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IMPORTANT NOTICE
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Foster Wheeler Environment & Infrastructure Limited, a wholly owned subsidiary of Amec Foster Wheeler. The
quality of information, conclusions and estimates contained herein is consistent with the level of effort involved in
Amec Foster Wheeler services and based on: i) information available at the time of preparation, ii) data supplied
by outside sources, and iii) the assumptions, conditions and qualifications set forth in this report. This report is
intended to be used by Living Lakes Canada’s Brilliant Headpond Stewardship Initiative only, subject to the terms
and conditions of its contract with Amec Foster Wheeler. Any other use of, or reliance on, this report by any third
party is at that party’s sole risk.
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1 INTRODUCTION

The Brilliant Headpond Reservoir (herein referred to as “the headpond”) encompasses a
section of the lower Kootenay River adjacent to the communities of Shoreacres, Tarrys, Glade
and Thrums in southeast British Columbia (Figure 1). Water levels and flow in the headpond
are controlled by hydroelectric dams at the upstream and downstream boundaries while
natural inflows enter from unregulated tributaries, the largest being from the Slocan River. The
headpond and adjacent lands provide habitat for species of conservation concern including
fish, turtles, reptiles and birds. A need to compile background scientific reports and studies
related to the ecology of the headpond was identified by the Brilliant Headpond Stewardship
Initiative (BHPSI), a group formed by Living Lakes Canada in 2015. The long term goal of the
BHPSI is to develop a comprehensive stewardship strategy for the headpond that ensures
riparian management practices, recreational access and watershed management are
undertaken in ways that protect the natural resource and community values of the area (RDCK
2016). This report summarizes existing scientific literature, reports and research related to the
ecology of the Brilliant Headpond Reservoir and identifies potential areas for community
involvement in future ecological stewardship activities.

1.1 The Brilliant Headpond Reservoir

The Brilliant Headpond Reservoir is located on the lower Kootenay River and is bounded by
South Slocan and Kootenay Canal dams upstream and Brilliant and Brilliant Expansion dams
downstream (Figure 1). This section of the lower Kootenay River is in the Regional District of
Central Kootenay Area |. Public access is available along the majority of the west bank but is
limited along the east bank and is mostly restricted to the area around Glade (Figure 1). The
headpond is approximately 18 km in length with a mean annual inflow of 883 m%s (R.L. & L.
1999). The headpond is operated as a run-of-the-river reservoir resulting in a water retention
time of approximately 0.7 days (R.L. & L. 1999). Significant tributaries and watersheds that
feed the headpond include the Slocan River, Glade Creek and McPhee Creek (Selkirk College
2015). Other tributaries to the headpond include Durham, Ezra, Hood, Little McPhee and Tarry
creeks (Selkirk College 2015).

1.2 Objectives
The following are the objectives of this information review:

1. Summarize the existing scientific literature and studies that have been published with
respect to the ecology of the Brilliant Headpond Reservoir area;

2. Present a brief overview of the key findings of these studies; and,

3. Highlight potential focus areas for further research and community engagement.

Amec Foster Wheeler Project No: VE52625.2017 Page 1
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2 METHODS

The focus of the review was primarily on aquatic habitat and species within the headpond
itself. Terrestrial and avian species information was included only if a significant portion of the
species life history was reliant on the headpond or riparian areas and/or the species was of
conservation concern. Information for tributaries was included but restricted to those
headpond species that may utilized these habitats for a portion of their life history (i.e. fish
migration into tributaries for spawning and/or rearing). The Slocan River was not included in
this review because it is outside the scope of this project.

The following resources were consulted to collect scientific reports relevant to the ecology of
the Brilliant Headpond Reservoir:

o EcoCat: The Ecological Reports Catalogue;
e BC Environmental Assessment Office (EAO) — Brilliant Powerplant Expansion;

e BC Conservation Data Center (CDC) — CDC iMap and BC Species & Ecosystem,;
Explorer

e Selkirk College Geospatial Research Center — Columbia Basin Watershed
Management; and,

e Google and Google Scholar.

Data sources consisted mostly of consultant reports as peer-reviewed information specific to
the headpond was not located. Local consultants and researchers with current projects in the
area were also contacted and in-progress studies and information was included as personal
communications. All reports reviewed are summarized in table format and provided in
Appendix A which includes a quick look-up key for each topic covered. Resources that were
cited and suspected to contain information pertinent to this review but were not publically
available or located are also listed in Appendix A. For example, the application made to the
BC EAO for the upgrade of Brilliant Dam (Brilliant Expansion) included a summary table of
available resources related to aquatic habitats impacted by the project, some of which were
not located or available.

3 BRILLIANT HEADPOND RESERVOIR ECOLOGICAL INFORMATION REVIEW

The following sections summarize studies, research projects and scientific reports that have
been published with respect to the ecology of the Brilliant Headpond Reservoir. Appendix A
provides a summary of each report reviewed and identifies key topic areas covered.

3.1 Aquatic Habitat Connectivity

Brilliant Headpond Reservoir is an 18 km section of the lower Kootenay River that was formed
by the construction of South Slocan (1928) and Kootenay Canal (1976) dams at the upstream
extent and Brilliant Dam (1944) and Brilliant Expansion (2007) at the downstream extent. Prior
to construction of the dams, a natural barrier to fish migration existed at Bonnington Falls,
located approximately 3 km upstream of South Slocan Dam, isolating fish populations in
Kootenay Lake from those in the Columbia River (Westslope 2001). The construction of
Brilliant Dam in 1944 and creation of Brilliant Headpond Reservoir further isolated fish
populations in the lower Kootenay River from populations downstream in the Columbia River

Amec Foster Wheeler Project No: VE52625.2017 Page 3
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system. The Slocan River is the largest tributary within the headpond and is unregulated; fish
populations can move freely between the two systems today as they could prior to dam
construction.

3.2 Water Requlation and Flow

Water levels in Kootenay Lake are dictated by the International Joint Commission (IJC) Order
of 1938. The order specifies a maximum elevation Kootenay Lake must be drawn down to by
April 1 in preparation for spring runoff. Between April 1 and August 31, the maximum water
level in Kootenay Lake is calculated using a lowering formula based on what the natural lake
elevation would have been if it were not regulated. The 1972 Canal Plant Agreement (CPA)
outlines the coordinated operation of the BC Hydro owned Kootenay Canal and the lower
Kootenay River and Pend d’Oreille River plants owned by FortisBC (Corra Linn, Upper
Bonnington, Lower Bonnington, South Slocan, Waneta Expansion), Columbia Power
Corporation/Columbia Basin Trust (Brilliant, Brilliant Expansion, Waneta Expansion) and Teck
Metals Ltd. (Waneta). BC Hydro directs the CPA and is responsible for planning the overall
operation of these dams while the individual plant owners are responsible for ensuring that
the operation of their plants are consistent with their Water License as well as other regulatory
obligations. There is a minimum flow requirement of 5,000 cfs which is to be maintained
through the less efficient Kootenay River plants (owned by FortisBC) at all times while water
is preferentially diverted to the Kootenay Canal plant (owned by BC Hydro). Kootenay Canal
is often operated as a peaking plant to meet higher energy demands during the morning and
evening. The headpond is operated for daily shaping of flows and has limited storage capacity
(Province of BC 2013). There is no Water Survey of Canada (WSC) gauging station in the
headpond; WSC stations record parameters such as discharge, water elevation and
temperature. Discharge and elevation data is recorded by local power providers but it is not
publically available.

3.3 Water Quality and Chemistry

Brilliant Headpond Reservoir is an oligotrophic system (R.L. & L. 1999). R.L. & L. (1999)
obtained water samples from upper and lower sections of the headpond as well as from the
Slocan River in 1997 during each season.

The sections below include a summary of water quality information specific to the headpond.
Information pertaining to tributaries has only been included for water temperature as it is an
important variable for fish migration. However, note that additional water quality data is
available for Glade Creek which is the drinking water source for the community of Glade. The
Glade Creek Irrigation district measures water quality variables including E. coli and total
coliform every two weeks while free and total chlorine as well as turbidity are measured daily.
The results are available via their website (Glade Creek Irrigation District 2017) and were not
included herein. Several terrain and stability assessment reports were completed for the
Glade Creek watershed and these findings may have water quality implications for the
headpond (e.g., Carver et al. 2001, Halleran 2007, Green 2016). A summary of these reports
are provided in Appendix A and not discussed further.

3.3.1 Water Quality

Targeted water quality sampling was conducted in the headpond in 1997 and 2000 (R. L. &
L. 1999, EVS and NHC 2000). In 1997, water quality parameters analyzed included pH,
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alkalinity, nutrients (nitrate/nitrite), metals and other routine variables (R. L. & L. 1999). Results
indicated that water chemistry at all locations sampled within the headpond were similar and
fell within the Approved and Working Criteria for Water Quality in B.C. at the time (Pommen
et al. 1995) and did not suggest any major limiting factors to aquatic life. Aluminum levels in
the Slocan River were higher in all seasonal samples than at the headpond sampling sites;
the headpond spring sample was above the suggested maximum concentration as outlined
in the Approved and Working Criteria for Water Quality in BC (Pommen et al 1995). It is
unknown why aluminum levels were higher in the Slocan River but elevated levels were not
observed in the headpond downstream of the confluence.

