat Mad River
Down 124 18-Jun-02 18-Tun-03 22 Now-03 Wenatchee Chiwawa River
Diown 127 27-Jon-02 13-Jun-03 17-Oct-03 Entiat Mad River
Up 92 23-May-02 14-Jun-03 —— Entiat Mad River
Gp 103 06-Tan-02 13-hun-03 21-Oct-03 Entiat Mainstem Entiat River
Up 121 - 07-Jun-02 08-Jun-03 21-Oct-03 Entiat Mad Raver
J Wells Dam
Cp 99 04-Jun-02 03-Jun-03 28-Oct-03 Mainstem Methow River

Methow

243
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Appendix D.

Crosswalk between the Bull Trout Matrix and Bull Trout Critical Habitat Primary Constituent
Elements

Prepared by: Jeff Krupka, Karl Halupka, and Judy De La Vergne, CWFO
March 31, 2011

The purpose of this document is to provide a consistent means for analyzing baseline conditions
and project effects to both the bull trout and designated critical habitat for the bull trout using the
Matrix of Pathways and Indicators.

The Matrix of Pathway Indicators (Matrix) for bull trout is used to evaluate and document
baseline conditions and to aid in making effect determinations for proposed projects (USFWS
1999). The Matrix ahalysis incorporates 4 population indicators and 19 physical habitat
indicators. Analysis of these indicators provides a systematic approach for evaluating the
existing baseline condition and potential impacts in terms of metrics meaningful to bull trout.

Designated critical habitat for the bull trout (75 FR 63898) is comprised of nine primary
constituent elements (PCEs). These physical, chemical, and biological features correspond to
many of the Matrix habitat parameters. Table 1 shows the relationship between the PCEs for
bull trout critical habitat and the Matrix habitat indicators. The refigia indicator is relevant to all
PCEs because in order for the refugia indicator to be rated “functioning appropriately” most if
not all of the PCEs must be present. Only one indicator from the population pathways,
persistence and genetic infegrity, applies to evaluation of the condition of PCEs, but this
indicator is not depicted in the Crosswalk to simplify Table 1. The following information
provides the rationale for how the nine PCEs for bull trout critical habitat can be addressed by
using the Matrix indicators (named using italics font).

1. Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic
flows) to contribute to water quality and quantity and provide thermal refugia.

The analysis of floodplain connectivity considers the hydrologic linkage of off-channel
areas with the main channel and overbank-flow maintenance of wetland function and
riparian vegetation and succession. Floodplain and riparian areas provide hydrologic
connectivity for springs, seeps, groundwater upwelling and wetlands and contribute to the
maintenance of the water table. The sediment and substrate embeddedness indicators
describe the level of fine sediment in the gravel which affects hyporheic flow. Fine
sediment fills interstitial spaces making the movement of water through the substrate less
efficient. The chemical contamination/nutrients and femperature indicators evaluate the
water quality of groundwater, The off-channel habitat indicator suggests how much off-
channel habitat is available, and generally off-channels are connected to adjacent
channels via subsurface water. The change in peak/base flows indicator considers
whether or not peak flow, base flow, and flow timing are comparable to an undisturbed
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watershed of similar size, geology, and geography. Peak flows, base flows, and flow
timing are directly related to subsurface water connectivity and the degree to which soil
compaction has decreased infiltration and increased surface runoff. The drairage
network increase and road density and location indicators assess the influence of the road
and trail networks on subsurface water connectivity. If there is an increase in drainage
network and roads are located in riparian areas, it is likely that subsurface water is being -
intercepted before it reaches a stream. If groundwater is being intercepted then it is likely
that water quality is being degraded through increased temperatures, fine sediment, and
possibly chemical contamination. Streambank condition addresses groundwater
influence through an assessment of stability. The disturbance history indicator evaluates
disturbance across the watershed and provides a picture of how management may be
affecting hydrology. The riparian conservation areas indicator determines whether
riparian areas are intact and providing connectivity. If riparian areas are intact it is much
more likely that springs, seeps, and groundwater sources are able to positively affect
water quality and quantity.

Migration habitats with minimal physical, biological, or water quality impediments
between spawning, rearing, overwintering, and freshwater and marine foraging
habitats, including but not limited to permanent, partial, intermittent, or seasonal
barriers. '

The physical barriers indicator provides the most direct assessment of this PCE.