In May 2000, water samples were taken along a 700 m long section of the west bank of the
headpond immediately upstream of the Brilliant Dam (EVS and NHC 2000). Sampling was
conducted to evaluate acute and long-term impacts of using this location as a waste rock
disposal site during construction of Brilliant Expansion. Total cadmium concentration in most
water samples exceeded guidelines while the chromium, copper, iron and zinc exceeded
guidelines at one sampling location. EVS and NHC (2000) concluded that metals are present
under ambient conditions in the headpond in particulate-bound state (i.e. as total rather than
dissolved). Dissolved concentrations of the metals are low and this is the state typically
responsible for toxicity. Studies conducted in May 2000 (EVS and NHC 2000) indicated that
dissolved metal concentrations were generally similar to those measured in 1997 (R.L.&L.
1999) and that no significant changes in water quality had occurred between the two sample
sessions.

3.3.2 Water Temperature

Continuous water temperature monitoring was conducted in the Brilliant Dam forebay (i.e.
area immediately upstream of the dam intake and spillway gates) in 1997 by R.L. & L. (1999).
The forebay reached seasonal minimum temperatures between late December and mid-May
(~3°C) and maximum temperatures between August and mid-September (~18°C). It was
found that water temperature within the Brillant Dam forebay was almost identical to water
temperature downstream of the dam year round regardless of whether discharge was through
unit (turbine) or spill gates because the river is isothermal, meaning it is the same or similar
temperature from top to bottom and does not become stratified with warm water on the surface
and cooler water at depth as a lake does in the summer (Section 3.3.4, R.L. & L. 1999). Water
temperature monitoring below Brilliant Dam has been more extensive (R.L. & L. 1999)
compared to that conducted in the headpond.

More recently, a water temperature logger was installed in Glade Creek in February 2016 and
remains in place recording hourly water temperature (Baxter and Irvine 2017). Water
temperature in Glade Creek was just above freezing when installed in February and reached
a maximum of approximately 17°C in August 2016 (Baxter and Irvine 2017).

3.3.3 Total Gas Pressure

TGP is a measure of dissolved gas in water which when elevated can lead to Gas Bubble
Disease in fish. R.L. & L. (1999) measured Total Gas Pressure (TGP) in the Brilliant Dam
forebay in 1999. TGP recorded in the Brilliant Dam forebay in the winter, summer and fall
were within the B.C. Water Quality Guidelines (i.e. <110% saturation) while TGP in the spring
was elevated above this guideline. R.L. & L. (1999) suggested a spill occurring at the lower
Kootenay River generating plants was the source of elevated TGP in the spring (BC Ministry
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of Environment 2017). Aspen Applied Sciences (2000) modelled the results of monitoring
completed by R.L. & L. (1999) to describe the level of TGP upstream and downstream of
Brilliant Dam annually between 1991 and 1999. They found that TGP levels exceeded the
recommended B.C. Water Quality Guideline in the Brilliant Headpond Reservoir between 30
and 121 days per year during that period.

3.3.4 Stratification and Mixing

Water temperature and dissolved oxygen profiles measured at 1 m intervals in the lower
section of the headpond indicated it was well mixed and isothermal in all seasons (R.L. & L.
1999); this was confirmed by additional studies conducted by BC Hydro (1984), R.L. & L.
(21998) and EVS and NHC (2000). Thermal stratification likely doesn’t occur in the headpond
due to the relatively low storage volume and short water retention time.

3.3.5 Sediments

Sediment samples were taken along a 700 m long section of the west bank of the headpond
immediately upstream of the Brilliant Dam in May 2000 (EVS and NHC 2000). As mentioned,
this sampling was conducted to evaluate acute and long-term impacts of using this location
as a waste rock disposal site during construction of Brilliant Expansion. Benthic substrates in
this area were bedrock with a thin veneer of sediment typically in pockets behind large
outcrops (EVS and NHC 2000). Sediment total organic carbon was generally low, ranging
from 0.06% to 0.71%. Sediment grain size was primarily sands and gravels with trace amounts
of fines. Metal concentrations were within the Canadian Interim Sediment Quality Guidelines
(ISQG) with the exception of chromium which exceeded the ISQG at all sample stations (EVS
and NHC 2000). Sediment toxicity sampling was done by exposing aquatic invertebrates
(Ceriodaphnia dubia and Daphnia magna) and Rainbow Trout (Onchorynchus mykiss) to
various sediment concentrations; no significant effects on mortality were observed in the
sediment/water mixtures.

3.4 Brilliant Headpond Instream and Foreshore Habitat

R.L. & L. (1999) documented a variety of habitats in the Brilliant Headpond Reservoir with
some general differences between the uppermost and lowermost sections. The upper section
of the headpond immediately downstream of South Slocan Dam and Kootenay Canal
consisted of a high velocity, deep channel confined within a steep bedrock-walled canyon.
Immediately downstream is a deep scour hole with depths >20 m referred to locally as Slocan
Pool. The downstream end of Slocan Pool is known as Wards Bay where the channel was
shallow (10-12 m) with moderate velocity, and braided with treed islands, shallow shoals and
had extensive macrophyte growth in the summer months. Downstream from Wards Bay to
the confluence with the Slocan River, the headpond was narrower and deeper. From the
Slocan River to the Brilliant Dam the headpond was generally 10-20 m deep with steeply
sloped banks, low to moderate velocity and had extensive macrophyte growth in the summer
that formed dense weed beds in narrow or wide bands that was dependent on the shoreline
slope (R.L. & L. 1999).

Important habitat areas for fish species included areas in the South Slocan Dam tailrace,
channel margins, shallow shoal areas, the Slocan River confluence and its lower reaches,
and the alluvial outwash fans of McPhee and Little McPhee creeks (R.L. & L. 1999).
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R.L. & L. (1999) also completed assessments of the physical habitat conditions in the
lowermost reaches of McPhee and Little McPhee Creeks in 1997. A series of cascades
approximately 300 m upstream of the McPhee Creek mouth were identified as barriers to fish
passage. The 300 m downstream of the cascades was likely accessible to headpond-based
fish populations year-round (R.L. & L. 1999). Low flow conditions observed in Little McPhee
Creek during most of the year likely limit access to the creek by larger fish species and a
cascade located 62 m upstream of the mouth was identified as a fish passage barrier.

The Thrums Shoreline Restoration Project was conducted in the spring of 2005. The objective
of the program was to establish wetland vegetation along with other soil bioengineering
techniques to mitigate the impacts of shoreline erosion resulting from wave action within the
section of the headpond adjacent to Thrums (Terra Erosion 2010). Vegetation including
sedges (Carex spp.), bulrushes (Schoenoplectus spp.) and cattails (Typha latifolia) were
selectively harvested from local wetlands and planted along the foreshore at depths where
the species naturally occur.

3.5 Fish Species in the Brilliant Headpond Reservoir

The most comprehensive assessment for fish species presence/absence, abundance and
aqguatic habitat in the Brilliant Headpond Reservoir was conducted in 1990-1993 and 1997 by
R.L. & L. (1999) which included an assessment of seasonal and temporal population trends
for the prevalent fish species in the headpond. As discussed above, important fish habitat
included areas within the South Slocan Dam tailrace, along channel margins and shallow
shoal areas, and at confluence areas of the Slocan River, McPhee Creek, and Little McPhee
Creek. In general, native fish species were distributed throughout the headpond, but tended
to be in areas of low velocity with some form of submerged cover (e.g., aquatic vegetation,
stumps, boulders). Rainbow Trout and Mountain Whitefish (Prosopium williamsoni) were the
only species more commonly observed in higher velocity areas of the upper section of the
headpond between South Slocan Dam and Glade. Further information on native fish species
in the headpond is provided below.

3.5.1 Bull Trout

Interior populations of Bull Trout (Salvelinus confluentus) are blue-listed (of special concern)
in BC. Bull Trout have been observed in Glade Creek, the Slocan River but there are few
published reports of Bull Trout being observed in the headpond (R.L.& L. 1999, Baxter and
Irvine 2017). Bull Trout that live in lake/large river habitats such as the headpond would likely
be the adfluvial form, meaning they migrate into smaller tributaries to spawn in the fall then
return back to the larger water body (i.e., they do not die after spawning). Spawning occurs in
gravel substrate where a female has dug a redd (spawning nest) and deposits her eggs while
a male fertilizes them with milt; the female buries the eggs with the excavated gravels. Eggs
incubate in the gravels over the winter and after hatching juvenile Bull Trout will spend 2-3
years in the spawning stream before returning to the larger water body. Bull Trout reach
spawning age after 5-6 years and can live up to 24 years (McPhail 2007).

Low numbers of Bull Trout were captured in the lower section of the headpond during
sampling conducted in 1992 but this species was not observed again during subsequent
sampling in 1993 and 1997 (R.L. & L. 1999). Bull Trout were captured in Glade Creek during
sampling conducted by Selkirk College in 2013 (Vandenbos 2013) and based on the size and
lack of signs of maturity/fertility, these fish were likely juveniles that had been spawned by
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adfluvial adults entering the creek from the headpond. Baxter and Irvine (2017) conducted
two Bull Trout spawning surveys in Glade Creek in late September and mid October 2016. No
Bull Trout or spawning redds were observed during these surveys though suitable substrate
was located. Water temperature monitoring has been ongoing in Glade Creek since February
2016 and review of water temperature data suggested daily average temperature exceeded
optimal conditions for Bull Trout migration (12°C) and spawning (9°C) during the appropriate
timing windows. Baxter and Irvine (2017) suggest Bull Trout spawning in Glade Creek may
be infrequent and limited to years when environmental conditions (i.e. water temperature) are
suitable.

3.5.2 Rainbow Trout

Rainbow Trout have been found throughout the headpond as well as in its tributaries. Prior to
dam construction on the lower Kootenay River, Slocan Pool below Bonnington Falls was a
natural gathering spot for fish, and thus for anglers, where salmon were captured seasonally
and game fish including Rainbow Trout were captured year round (Westslope 2001).
Following construction of Brilliant Dam, Rainbow Trout were stocked in the lower Kootenay
River in locations including Slocan Pool to increase angler opportunities (Province of B.C.
1950). Rainbow Trout spawn in the spring in areas of flowing water and are triggered to move
to spawning streams or spawning areas by rising water temperature (above 5°C) and rising
water levels (McPhail 2007). Rainbow Trout pairs spawn in gravel substrate, similarly to Bull
Trout (Section 3.5.1). Egg incubation is dependent on water temperature, typically emerging
from the gravels by early summer. Rainbow Trout spawned in streams can rear for up to a
year before migrating downstream as smolts; they reach sexual maturity after 1 to 4 years
depending on the life history and body size of the population (McPhail 2007).

Golder (2002) conducted the most extensive Rainbow Trout sampling program in the
headpond. They found catch-rates were highest in the upstream section but decreased with
increasing distance downstream of South Slocan Dam. Population estimates (with 95%
confidence intervals) were: 2040 (1940-2151) juveniles, 1154 (958-1451) adults, and 3194
(2899-3602) for all Rainbow Trout. Previous population estimates has been generated by BC
Hydro (1984) and R.L. & L. (1998), however, data analysis and low recapture rate issues
limited the validity of the estimates of these other studies (Golder 2002).

Rainbow Trout have consistently been captured in Glade Creek during surveys conducted by
Selkirk College (Vandenbos 2007, 2008, 2009, 2013 and 2014) and others (Hildebrand 2000).
Rainbow Trout spawning has also been observed in Glade Creek, the mouth of the Slocan
River and near the island at the downstream end of Slocan Pool (Jeremy Baxter, Mountain
Water Research, pers. comm. 2017). R.L. & L. (1999) did not observed Rainbow Trout
spawning but suggested they likely spawn in the Slocan River and possibly in the lower
reaches of the headpond and alluvial fans of McPhee and Little McPhee creeks.

Entrainment of Rainbow Trout from the West Arm of Kootenay Lake into the headpond likely
occurs and some entrainment out of the headpond occurs via Brilliant Dam (Ardnt 2009).
Ardnt (2009) suggested the overall abundance of fluvial Rainbow Trout has declined due to
habitat alterations and loss of connection with the Columbia River and that genetic diversity
may also have been reduced due to population fragmentation.
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The lower section of Glade Creek has been identified as an excellent candidate for habitat
enhancement and restoration to increase spawning habitat at existing gravel beds near the
creek’s mouth (Jeremy Baxter, Mountain Water Research, pers. comm. 2017).

3.5.3 Kokanee

Kokanee (Oncorhynchus nerka) are a salmonid that has been documented rarely in the
heapond. Kokanee migrate into spawning tributaries or nearshore areas from lakes and large
rivers in the early fall to spawn. Spawning is completed similarly to Bull Trout, however,
Kokanee die after they spawn. Eggs incubate in the gravels until the late winter/spring at which
point they emerge. Recently emerged Kokanee are immediately taken downstream with the
current to the lake/large river if they had been spawned in a tributary and remain in the lake if
spawned nearshore. Kokanee typically reach sexual maturity after their third or fourth summer
(McPhail 2007).

Kokanee were captured in the lowest abundance of all fish species by R.L. & L. (1999) during
river indexing surveys conducted in 1992 and 1997. Kokanee may spawn in the headpond at
the mouth of Glade Creek based on an observation of disturbed gravels which were potentially
Kokanee spawning redds in September 2016 (Jeremy Baxter, Mountain Water Research,
pers. comm. 2017). Glade Creek provides suitable gravel size and spawning habitat for
Kokanee and they may also spawn within the creek. Glade Creek was also identified as a
potential location for habitat enhancement to improve the access to the existing substrate to
make the area more suitable for Kokanee spawning.

3.5.4 Mountain Whitefish

Mountain Whitefish typically spawn in flowing water during the late fall and early winter. River
dwelling populations may migrate into smaller tributaries to spawn but mainstem spawning
occurs in both the Columbia River and lower Kootenay River downstream of Brilliant Dam
(McPhail 2007). Spawning occurs at the head end of pools or in the lower end of riffles.
Mountain Whitefish are broadcast spawners, meaning females will release eggs over the
substrate (i.e., no spawning redd is dug) with males synchronizing their release of milt to
fertilize the eggs which then settle into interstitial spaces between the substrate to incubate
over the winter. Fry emerging in streams immediately drift downstream before moving into
shallow, low-velocity areas such as sidechannels, backwatered areas and river margins.
Mountain Whitefish reach sexual maturing after 3 to 6 years and few individuals live longer
than 12 years (McPhail 2007).

Mountain Whitefish abundance was highest in the upper section of the headpond in 1990 and
decreased with increasing distance downstream of South Slocan Dam (R.L.&L. 1999). Only
the lower section of the headpond was sampled during 1992, 1993 and 1997 and catch-rates
varied between survey years and seasons with overall higher abundance observed during all
seasons except fall 1997 compared with earlier years (R.L.&L. 1999). Mountain Whitefish
were observed in similar abundance to Rainbow Trout in 1997 (R.L. & L. 1999). A
concentration of Mountain Whitefish juveniles was observed at the McPhee Creek mouth
during 1997 summer sampling, however because catch-rates were low there is limited
information on spatial distribution of the species within this lower section of the headpond.
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3.5.5 Redside Shiner

Redside Shiners (Richardsonius balteatus) were the most abundant fish species captured in
the headpond during 1997 sampling (R.L. & L. 1999). Redside Shiners are a minnow that
spawn in the spring with increasing daylight and water temperature triggers spawning
migrations. Spawning typically occurs in flowing water over clean substrates with lacustrine
populations moving into the lowest reaches of tributary streams. They are broadcast spawners
and eggs are demersal and adhesive when fertilized, sticking to interstitial spaces within the
substrate. After a short incubation and hatch period, fry emerge from the substrate and
migrate the short distance downstream to a lake or larger river. Redside shiners forage
throughout the littoral zone in small groups during the day, moving to deeper offshore areas
at night. Sexual maturity is reached after 3-4 years and the maximum age recorded in B.C. is
7 years (McPhail 2000).

Abundance of Redside Shiners varied significantly both annually and seasonally during
surveys conducted in 1990, 1992 and 1997 (R.L. & L. 1999). Redside Shiners were most
abundant in areas with large angular substrates and used deep shoreline areas which is a
habitat type more abundant in the lower portion of the headpond along the west bank (R.L. &
L. 1999). They were also recorded in shallow areas over sand and silt substrates.

3.5.6 Peamouth Chub

Peamouth Chub (Mylocheilus caurinus) was the second most abundant fish species captured
in the headpond in 1997 (R. L. & L. 1999). The reproductive strategy of Peamouth is the same
as Redside Shiners (Section 3.5.5). Adult Peamouth are found in deeper habitat during the
late fall through winter, moving closer to shore and into streams to spawn in the spring. In the
spring and summer, Peamouth are diel migrators, moving toward the surface and inshore in
the evening and back to deeper water in the morning. Peamouth reach sexual maturity after
3-4 years; males rarely live longer than 8 years while females can live up to 19 years (McPhall
2000).

R.L. and L. (1999) found Peamouth distributed throughout the headpond with generally higher
abundances along the east bank compared to the west. Concentrations of Peamouth were
observed at the mouths of McPhee and Little McPhee creeks as well as along an old slide
area on the east bank of the headpond (R. L. & L. 1999).

3.5.7 Sucker Species

R.L. & L. (1999) identified three sucker species in the headpond: Largescale Sucker
(Catostomus macrocheilus), Longnose Sucker (Catostomus catostomus) and Bridgelip
Sucker (Catostomus columbianus). The species has been grouped as sucker species in all
abundance and distribution studies in the headpond. Suckers spawn in the spring with the
Longnose Sucker spawning period preceding that of other sucker species. Spawning occurs
over gravel substrates in both flowing water (rivers, streams and lake outlet/inlets) as well as
in shallow water in lakes. Suckers are broadcast spawners and eggs settle into the substrate
to incubate for periods of a week to a month, depending on water temperature and this varies
slightly by species. Fry are common in shallow, low or no velocity nearshore areas including
seasonally flooded vegetation. Adult suckers will typically be found in deeper water during the
day and move closer to shore to forage at night. Male suckers mature after 5 or 6 years and
females after 6 or 7 years; all three species can live up to 30 years (McPhail 2007).
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R.L. & L. (1999) found suckers were distributed throughout the headpond in a variety of
habitats with broad ranges of depth and velocity. Suckers were more abundant along the west
bank of the headpond compared to the east with adults using both deep and shallow habitats
while juveniles occupied nearshore, shallow channel margins with low velocities (R.L. & L.
1999). The abundance of sucker species in the headpond generally increased over the winter,
spring and summer sessions then decreased slightly in the fall during 1997 sampling; a similar
trend has been recorded for sucker species in the lower Kootenay River below Brilliant Dam
(R.L. & L. 1999).