Analysis of this indicator includes consideration of whether man-made barriers within the
watershed allow upstream and downstream passage of all life stages at all flows.
However, some indicators further evaluate physical impediments and others evaluate the
biological or water quality impediments that may be present. The temperature, sediment,
substrate embeddedness, and chemical contamination/nutrients indicators assess whether
other barriers may be created, at least seasonally, by conditions such as high
temperatures, high concentrations of sediment, or contaminants. The average wetted
width/maximum depth ratio indicator can help identify situations in which water depth for
adult passage may be a problem. A very high average wetted width/maximum depth
value may indicate a situation where low flows, when adults migrate, are so spread out
that water depth is insufficient to pass adults. The change in peak/base flows indicator
can help determine if change in base flows have been sufficient to prevent adult passage
during the spawning migration. The persistence and genetic integrity indicator addresses
biological impediments by evaluating negative interactions (e.g., predation,
hybridization, and competition) with other species.

An abundant food base, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

None of the indicators directly address this PCE, but a number of them address it
indirectly. The sediment and substrate embeddedness indicators document the extent to
which substrate interstitial spaces are filled with fine sediment. Interstitial spaces provide
important habitat for aquatic macroinvertebrates, sculpin, and other substrate-oriented

~ prey which are important food sources for bull trout. The chemical
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contamination/nutrients indicator evaluates the level to which a stream is contaminated
by chemicals or has a high level of nutrients. Chemicals and nutrients greatly affect the
type and diversity of aquatic invertebrate communities present in a water body. The
large woody debris and pool frequency and quality indicators assess habitat complexity.
High stream habitat complexity is associated with diverse and abundant
macroinvertebrate and fish prey. The off~channel habitat and floodplain connectivity
indicators document the presence of off-channels which are generally more productive
than main channels. Off channel areas are important sources of forage, particularly for
juveniles. The streambank condition and riparian conservation areas indicators both
shed light on the very basis of the food base of a stream. Vegetation along streambanks
and in riparian areas provide important habitat for terrestrial macroinvertebrates that can
fall into the water as well as sources of nutrient inputs that support aquatic invertebrate
production.

4, Complex river, stream, lake, reservoir, and marine shoreline aquatic environments
and processes that establish and maintain these aquatic environments, with features
such as large wood, side channels, pools, undercut banks and unembedded
substrates, to provide a variety of depths, gradients, velocities, and structure.

Several indicators address this PCE directly. The sediment and substrate embeddedness
indicators provide insight into how complex substrates are within a stream by
documenting percent fines and embeddedness. As percent fines and embeddedness
-increase, substrate complexity decreases. The large woody debris indicator provides an
excellent picture of habitat complexity. The indicator rates the stream based on the
amount of in-channel large woody debris. Habitat complexity increases as large wood
increases. The pool frequency and quality and large pools indicators address habitat
complexity by rating the stream based on the frequency of pools and their quality.
Habitat complexity increases as the number of pools and their quality increase. The off-
channel habitat indicator directly addresses complexity associated with side channels.
The indicator is rated based on the amount of off-channel habitat, cover associated with
off-channels, and flow energy levels. Average wetted width/maximum depth ratio is an
indicator of channel shape and pool quality. Low ratios suggest deeper, higher quality
pools. The streambank condition and riparian conservation areas indicators both shed
light on the complexity of river and stream shorelines. Vegetation along streambanks and
in riparian areas provides important habitat complexity and channel roughness. The
streambank condition indicator also provides information about the capacity of an area to
produce undercut banks, which can be a very important habitat feature for bull trout. The
foodplain connectivify indicator addresses complexity added by side channels and the
ability of floodwaters to spread across the floodplain to dissipate energy and provide
access to high-flow refugia for fish. The road density and location indicator addresses
complexity by identifying if roads are located in valley bottoms. Roads located in valley
bottoms reduce complexity by eliminating vegetation and replacing complex habitats
with riprap or fill, and often confine the floodplain, The disturbance regime indicator
documents the frequency, duration, and size of environmental disturbance within the
watershed. If scour events, debris torrents, or catastrophic fires are frequent, long in
duration, and large, then habitat complexity will be greatly reduced.
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5. Water temperatures ranging from 2 to 15 °C (36 to 59 °F), with adequate thermal
refugia available for temperatures that exceed the upper end of this range. Specific
~ temperatures within this range will depend on bull trout life-history stage and form;
geography; elevation; diurnal and seasonal variation; shading, such as that
provided by riparian habitat; streamflow; and local groundwater influence.