3.5.8 Northern Pikeminnow

The headpond contains habitats suitable for all life stages of Northern Pikeminnow
(Ptychocheilus oregonensis) in many areas and the species is distributed throughout all areas
(R.L.&L. 1999). Northern Pikeminnow are spring spawners and typically spawn in the lower
reach of inlet streams though spawning can occur in flowing rivers and lakes (McPhail 2007).
Aggregations of males move into shallow spawning areas at dusk while females cruise by
offshore until ready spawn at which time a single female moves into the aggregation, eggs
and milt are released in the shallows and settle into gravel and cobble substrates (McPhail
2007). Egg incubation is relatively short (6 days to hatch at 18°C) and fry grow rapidly over
their first summer, rearing in nearshore habitats. Northern Pikeminnow reach sexual maturity
after 3-6 years and can live up to 15-20 years (McPhail 2007).

R.L. & L. (1999) found Northern Pikeminnow tended to be more abundant along the west bank
compared to the east bank of the headpond and juveniles utilized shallow channel margin
areas for rearing. Catch-rates were highest during fall surveys in 1990, 1992 and 1997
compared with other seasons (R. L. & L. 1999).

3.5.9 Sculpins

Sculpin species documented in the headpond include Torrent Sculpin (Cottus rhotheus),
Prickly Sculpin (Cottus asper), Slimy Sculpin (Cottus cognatus), Columbia Sculpin (Cottus
hubbsi), and Shorthead Sculpin (Cottus confuses) (R.L. & L. 1999, AMEC 2011 and AMEC
2012). Shorthead Sculpins and Columbia Sculpins are listed as a Species Of Special Concern
under the Canadian Species at Risk Act (SARA) and are blue-listed in BC. Sculpins are
benthic, spending their lives in and on riverbed substrates usually in areas of moderate to
swift current. Sculpins spawn in the spring in flowing water or the nearshore area of lakes. A
male sculpin will select and defend a nest rock where one or many females will deposit her
eggs, typically on the underside where they are protected from river flow and predation. Males
will stay with the nest until the eggs hatch approximately 3-4 weeks later. Sculpins reach
sexual maturity at around age 3 and can live up to 7-8 years (McPhail 2000).

Sculpins and their nests were found to be vulnerable to stranding during flow reductions that
occur during the spawning period (AMEC 2014). Male sculpins have been observed to stay
with their nests when water levels drop and eggs become desiccated and unviable (AMEC
2014). Sculpin have been captured in low abundance during studies conducted in the 1990’s
but this is due, at least in part, to the capture methodology used (boat electrofishing) because
sculpins tend to use interstitial spaces and do not rise to the surface as other fish species do
when using this method (R.L. & L. 1999). Shorthead Sculpin were only observed near the
Slocan River mouth by AMEC (2011 and 2012) though sampling was completed throughout

Amec Foster Wheeler Project No: VE52625.2017 Page 11



Wildsight Amec Foster Wheeler
Brilliant Headpond Reservoir Literature Review Environment & Infrastructure
27 March 2017

the headpond. Columbia Sculpin were identified by Peden et al. (1989) immediately
downstream of the confluence with the Slocan River in habitat dominated by large boulders.

3.5.10 Dace

Dace species recorded in the headpond include Longnose Dace (Rhinichthys cataractae),
Leopard Dace (Rhinichthys falcatus) and Umatilla Dace (Rhinichthys umatilla) (R.L. & L.
1999). Umatilla Dace are listed as a Species Of Special Concern under SARA and are red-
listed (endangered or threatened) in BC.

Longnose Dace spawn in the spring in riffles over coarse gravel substrates. Spawning occurs
in pairs over a cleaned depression in the substrate created and defended by the male. Eggs
start to hatch in about a week. Two spawning pulses have been recorded in the Columbia
system in the spring. Longnose Dace reach sexual maturity after three years and live up to
six years (McPhail 2007). Longnose Dace and Leopard Dace were captured occasionally by
R.L. & L. (1999) during surveys conducted from 1990 to 1993 and in 1997. Longnose Dace
were also captured by AMEC (2011 and 2012).

Little is known about Leopard Dace spawning and it has never been observed in the wild. It is
assumed Leopard Dace spawning timing, habitat and behaviour is similar to Longnose Dace
(McPhail 2007). Leopard Dace were observed by R.L. & L. (1999) during 1997 surveys.

Umatilla Dace spawning has also not been observed in the wild and until recently was
assumed to be similar to that of Longnose Dace. Porto and Lawrence (2016) reported that
Umatilla Dace spawn during the summer in slow velocity areas associated with aquatic
macrophytes. Umatilla Dace eggs incubate for about one week and fry are found in slack,
nearshore habitats. Umatilla Dace were initially recorded in the headpond by Hughes and
Peden (1989) who captured the fish at various sites below South Slocan Dam in the vicinity
of Slocan Pool and Ward’s Bay (CDC 2017). Umatilla Dace have been identified during
surveys conducted by R.L. & L. (1999) and more recently by AMEC (2011, 2012). Umatilla
Dace are also abundant in the Slocan River where fish in spawning condition as well as young-
of-the-year have been recorded (Porto and Lawrence 2016). Umatilla Dace were captured
throughout the headpond by AMEC (2011, 2012).

3.5.11 White Sturgeon

White Sturgeon are listed as an Endangered species under SARA and are red-listed in BC.
Two White Sturgeon populations potentially existed on the lower Kootenay River (Kootenay
and Columbia) which were historically separated by the natural barrier at Bonnington Falls.
Prior to construction of the Brilliant Dam, Columbia White Sturgeon were able to move
between the Columbia, lower Kootenay and Slocan rivers. The Kootenay White Sturgeon
population historically could access the area between upper Bonnington Falls and Kootenay
Lake, prior to the construction of Corra Linn Dam (1932), but likely did not migrate downstream
of the falls unless entrained accidently.

The historical presence of White Sturgeon in the lower Kootenay River was confirmed during
construction of the dams in the early 1900s (Westslope 2001). Several White Sturgeon were
killed during blasting associated with dam construction and others were trapped between the
dams as they were constructed; residents recall stories of sturgeon jumping downstream of
the Lower Bonnington Dam in the 1930s and 1940s (Westslope 2001). R.L. & L. (1999)
suggested White Sturgeon may still be present in the headpond in low numbers based on
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reported observations by South Slocan Dam operators. However, White Sturgeon have not
been captured during fish inventory surveys in the headpond (e. g., R.L. & L. 1999) nor during
a targeted White Sturgeon sampling program conducted by R.L. & L. in the headpond in June
and August 1995 (R. L. & L. 1996). It is unlikely a self-sustaining population of White Sturgeon
is present in the headpond (or Slocan Lake upstream) and if individuals are observed they
may have been trapped following the construction of Brilliant Dam in 1944 or, more likely, they
may have been entrained from the upstream Kootenay Lake population through the Kootenay
River facilities (R.L. & L. 1996).

3.5.12 Salmon

Prior to impoundment of the Kootenay and Columbia rivers, Chinook Salmon (Oncorhynchus
tshawytscha) and Sockeye Salmon (Oncorhynchus nerka) migrated upstream from the Pacific
Ocean through the Columbia River and entered into the lower Kootenay River as well as the
Slocan River to spawn and die (Westslope 2001; Duke Engineering 2000). Salmon and other
migratory fish like Bull Trout and Steelhead (Rainbow Trout that migrate to the ocean) were
plentiful in Slocan Pool and the area was a gathering spot for fishing and hunting. First Nations
would gather on the Slocan Pool island in the fall to fish for these species (Westslope 2001).
The completion of South Slocan Dam in 1929 blocked salmon from reaching traditional
spawning beds further upstream near the mouth of Grohman Creek. However, Slocan Pool
and the Slocan River were still accessible until Grand Coulee Dam (1941) was constructed
on the Columbia River through the 1930’s. The final year that salmon were able to reach the
headpond was 1935 (Westslope 2001). Brilliant Dam (1944) does not have fish passage
capabilities and blocked fish migration between the Columbia and lower Kootenay River.

In recent years, the feasibility of salmon reintroduction to the Columbia and Kootenay
watersheds upstream of Chief Joseph and Grand Coulee dams has been evaluated by
reviewing facility-specific fish passage requirements, upstream habitat suitability, hatchery
rearing program requirements, climate change impacts, funding opportunities and
regulatory/treaty considerations (Columbia Basin Tribes 2015). If salmon were to be
successfully reintroduced to the Canadian portion of the Columbia River, there is a legally
binding commitment for the Brilliant Expansion project to install fish passage facilities if
fisheries agencies permit the installation (BEPC 2001). Duke Engineering (2001) found
construction of passage facilities for adult upstream and juvenile downstream migration is
technically possible though the expense would be considerable.

3.6 Other Wildlife in the Brilliant Headpond Reservoir Watershed

For the purposes of this study, only information pertaining to wildlife species with a direct
reliance on the Brilliant Headpond Reservoir and its riparian areas for the majority of their life
history and/or are species of conservation concern were reviewed. Significant wildlife species
in the area other than fish include Painted Turtle, Banded Tigersnail, Coeur D’Alene
Oregonian (snail), Western Skink, Great Blue Hernon, Lewis’s Woodpecker, Bobolink and
Western Screech Owl (CDC 2017, Ryan Durand, Durand Ecological, pers. comm. 2017).

3.6.1 Painted Turtle

Painted Turtles of the Intermountain Rocky Mountain Population (Chrysemys picta pop.2) are
listed as a Species of Special Concern under SARA and provincial status listing (blue-listed).
A small population (<20 turtles) was documented sometime prior to 2005 in the headpond in
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an area referred to as the Brilliant Slough on the east side of the headpond upstream of
Brilliant Dam. The turtles were identified in a backwater slough/seasonal wetland area (CDC
2017).

3.6.2 Mussels

The Syilx, Ktunaxa and Secwepemc bands are currently completing an inventory of native
freshwater mussels in the Columbia River basin. Surveys are completed visually by walking
the shoreline and/or by snorkelling to identify native mussels at predetermined site locations
(Zimmer 2016). No mussels were observed at the Slocan and Kootenay river confluences in
January 2016. However, one mussel of unknown species was detected along the shoreline
of the Slocan Pool area below South Slocan dam in September 2016 (Amy Duncan,
Okanagan Nation Alliance, unpublished data).

3.6.3 Snalils

Recently, two species of provincially Blue-listed snails, Banded Tigersnail (Anguispira kochi)
and Coeur D’Alene Oregonian (Cryptomastix mullani), have been identified in multiple
research plots around the headpond (Ryan Durand, Durand Ecological, pers. comm. 2017).
Banded Tigersnail occurs in forested areas generally dominated by trembling aspen or paper
birch with deep, continuous leaf litter and are more abundant in lower elevations, often near
watercourses. Coeur D’Alene Oregonian occurs in a wide variety of forested habitat and most
individuals were observed in moist deciduous forests and moist coniferous forest in areas of
the Slocan River watershed. Most of the occurrences in the headpond watershed have been
in the Glade and Kootenay Canal areas. This data has not been published at this time,
however, observation records will be available through the Conservation Data Center in the
near future (Ryan Durand, pers. comm. 2017).

3.6.4 Birds

Bird species of conservation concern identified in proximity to the headpond watershed
include: Great Blue Heron (Ardea herodias), Lewis’s Woodpecker (Melanerpes lewis),
Bobolink (Dolichonyx oryzivorus) and Western Screech Owl (Megascops kennicottii) (CDC
2017).

3.6.5 Large Mammals

Large mammals occurring in the vicinity of the headpond include Cougar (Felis concolor),
Wolves (Canis lupus), Black Bear (Ursus americanus), Grizzly Bear (Ursus arctos horribilis),
Rocky Mountain Elk (Cervus elaphus nelsoni), White-tailed Deer (Odocoileus virginianus) and
Mule Deer (Odocoileus hemionus). Published reports outlining population dynamics and
movements in the vicinity of the Brilliant Headpond watershed were only available for Elk.

Rocky Mountain Elk are an indigenous ungulate species found throughout the Kootenays.
DeGroot and Woods (2006) studied the behaviour and population dynamics of Elk ranging in
the headpond watershed and Slocan Valley between 2002 and 2005. Their results indicated
elk winter at low elevations at or near the main valley bottoms and in proximity to human
settlement. While a small proportion stay at low elevations throughout the summer as well, an
equal proportion move away from human settlement completely during the summer and the
majority move back and forth but primarily away from human settlement between August and
October. Mortality due to predation during the study was not observed but likely; highway
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mortalities are known to occur in the area. The elk population was estimated between 600
and 700 elk. Changes to the Limited Entry Hunt proposed included changing allocations,
limiting the hunt to elevations below 1200 meters, amalgamating hunting zones, and a higher
harvest rate prior to October 10 (DeGroot and Woods 2006). No recommendations for future
studies were proposed.

3.7 Invasive Species

Invasive species are any plant or animal species found in the Brilliant Headpond Reservoir
whose natural distribution does not include this area. Aquatic invasive species identified in the
headpond at this time include two aquatic plants: Curly-leaf Pondweed (Potamogeton crispus)
and Eurasian Milfoil (Myriophyllum spicatum). Aquatic invasive species found in the Kootenay
River upstream (specific locations not identified) with a potential for natural introduction to the
headpond by downstream migration include American Bullfrog (Lithobates catesbeianus),
Brook Trout (Salvelinus fontinalis), Brown Bullhead (Ameiurus nebulosus), Mosquitofish
(Gambusia affinis), Pumpkinseed (Lepomis gibbosus), Largemouth Bass (Micropterus
salmonides) and Yellow Perch (Perca flavescens) (Silverwing 2015). Human pathways for
introduction of these and other invasive species to the headpond identified by Silverwing
(2015) include:

e Recreation (boating, fishing, diving);

e Horticulture and water garden trade;

e Aquarium, school and pet trade;

e Intentional unauthorized introductions;
e Agency and restoration activities; and,
¢ Industrial marine works.

Terrestrial invasive species identified along the shoreline or near the headpond include Yellow
Flag Iris (Iris pseudacorus), Bohemian knotweed (Fallopia x bohemica), Giant knotweed
(Fallopia sachalenensis), Japanese knotweed (Fallopia japonica), Himalayan balsam
(Impatiens gladulifera) and Purple loosestrife (Lythrum salicaria) (Silverwing 2015).

4 POTENTIAL FOCUS AREAS FOR COMMUNITY ENGAGEMENT AND RESEARCH

The following sections identify potential focus areas for further research and community
engagement based in this information review.

41 Water Temperature Monitoring in Brilliant Headpond and Tributaries

Long-term water temperature data has been used to model the impacts of ecological, land-
use and hydraulic changes in a watershed. Water temperature data has also been used to
model climate change related shifts in a system. Publically available long-term water
temperature data was not located for the headpond and tributaries. It may be useful to gather
long-term water temperature data in the headpond and in major tributaries such as Glade,
McPhee and/or Little McPhee creeks.

Water temperature monitoring is being conducted by other stewardship groups in the region.
For example, the Slocan River Streamkeepers have maintained water temperature monitoring
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stations in the Slocan River and tributaries since the early 2000’s. Thermologgers are
downloaded annually and data is maintained by a designated member of the group.

4.2 Sensitive Habitat Inventory and Mapping of the Foreshore

Sensitive Habitat Inventory and Mapping (SHIM) surveys (also referred to as Foreshore
Inventory and Mapping when completed on a lake) have been used regionally as a method to
inventory and map sensitive lake foreshore and river/stream habitats. Surveys are conducted
from a boat while GPS tracking and marking information such as habitat type segments, land
uses, level of disturbance, aquatic habitat values, and habitat modifications such as docks
and retaining walls. The inventory provides a snapshot of the shoreline habitat that can be
used to compare changes over time. The survey also provides a baseline inventory of
sensitive agquatic habitat areas and an Aquatic Habitat Index (AHI) can be used with the results
of the SHIM to identify the most sensitive and potentially at-risk headpond habitats thus
providing a focus for future conservation and/or restoration efforts.

4.3 Habitat Enhancement and Restoration in Brilliant Headpond and Tributaries

During this review one location was identified as an excellent candidate for habitat restoration
and/or enhancement to improve fish access and habitat. Glade Creek provides habitat for
Rainbow Trout and it is likely used as an intermittent spawning and juvenile rearing location
for Bull Trout and possibly Kokanee. Issues for fish passage including sedimentation and
infilling of the lower reaches were identified during a Bull Trout survey conducted in fall 2016
(Baxter and Irvine 2017). Enhancements could be made in Glade Creek to improve fish
passage by removing potential migration barriers and, to increase spawning and rearing
habitat, by improving spawning substrates and instream cover within the creek (Jeremy
Baxter, Mountain Water Research, pers. comm., 2017). Next steps for potential enhancement
of Glade Creek include conducting an inventory of habitat values and an evaluation of
potential habitat restoration options. Other tributaries, such as McPhee and Little McPhee
creeks, may provide additional opportunities for enhancement though current aquatic habitat
values are unknown at this time.

Areas of erosion created by wave action due to boat traffic and headpond water level
fluctuations may be another potential area for habitat improvements. A wetland habitat
restoration project was conducted along the foreshore near Thrums in 2005. Monitoring
reports were not located for this work and the success of the project is unknown at this time.
However, the project provides a good example of a potential restoration project that could be
considered if erosion issues are identified elsewhere in the headpond. Erosion is one habitat
variable inventoried during a SHIM survey (Section 4.2).

Selkirk College students have been involved in habitat restoration and enhancement projects
in terrestrial areas adjacent to the headpond and may be a potential partner for future
restoration projects. Students enhanced 6 hectares of late winter and spring range habitat
adjacent to the headpond in the Skattebo Educational Forest using thinning and slash piling
prescribed treatment. The students completed wildlife tree assessment, inventory, mapping
and field marking of wildlife trees in the Forest (285 ha). They found animal sign increased
post-treatment due to improved trafficability for larger mammals and habitat cover for small
mammals (Greame 2001).
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4.4 Bull Trout Spawning Monitoring in Tributaries

Bull Trout spawning monitoring is required for some of the main tributaries of the headpond.
Bull Trout adults have been captured in the headpond and juveniles have sporadically been
observed in Glade Creek but spawning locations have yet to be documented. It is likely that
Bull Trout spawning in tributaries to the headpond is limited and may only occur in years when
water temperatures reach critical thresholds for Bull Trout migration and spawning (Baxter
and Irvine 2017). Jeremy Baxter (Mountain Water Research, pers. comm. 2017) recommends
additional Bull Trout spawning surveys occur in Glade Creek. McPhee Creek may also provide
spawning habitat for Bull Trout as R.L. & L. (1999) noted the creek was wetted year-round
and 300 m of habitat was accessible before the fish migration barrier. Little McPhee Creek is
unlikely to provide Bull Trout spawning habitat as low flow during most of the year may impede
fish passage. However, Little McPhee Creek would be worth investigating if a survey of
McPhee Creek is conducted.