The temperature indicator addresses this PCE directly. The indicator rates streams
according to how well temperatures meet bull frout requirements. Other matrix
indicators address temperature indirectly. The off-channel habitat and floodplain
connectivity indicators address how well stream channels are hydrologically connected to
off-channel areas. Floodplains and off-channels are important to maintaining the water
table and providing connectivity to the channel for springs, seeps, and groundwater
sources which contribute cool water to channels. The average wetted width/maximum
depth ratio indicator also corresponds to temperature. Low width to depth ratios indicate
that channels are narrow and deep with little surface arca to absorb heat. The streambank
condition indicator documents bank stability. If the streambanks are stabilized by
vegetation rather than substrate then it is likely that the vegetation provides shade which
helps prevent increases in temperature. The change in peak/base flows indicator
evaluates flows and flow timing characteristics relative to what would be expected in an
undisturbed watershed. If base flow has been reduced, it is likely that water temperature
during base flow has increased since the amount of water to heat has decreased. The
road density and location and drainage network increase indicators documents where
roads are located. If roads are located adjacent to a stream then shade is reduced and
temperature is likely increased. Roads also intercept groundwater and can reduce this
cooling influence, as well as discharge typically warmer stormwater. The disturbance
history indicator describes how much of the watershed has been altered by vegetation
management and therefore indicates how much shade has been removed. The riparian
conservation areas indicator addresses stream shade which keeps stream temperatures
cool. The presence of large pools may provide thermal refugia when temperatures are

high.

6. In spawning and rearing areas, substrate of sufficient amount, size, and composition
to ensure success of egg and embryo overwinter survival, fry emergence, and young-
of-the-year and juvenile survival. A minimal amount of fine sediment, generally
ranging in size from silt to coarse sand, embedded in larger substrates, is
characteristic of these conditions. The size and amounts of fine sediment suitable to
bull trout will likely vary from system to system.

The sediment and substrate embeddedness indicators directly address this PCE. These
indicators evaluate the percent fines within spawning areas and the percent
embeddedness within rearing areas. The streambank condition and riparian conservation
areas indicators indirectly address this PCE by documenting the presence or lack of
potential fine sediment sources. If streambanks are stable and riparian conservation areas
are intact then there is a low risk of introducing fine sediment from bank erosion. Also,
the floodplain connectivity indicator indirectly addresses this PCE. If the stream channel



20120319-5032 FERC PDF (Unofficial) 3/16/2012 10:27:13 PM

248

is connected to its floodplain, then there is less risk of bank erosion during high flows
because stream energy is reduced as water spreads across the floodplain. The increase in
drainage network and road density and location indicators assess the effects of roads on
the channel network and hydrology. If the drainage network has significantly increased
as a result of human-caused disturbance or road density is high within a watershed and
roads are located adjacent to streams, then it is likely that in-channel fine sediment levels
will be elevated above natural levels. The disturbance regime indicator documents the
nature of environmental disturbance within the watershed. If the disturbance regime
includes frequent and unpredictable scour events, debris torrents, and catastrophic fire,
then it is likely that fine sediment levels will be elevated above background levels. A
consideration for all indicators directly or indirectly infiuencing this PCE is that it is
desirable to achieve an appropriate balance of stable areas to provide undercut banks and
eroding areas that are sources for recruiting new spawnmg gravels. Too little sediment in
a stream can also be detrimental.

7. A natural hydrograph, including peak, high, low, and base flows within historic and
seasonal ranges or, if flows are controlled, minimal flow departure from a natural
hydrograph.

The change in peak/base flows indicator addresses this PCE directly by documenting the
condition of the watershed hydrograph relative to an undisturbed watershed of similar
size, geology, and geography. There are several indicators that address this PCE
indirectly. The streambank condition indicator documents bank stability. If the
streambanks are stabilized by vegetation rather than substrate then it is likely that the
streambank can store water during moist periods and releases that water during dry
periods which contributes to water quality and quantity. The floodplain connectivity
indicator is relevant to water storage within the floodplain which direcily affects base
flow. Floodplains are important to maintaining the water table and providing
connectivity to the channel for springs, seeps, and groundwater sources which contribute
to water quality and quantity. The increase in drainage network and road density and
location indicators assess the influence of the road and trail networks on hydrology. If
there is an increase in drainage network and roads are located in riparian areas, it is likely
is being intercepted and quickly routed to a stream which can increase peak flow. The
disturbance history indicator evaluates disturbance across the watershed and provides a
picture of how management may be affecting hydrology; for example, it may suggest the
degree to which soil compaction has decreased infiltration and increased surface runoff.
The riparian conservation areas indicator determines whether riparian areas are intact,
functioning, and providing connectivity. If riparian areas are intact it is much more likely
that springs, seeps, and groundwater sources are able to positively affect water quality
and quantity.

8. Sufficient water quality and quantity such that normal reproduction, growth, and
survival are not inhibited.

This PCE is closely related to PCE 7, with PCE 8 adding a water quality component (i.e.,
there is a high level of overlap in indicators that apply to both PCEs 7 and 8). The
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temperature and chemical contamination/nutrients indicators directly address water
quality by comparing water temperatures to bull trout water temperature requirements,
and documenting 303(d) designated stream reaches, Several other indicators indirectly
address this PCE by evaluating the risk of fine sediment being introduced that would
result in decreased water quality through increased turbidity. The streambank condition
and riparian conservation areas indicators indirectly address this PCE by documenting
the presence or lack of potential fine sediment sources. If streambanks are stable and
riparian conservation areas are intact then there is a low risk of introducing fine sediment
from bank erosion. Also, the floodplain connectivity indicator indirectly addresses this
PCE. If the strcam channel is connected to its floodplain, then there is less risk of bank
erosion during high flows because stream energy is reduced as water spreads across the
floodplain. Average wetted width/maximum depth ratio is an indication of water volume,
which indirectly indicates water temperature, (i.e., low ratios indicate deeper water,
which in turn indicates possible high-flow refugia). This indicator in conjunction with
change in peak/base flows is an indicator of potential water quality and quantity
deficiencies, particularly during low flow periods. The increase in drainage network and
road density and location indicators assess the effects of roads on the channel network
and hydrology. If the drainage network has significantly increased as a result of human-
caused disturbance or road density is high within a watershed and roads are located
adjacent to streams, then it is likely that suspended fine sediment levels will be elevated
above natural levels. If roads are located adjacent to a stream then shade is reduced and
temperature is likely increased. Roads also intercept groundwater and can reduce this
cooling influence, as well as discharge typically warmer stormwater. The disturbance
regime indicator documents the nature of environmental disturbance within the

. watershed. Ifthe disturbance regime includes frequent and unpredictable scour events,
debris torrents, and catastrophic fire, then it is likely that turbidity levels will be elevated
above background levels,

9. Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye,
northern pike, smallmouth bass); interbreeding (e.g., brook trout); or competing
(e.g.; brown trout) species that, if present, are adequately temperally and spatially
isolated from bull trout.

The only indicator that directly addresses this PCE is the persistence and genetic integrity
indicator. This indicator addresses the likelihood of predation, hybridization, or
displacement of bull trout by competitive species. The femperature indicator can provide
indirect insights about whether conditions are conducive to supporting “warm water”
species.
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Table 1. Relationship of the Matrix Indicators to the Primary Constituent Elen
of Bull Trout Critical Habitat
PCE
8-
PCE3 | PCE Wate | PCE9
PCE1 - PCE2- | - q- r -
Springs, | Migra { Abun | Com PCE®6 Quali | Nonn
Seeps, |tory |dant |plex |PCE5- |- PCE-7 | ty/ | ative
Pathways (bold) and | Ground | Corrid § Food | Habi | Temper | Subst | Hydrog | Quan | Speci
Indicators water ors®* Base | tats | ature rate | raph tity | es*
Water Quality
Temperature X X X X X
Sediment X X X X X
Chemical
Contamination/Nutrie [
nts - X X X X
Habitat Access
Physical Barriers X
Habitat Elements
" Substrate
Embeddedness X X X X X
Large Woody Debris X X
Pool Frequency and
Quality X X
Large Pools X X
Off-Channel Habitat X X X X .
Refugia X X X X X X X X X
Channel Conditions
and Dynamics
Wetted With/Max. . .
Depth Ratio X X X X
Streambank
Condition X X X X X X X
Floodplain ’
Connectivity X - X X X X X X
Flow/Hydrology
~ Changes in
Peak/Base Flows X X X X X
Drainage Network
Increase X X X X X
Watershed
Conditions
Road Density and _
Location X X X X X X
Disturbance History X X X
Riparian X X X X X X X
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Disturbance Regime

X

X

X

* =PCE is also related to the population pathway, persistence and genetic integrity indicator
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