Bull Trout spawning surveys are conducted between migration barriers that would restrict Bull
Trout passage upstream (i.e. waterfalls, culverts, log jams, etc.) and the outlet of the creek.
Surveys are conducted by experienced observers who can identify both Bull Trout and Bull
Trout spawning redds. Surveys are conducted in late September/early October in this region.

45 |Invasive Species Awareness and Training

Invasive species education and monitoring is a potential area for community involvement. At
present invasive aquatic plants have been identified in the headpond but not aquatic animals
(Section 3.7). Engagement with the Central Kootenay Invasive Species Society (CKISS)
would be an initial step to identify local awareness, training and monitoring needs. The
Canadian Columbia River Aquatic Invasive Species 2015-2020 Program Framework
(Silverwing 2015) identified the following relevant areas for community engagement and
monitoring:

e Goal 2.2 Reduce the potential for aquatic invasive species-fouled boats and
equipment to enter local water bodies through education

o Target marinas, boat ramps, boat shops, marine mechanics, divers, anglers, etc.
for face to face outreach

o Conduct outreach and coordinate to have watercraft inspection and
decontamination stations at high priority events

e Goal 2.3 Engage stewardship groups, community organizations, educational
institutions and industry for aquatic invasive species outreach.

o Coordinate with and provide training (when required) to stewardship groups
and others who do aquatic outreach to facilitate incorporating aquatic invasive
species messaging into programs

e Goal 4.3 Increase opportunities to participate in aquatic invasive species
monitoring

o Promote a citizen science aquatic invasive species reporting program and link
high priority sites with nearby stewardship groups
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o Provide training workshops to relevant regional groups on aquatic invasive
species identification, monitoring standards and disinfection protocols

4.6 CABIN Monitoring in Brilliant Headpond and Tributaries

The Canadian Aquatic Biomonitoring Network (CABIN) is a program run by Environment
Canada to monitor the aquatic biological community and provide an indication of overall
watershed health. CABIN monitoring uses a standard methodology to collect benthic
macroinvertebrates from the stream bed and uses the composition of the species in the
macroinvertebrate community as a biological indicator. Certain macroinvertebrates are very
sensitive to a variety of disturbances and their presence or absence can be used to evaluate
the overall health of a system over time. Participants are trained in CABIN’s standardized
sampling methods, samples are assessed in the field or submitted to a lab for processing and
data is entered into a national database that allows the public to access to all data collected
from a site.

Currently, there are no CABIN monitoring locations in the headpond or its tributaries
(Environment and Climate Change Canada 2017). In the Canadian portion of the Columbia
River basin there are 9 stewardship groups participating in CABIN. Locally, the Slocan River
Streamkeepers have various CABIN monitoring sites on the Slocan River and its tributaries
and the data they collected has been included in effectiveness monitoring related to the jet
fuel spill in Lemon Creek (SNC Lavalin 2014). CABIN training is provided by the Canadian
Rivers Institute and involves both online and field components with nearby field training
available in Cranbrook and Nelson annually.

5 SUMMARY & CONCLUSIONS

This information review used publically available information to summarize the ecology of the
Brilliant Headpond Reservoir with a focus on the aquatic environment. Potential areas for
further research and community engagement include: conducting water quality monitoring
(water temperature, CABIN); completing a SHIM survey to inventory and map sensitive lake
foreshore habitats; investigating enhancement opportunities (Glade Creek, erosion);
conducting Bull Trout spawning surveys; and, invasive species awareness, training and
monitoring, where applicable.
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Scientific Fish Collection Permit Submissions |AMEC 2011and | 2011-2012 X Fish species captured in the Brilliant Headpond included: N/A Available on EcoCat

(CB11-73361 and CB12-79007) 2012 Umatilla Dace, Northern Pikeminnow, Sucker Sp., Redside
Shiner, Longnose Dace, Torrent Sculpin, Shorthead Sculpin
and Prickly Sculpin.

Footprint Impacts of BC Hydro Dams on Ardnt, S. 2009 X X Brief summary of Rainbow Trout (RB) populations in the None specific to the headpond. Ardnt, S. 2009. Footprint Impacts of BC Hydro

Rainbow Trout in the Columbia River Basin, Brilliant Headpond. Fluvial population with access to Slocan Dams on Rainbow Trout in the Columbia River

British Columbia River. Entrainment likely occurs from West Arm of Kootenay Basin, British Columbia. Prepared for the Fish
Lake and out through BRD. Overall, abundace of fluvial RB has and Wildlife Compensation Program — Columbia
declined due to habitat alterations and loss of connection Basin, Nelson, BC. 94 p. + 6 app.
with the Columbia River. Genetic diversity may also have
been reduced due to fragmentation at BRD.

Dissolved Gas Reduction at the Brilliant Dam [Aspen Applied| 2000 1991-1999 X Modelled TGP levels upstream and downstream of Brilliant No further research suggested. Aspen Applied Sciences Ltd. 2000. Dissolved Gas

Due to an Expansion to the Power Plant Sciences Ltd. Dam between 1991 and 1999 using data collected by RL&L in Reduction at Brilliant Dam Due to an Expansion
1999. Number of days TGP exceeded BC Water Quality to the Power Plant. Prepared for Columbia
Guidelines in the Brilliant Headpond varied between 30 and Power Corporation. 67 p. + 2 app.

121 over the study period.
Slocan Lake Bull Trout Redd Counts - 2016  |Baxter, J.T.A. 2017 2016 X X Two Bull Trout spawning surveys were conducted in Glade Glade Creek may be used intermittently by Baxter, J.T.A. and R. Irvine. In prep. Slocan Lake
and R. Irvine Creek between the falls and the mainstem in late September |spawning Bull Trout when conditions are suitable. |Bull Trout Spawning, 2016. Prepared for the Fish
and mid October. Study was conducted following Surveys could be replicated in future years. and Wildlife Compensation Program, Columbia
observations of Bull Trout by Selkirk College. No Bull Trout Region.
spawners or redds were observed. Water temperature
monitoring was conducted and ongoing; temperatures
exceeded the suitable limits for migration during
August/September.

Keenleyside-Murphy Project, Brilliant BC Hydro 1984 X X BC Hydro (sometimes refered to by author name: H. Smith)  [N/A BC Hydro. 1984. Keenleyside-Murphy Project, [Reference not located.

Reservoir — fish and aquatic habitat collected limnological fishery data on the Brilliant Reservoir. Brilliant Reservoir — fish and aquatic habitat

observations. Those results revealed no stratification in dissolved oxygen, observations. Environmental and Socio-
pH and temperature. Seven species of fish were observed Economic Services, Engineering Services
including two species of sport fish, rainbow trout and Division. Report No. ESS-102.
mountain whitefish. The remaining species were non-sport
fish predominated by northern squawfish and peamouth.

Interior Watershed Assessment Procedure & |Carver, M., G. 2001 X X An Interior Watershed Assessment of the Glade Creek Future monitoring of both channel condition Carver, M., G. Utzig and D. Putt. 2001. Interior

Reconnaissance Stability Assessment of Utzig and D. watershed (29.6 km?) was conducted including a (especially lateral and vertical stability) and water |Watershed Assessment Procedure &

Structure Locations, Glade Creek. Putt. reconnaissance terrain stability assessment for the proposed |quality were suggested as being helpful in Reconnaissance Stability Assessment of
locations of powerline structures. Conclusions were the evaluating the success and advisability of any Structure Locations, Glade Creek. Prepared for
proposed development would create insignificant increases in|further interventions. A location immediately KRM Associates Inc., Nelson, BC. 36 p + 4 app.
hydrologic risks within the Glade Creek watershed. Project-  |above the intake was suggested if water quality
related recommendations were made to address background |monitoring was pursued. Recommended that if
risks already present in the watershed (drainage plan near the|development is pursued in the Upper Glade
lower mainstem, sediment control in the headwaters of the |watershed to use existing roads when possible
lower tributary and ECA management in the Upper Glade and limit the construction of new road segments.
watershed).

Columbia River Treaty - Summary of Columbia 2014 2011-2013 X X X Identified fluctuating water levels as a key issue in Brilliant Residents suggest a WUP-like process, an erosion [Columbia River Treaty Local Governments'

Canadian Dam and Reservoir Issues - March |River Treaty Headpond. Rapid, daily fluctuations impact riparian areas, control/management plan, safe public boat and |Committee and Columbia Basin Trust. 2014.

2014 Local safe use of access to waterway, property values, recreational |road access and water navigation Summary of Canadian Dam and Reservoir

Goverments' opportunites and causes erosion. Issues identified during markers/policies. Issues. Prepared by Columbia River Treaty Local
Committee community information sessions. Governments' Committee and Columbia Basin
and CBT Trust. 16 p.

Elk movement patterns, distribution, survival |DeGroot, L. 2006 2002-2005 X X Population for the Slocan Valley-Castlegar zone is 600-700 elk.[No further research suggested. DeGroot, L. and G. Woods. Elk movement

rates, and problem elk in the Slocan Valley - |and G. Woods Overwinter below 1200 m, summer varies. Adjustments to patterns, distribution, survival rates, and

Castlegar are of the West Kootenay, British harvest allocation proposed, lower elevation hunt, problem elk in the Slocan Valley - Castlegar are

Columbia, 2003-2005. amalgamate hunting zones to one, focus effort before of the West Kootenay, British Columbia, 2003-
October 10. 2005. Prepared for the B.C. Ministry of

Environment, Nelson, BC. 18 p + 1 app.

Brilliant Expansion Project Fish Passage Duke 2000 2000 X The project assessed the technical feasibility of providing fish |Additional review of juvenile downstream Duke Engineering & Services. 2000. Brilliant

Feasibility Engineering & passage at Brilliant Dam for Chinook salmon, Sockeye salmon [passage options as additional testing and new Expansion Project Fish Passage Feasibility.

Services and Steelhead Rainbow Trout. Construction of passage technology occur. Specific recommendations for |Prepared for Columbia Power Corporation. 36
facilities for adult upstream and juvenile downstream design of a fish ladder. No recommendations for |p.
migration is technically possibly though the expense is community engagement
considerable. The cost estimate for upstream fish passage
was $10.8 million and for juvenile downstream bypass was
$2.6-3.6 million in 1999 U.S. dollars.
Environmental Impacts of Sediment EVS and NHC 2000 2000 X X Project evaluated the proposed disposal of waste rock Mitigation and monitoring recommendations for |EVS Environmental Consultants and Northwest

Disturbance Resulting from Wast Rock
Disposal in the Brilliant Headpond, Castlegar,
BC

generated during construction/excavation of Brilliant
Expansion. Rock was to be disposed along 700 m of the the
west bank shoreline just upstream of the dam. Concluded
that resuspended sediments created as a result of waste rock
disposal were not expected to pose significant risks to aquatic
life in the Kootenay River above Brilliant Dam. Proposed
mitigation measures such as timing of disposal, operational
changes and siltation barrier/control methods to minimize
sediment disturbance and sediment transport.

during construction; no data gaps or further
research identified.

Hydraulic Consultants (NHC). 2000.
Environmental Impacts of Sediment
Disturbance Resulting from Wast Rock Disposal
in the Brilliant Headpond, Castlegar, BC.
Prepared for Columbia Power Corporation,
Castlegar, BC. 37 p + 2 app.
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Population Estimation for Rainbow Trout in |Golder 2002 2001 X X Rainbow Trout catch-rates were highest in the upstream end [None idenfitied. Golder Associates Ltd. 2002. Brilliant Expansion

Brilliant Headpond of Brilliant Headpond, decreased with distance downstream Project. Population Estimate of Rainbow Trout
of South Slocan Dam. Population estimates (with 95% in Brilliant Headpond, 2001. Report prepared
confidence intervals) were: 2040 (1940 to 2151) juveniles, for Columbia Power Corporation, Castlegar, B.C.
1154 (958 to 1451) adults, and 3194 (2899 to 3602) for all Golder Report No. 012-8972F: 19 p. + 2 app
Rainbow Trout.

Rainbow Trout Radio Telemetry Program in |Golder 2002 2000-2001 X Not located or reviewed. Cited in EAO related documents. N/A Golder Associates Ltd. 2002. Rainbow Trout Reference not located.

Brilliant Headpond, 2000 — 2001. Radio Telemetry Program in Brilliant Headpond,

2000 — 2001. Report prepared for Columbia
Power Corporation, Castlegar, B.C.

Skattebo Habitat Enhancement Greame, A. 2001 2000 - 2001 X X X Selkirk College students enhanced 6 hectares of late winter None Greame, A. 2001. Skattebo Habitat
and spring range habitat adjacent to the Kootenay River in the Enhancement. Prepared for the Columbia Basin
Skattebo Educational Forest using thinning and slash piling Fish & Wildlife Program. 4 p. + 3 app.
prescribed treatment. Completed wildlife tree assessment,
inventory, mapping and field marking of wildlife trees in the
Forest (285 ha). Animal sign increased post-treatment due to
improved trafficability for larger mammals and habitat cover
for small mammals.

Glade Creek Hydromorphic Assessment Green, K. 2016 2015 X X The project intended to assess the likelihood of adverse Currently there is a high risk to the intake from  |Green, K. Glade Creek Hydrogeomorphic
cumulative impacts to water quantity, quality and timing of  |landslides off of gentle-over-steep, potentially Assessment. Prepared by Apex Geoscience
flows at the Glade Irrigation District intake and to provide unstable terrain and erodible glaciofluvial terrace |Consultants Ltd. Prepared for Kalesnikoff
guidance for forest development to limit the risk of such slopes located upslope from the water intake. Lumber Co. Ltd. and Atco Wood Products Lts.
impacts occurring. A channel survey was used to characterize [Any future development proposed in this area Apex File HA-15-KL-02. 30 p. + 3 app.
current channel condition and, as well, will require measures to identify and manage for
to assess the level and history of channel disturbance in Glade|this hazard. Drainage plans that identify and
Creek. The north fork channel displays extensive disturbance |prescribe measures to maintain surface drainage
from past flooding and direct impacts to the stream channel |patterns and avoid interception and
and riparian area from early 1900’s logging and forest fire. concentration of subsurface water should be
The south fork channel appears to be more resilient to undertaken as part of all landslide risk
disturbance as a result of the high percentage of lag boulders, |assessments (DTSFA’s).
better preserved riparian area and possibly lower peak
discharges. Most sensitive area was 1224 ha south of the
north fork stream channel. Suggested harvest levels <20%
over a range of terrain and elevation on south fork and
suggested 25% on northern areas of the north fork and 15%
for southern areas of the north fork on aspects other than
north or northwest over a range of elevations to limit
likelyhood of hazards like damaging floods.

Kootenay Channel Concrete Pour Water Greenbank, J. 1996 X Water quality monitoring during 45 m3 concrete pour to N/A

Quality Monitoring 1996 repair erosion damage and cap loose stone. Cites BC Hydro
(1984) headpond limnological and fish sampling.

Terrain Stability Mapping of Glade Face Halleran, W. 2007 2006 X X Terrain stability mapping at a scale of 1:20,000 of Glade Face |None Halleran, W. 2007. Terrain Stability Mapping of

(South), Goose Creek and Hall Creek at TSIL south (area between Glade Creek, Kootenay River and Glade Face (South), Goose Creek and Hall

D; Terrain Stability Mapping of Glade Creek McPhee Creek north). Maps prepared showing terrain, terrain Creek at TSIL D; Terrain Stability Mapping of

and Gander/McDermind Creek at TSIL C. stability, soil erosion potential and soil drainage. Conclusions Glade Creek and

Mapsheets 082F033,34,42,43. were the area is relatively stable, most of the steep slopes are Gander/McDermind Creek at TSIL C. Mapsheets
underlain by rock or coarse colluvium; Good road 082F033,34,42,43. Prepared for Kalesnikoff
construction techniques and maintenance of natural drainage Lumber Company, Thrums, B.C. by Apex
patterns will reduce the likelihood of development related Geoscience Consulting Ltd. 43 p + 4 app.
landslides.

RE: Fish Sampling in Glade and Goose Creeks [Hildebrand, L. 2000 2000 X Minnow trapping in Glade Creek in June. One Rainbow Trout [N/A Hildebrand, L. 2000. RE: Fish Sampling in Glade
(92 mm fl) captured. and Goose Creeks. Memo report to Wally

Penner. Prepared by R.L.&L. Environmental
Services Ltd. 1 p.
Status of the Umatilla dace, Rhinichthys Hughes, G.W. 1989 1980's X Identified Umatilla Dace in the Slocan Pool/Wards Bay area of [None Hughes, G.W. and A. Peden. 1989. Status of the
umatilla, in Canada and Peden, A. the headpond. Umatilla dace, Rhinichthys umatilla, in
Canada. Canadian Field Naturalist. 103:
193-200.

Morphologically distinct populations of the |Peden, A. et 1989 1980's X Columbia Sculpin were identified immediately downstream of |None Peden, A.E., G.W. Hughes, and W.E. Roberts.

shorthead sculpin, Cottus confuses, and al. the confluence with the Slocan River in habitat dominated by 1989. Morphologically distinct populations of

mottled sculpin, Cottus bairdi (Pisces, large boulders. the shorthead sculpin, Cottus confuses, and

Cottidae), near the western border of mottled sculpin, Cottus bairdi (Pisces, Cottidae),

Canada and the United States near the western border of Canada and the

United States. Canadian Journal of Zoology 67:
2711-2720.
Game Fish Culture, Obstructions etc. Province of 1950 Unknown X Rainbow Trout stocking records: 70,175 fingerlings into Slocan|No further research suggested. Province of BC. 1950. Game Fish Culture,
BC Pool Obstructions, etc. Memo report prepared by C.
Robinson of the Game Department. 2 p.
Columbia River Treaty Review — Technical Province of 2013 N/A X Provides a summary of Kootenay River facilities and N/A Province of B.C. 2013. Columbia River Treaty
Studies — Appendix C; Kootenay System BC operational legislation. Review — Technical Studies — Appendix C;

Operations.

Kootenay System Operations.
http://engage.gov.bc.ca/columbiarivertreaty/re
view/technical-studies/
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The Distribution and Status of White R.L.&L. 1996 1995 X X White stugeon were able to move between the Columbia No further research suggested. R.L. & L. Environmental Services Ltd. 1996. The
Sturgeon in Isolated Waterbodies within the River, lower Kootenay River to Bonnington Falls and the distribution and status of white sturgeon in
Columbia River Basin in B.C. - 1995 Study Slocan River prior to construction of BRD in 1944. Set lines isolated waterbodies within the Columbia River
Results were used to sample the Brilliant Headpond in June and Basin in B.C., 1995 study results. Report
August 1995. No sturgeon (or burbot) were captured. prepared for B.C. Ministry of Environment,
Northern Pikeminnow were the only species captured. Lands and Parks. R.L. & L. Report No. 468aD: 12
p. + 2 app.
Fisheries studies in the lower Kootenay R.L.&L. 1998 1990-1993 X X Not located or reviewed. Cited in Golder 2002. N/A R.L. & L. Environmental Services Ltd. 1998.
River, 1990-1993 results Fisheries studies in the lower Kootenay River,
1990-1993 results. Report prepared for
Columbia Power Corporation. R.L. & L. Report
No. 379F: 59 p. + 4 app.
Brilliant Expansion Project: Summary of R.L.&L. 1999 1990-1993 X X X X Provides assessment of seasonal and temporal population Data report - no further research recommended (R.L. & L. Environmental Services Ltd. 1999.
Aquatic Inventory Data of the Kootenay and 1997 trends for the prevalent fish species in Brilliant Headpond Brilliant Expansion Project: Summary of aquatic
System near Brilliant Dam during 1990-1993 and 1997 surveys. Sportfish more common inventory data of the Kootenay system near
in upper section of the reservoir, non-sportfish distributed Brilliant Dam. Report prepared for Columbia
throughout and tend to be in areas of low velocity with some Power Corporation, Castlegar, B.C. R.L. & L.
form of submerged cover (aquatic vegetaiton, stumps, Report No. 552F: 72 p. + 3 app.
boulders). Important habitat areas identified included the
South Slocan Dam tailrace, channel margins, shallow shoal
areas, the Slocan River confluence and lower reaches and
alluvial fans of McPhee and Little McPhee creeks. Water
quality smples collected in 1997 in upper and lower headpond
as well as Slocan River. Similar in up and downstream
locations and did not suggest the presence of major limiting
factors to aquatic life. TGP elevated in headpond during the
spring associated with spill at dams upstream.
Brilliant Expansion Feasibility Study, 1992 R.L.&L. 1993 1992 X X X X Data on fish population abundance, movements, critical N/A R.L.&L. Environmental Services Ltd. 1993. Reference not located. Identified
Fisheries Study Results and Preliminary habitat uses, life history, spawning and TGP. Brilliant Expansion Feasibility Study, 1992 as only ever in draft form.
Impact Assessment Fisheries Study Results and Preliminary Impact
Assessment. Prepared for BC Hydro, Vancouver,
B.C. R.L.&L. Report #351D: 42p + 2app.
Total Dissolved Gas Survey for Selected Sites |R.L.&L. 1995 1993 X Spot TGP measurements in various locations including the N/A R.L.&L. Environmental Services Ltd. 1995. Total |Reference not located.
in the Columbia River Basin, Summer 1993. Brilliant Headpond Reservoir Dissolved Gas Survey for Selected Sites in the
Columbia River Basin, Summer 1993. Prepared
for BC Hydro, Vancouver, B.C. R.L.&L. Report
#394D: 23p.
Seasonal and Operational Survey of Total R.L.&L. 1996 1995 X TGP production surveyed at various facilities including N/A R.L.&L. Environmental Services Ltd. 1996. Reference not located.
Gas Pressure Production in the Columbia Kootenay Canal and Brilliant Dam (upstream and downstream Seasonal and Operational Survey of Total Gas
River Basin points of the reservoir). Pressure Production in the Columbia River
Basin. Prepared for BC Hydro, Vancouver, B.C.
By R.L.&L. Environmental Services Ltd. BC Hydro
Strategic Fisheries Report No. SFP96-COL-02:
108p. + 6 app.
Issues in aquatic ecosystem management in [R.L.&L. 1997 N/A X X X X Synopsis of important fisheries issues and concerns in the N/A R.L. & L. Environmental Services Ltd. (1997). Reference not located.
the Columbia Basin Columbia River Basin; summary of historical impacts to fish Issues in aquatic ecosystem management in the
resources in the Basin Columbia Basin. Report prepared for Columbia
Basin Trust, Nakusp, B.C. R.L. & L. Report No.
553F: 20 p.
Electoral Area | Comprehensive Land Use Regional 2016 2016 X X X X Background information prepared for the community None - background data document. Regional District of Central Kootenay (RDCK).
Bylaw Community Backgrounder District of including a summary of fish and wildlife species of 2016. Electoral Area | Comprehensive Land Use
Central conservation concern. Provides some background on the Bylaw Community Backgrounder. Available at
Kootenay Brilliant Head Pond Stewardship Initiative. http://www.rdck.ca/assets/Services/Land~Use™
and~Planning/Documents/2016-06-28-I1-CLUB-
Backgrounder.pdf.
Kootenay Lake, British Columbia Selkirk 2015 2015 X Mapping product completed by Selkirk College students N/A Selkirk College. 2015. Kootenay Lake, British
Watersheds. College Columbia Watersheds. Map produced by
Venessa Langhorn, Selkirk Geospatial Research
Center, May 2015. Available at:
http://www.sgrc.selkirk.ca/projects/columbia-
basin-watershed-network/.
Canadian Columbia Basin Regional Silverwing 2015 N/A X X X X X The purpose of this document is to provide a framework for |ldentifies strategies to address invasive species in |Silvering Ecological Consulting. 2015. Canadian |http://ckiss.ca/wp-
Framework for an Aquatic Invasive Species [Consulting regional invasive species organizations and their partners to [the Columbia Basin. Includes pathways for Columbia Basin Regional Framework for an content/uploads/2015/04/2016-

Program: 2015 to 2020

Ltd.

promote a proactive, strategic, collaborative and coordinated
approach to aquatic invasive species prevention and
management. Identifies AlS in upstream Kootenai River with
potential for natural introduction pathways to program area.

community engagement. See report for full list.

Aquatic Invasive Species Program: 2015 to 2020.
Prepared for the Columbia Basin Aquatic
Species Invasive Species Steering Committee.
18 p. + 8 app.

CB_AIS_Regional_Program_Fram
ework_FNLRevised-April2016.pdf
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Habitat

Reference Title Author Report Study Year(s) | Wildlife | Forestry | Fish Watfar Water Social General Enhanc- | Inventory | Mapping | Ir Study Highlights/Key Findings Data Gaps Identlfle.d for Further Research & Citation Additional Notes
Year Quality | Levels Ecology ement Community Engagement
Propagation of Wetland Vegetation— CPC  [Terra Erosion 2010 2010 X X Native wetland plants were planted along the foreshore in None Terra Erosion Control Ltd. 2010. Propagation of
Thrums Shoreline Restoration Project Control Thrums to provide protection from erosion created due to Wetland Vegetation — CPC Thrums Shoreline
wave action. Restoration Project. Available at:
http://www.terraerosion.com/projects/Stream
bankRestorationProjects-
CPCThrumsShorelineRestorationProject.htm
Dam Footprint Impact Summary; BC Hydro |Utzig, G. and 2011 2011 X X X X Evaluation of various pre and post dam aquatic and terrestrial |Identifies various compensation options and Utzig, G. and D. Schmidt. 2011. Dam Footprint
Dams in the Columbia Basin March 2011 Schmidt, D. ecosystem area and productivity values. General issues are  |evaluates the potential benefits to primary Impact Summary, BC Hydro Dams in the
relevant but nothing specific to Brilliant Headpond. production, aquatic and terrestrial habitats and  [Columbia Basin. Prepared for Fish and Wildlife
species. Nothing specific to Brilliant Headpond Compensation Program: Columbia Basin.
Reservoir.
Scientific Fish Collection Permit Submissions |Vandenbos, R.| Various | 2007-2009, X X Minnow trapping and backpack electrofishing surveys in N/A Available on EcoCat
(CB07-35414, CB08-48366, CB09-56890, 2013 and 2014 Glade Creek. Rainbow Trout observed consistently. One Bull
CB13-90126, CB14-150810) Trout observed in 2013.
Local Knowledge of Columbia River Fisheries [Westslope 2001 2001 X X White Sturgeon were present in the headpond to Bonnington |Summary of local knowledge and no Westslope Fisheries. 2001. Local Knowledge of

in British Columbia, Canada

Fisheries Ltd.

Falls prior to construction of the Kootenay River dams in the
early 1900s.

recommendations were provided.

Columbia River Fisheries in British Columbia,
Canada. Report prepared for Columbia-
Kootenay Fisheries Renewal Partnership,
Cranbrook, BC. 50 p. + 1 app.

Page 4 of 4




