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EXECUTIVE SUMMARY

Burbot Lota lotg were historically distributed throughout the Catbia and Canoe Rivers, and historic
Kinbasket Lake, which were impounded by the construction of Mica Dam in 1973. Mica Dam created
Kinbasket Reservoir, a 216 km long, 43,200 ha ultraoligotrophic water body. Burbot are present
throughout Kinbasket Reservpthis is a technical report that summarizes the findings of the second
(20142015) of a three year monitoring study of their life history and habitat use.

Kinbasket reservoir has a normal operating range of approximately 35 m. The reservoir experiences
rapid drawdown during the winter months from January to April, when reservoir elevations decline by
an average of 4.3 m/month. Burbot spawn during this time period, and the success of their spawning
maybe affected by declining water levels. Burbot often\wpan shallow water, and developing eggs
require several weeks to months to develop before hatching, at which time larvae spend several days
resting before becoming planktonic. It is during this time period that optimal spawning habitat,
developing eggs arewly hatched larvae may become stranded by declining water levels in Kinbasket
Reservoir. The fact that Burbot still exist in Kinbasket Reservoir implies that populations persist despite
potentialimpacts from declining water levels; however, spawrsogcessor a componenbf the
populationmay be affected by operations in all or some years.

This study uses biotelemetry to determine biological characteristics, movement and depth preferences
of Burbot during their suspected spawning period. Previous dateapture rates and logistical

constraints limited the study area of Kinbasket Reservoir to the section between the Canoe Arm and
Surprise Rapids. Burbot were captured by baitedtcaps during the immediate postpawning period

of late April and earlivay, 2014 and 2015, shortly after ioff and during the period of minimum

reservoir elevation. Seven major areas of the reservoir were targeted for capture. Capture was
conducted in 48 h soaks, in shallow areas (< 20 m) to minimize mortality to capshied f

A total of 99 Burbot (mean size 660 +15 mm; 1.5 +/0.67 kg) were caught in 7 days of trapping in
2015, yielding an overall CPUE of 0.64 fish/trapset (95% CIl e® T BIish/trapset). CPUE was

moderate compared to other lakes in British Columlapture success varied between the seven
capture areas targeted in the reservoir, indicating that Burbot abundance is not spatially uniform
throughout the study area during thegiostspawning period. Burbot size varied between capture
locations. Thiswggests variation in age structure or size at age in different areas of the reservoir. Most
Burbot captured were in postpawning condition.

Fifty fish of a broad size range (0838.96 kg) were surgically implanted in 2015 with combined
acoustieradio transmitters (CART) that transmit depth and temperature sensor data, for a total of 98
fish tagged for the study. These fish will be tracked yeand by fixed acoustic receivers from
Spring/Summer 2015 to Spring 2016. Sixteen fixed acoustic receiversadepgoyed in May 2015 and

14 new receivers were deployed in July 2015. Aerial radio tracking was discontinued due to poor
recapture rates. Receivers were placed in specific areas to detect broad scale movements and in the
vicinity of stream confluence aas that are suspected spawning areas. These receivers will record data
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of Burbot biology and life history yeaound and be used to determine movements towards spawning

areas and depths used during the spawning season. Receivers will be downloadedgr2&psin

Mobile and fixed receiver tracking datallectedfrom 2014 t02015 indicated that there was no clear
movement pattern towards a specific congregation location in thegpawning and early spawning
season. While data from fixed acoustic receivadicated variability in the depths occupied by Burbot

and their mobility, patterns in shallaay habitat (approximately<25 m)use during spawning season and

deeper habitat use during fall/early winter were obsera@proximately>25 m) Shallow habitatise

during spawning season was corroborated by radio tracking data and observations of river habitat use
was also made during this time. Data collected from fixed acoustic receivers also showed clear evidence

of diel vertical migration (DVM) by Burbot.

Management Question

Hypotheses

Status (2015; Year 2)

What are some basic biological
characteristics of Burbot
populations in Kinbasket
Reservoir (e.g., distribution,
abundance, growth and age
structure)?

Distribution and abundance of
Kinbasket Burboassessed in
2014 and 2015. To be further
addressed in Year 3.

Does winter drawdown of
Kinbasket Reservoir cause the
dewatering of Burbot spawning
habitat and affect spawning
success?

H1: Winter drawdown of
Kinbasket Reservoir causes
dewatering of Burbotgawning
habitat, which reduces egg
survival and Burbot spawning
success.

H2: Winter drawdown of
Kinbasket Reservoir causes
dewatering of access to Burbot
spawning habitat in some years

To be addressed in Year 3.

Can modifications be made to
the operationof Kinbasket
Reservoir to protect or enhance
spawning success of these
Burbot populations?

To be addressed in Year 3.

Canadian Columbia River InfEribal Fisheries Commission
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INTRODUCTION

Background

Kinbasket Reservoir was created by the construction of Mica Dam in 1973, under the terms of the
Columbia River Treaty. The purposes of the creationisefdhrthfill, high head dam and reservoir were

for optimized, coordinated power generation between Columbia River mainstem dams in the US and
Canada and for downstream flood control. The reservoir inundated 216 km of the length of the
Columbia River betwaeMica and Donald, and is among the largest reservoirs in British Columbia, with
a maximum surface area of 43,200 ha. Prior to dam construction, the majority of this habitat was free
flowing, with the exception of a lacustrine portion known as KinbasKes tizat was 1&m long and

had a surface area of 2,250 ha (Prir2@11). The reservoir can be coarsely segregated into two main
reaches, with the Columbia and Canoe reaches meeting at the historic confluence of the Canoe and
Columbia rivers, where the Cahbia River turns southward approximately where Mica Dam is currently
situated. The reaches of the reservoir are typically bounded by steep valleys and are narrow, with
stretches becoming riverine at low pool. Three large lacustrine portions of the reseoair at the
confluence of the Canoe and Columbia Reaches, at the historic location of Kinbasket Lake near the
confluence with the Sullivan River, and at the confluence with the Bush River. Stream inputs are largely
glacial, draining the high elevatiomrhern tips of the Selkirk and Monashee mountains from the West,
and the extensively glaciated West slopes of the Canadian Rockies from the East.

Operations of Mica dam result in extreme annual fluctuations of the reservoir levels. Kinbasket reservoir
elevations may vary between a maximum of 754.38 m and a minimum 707.41 m, and may occasionally
be brought up to a maximum elevation of 754.68m on application to the Comptroller of Water Rights if
there is a high probability of spill. Normal operating lewelthe 20082012 period was from a mean
maximum of 753.26 m and a minimum of 718.12 m, with a normal operating range of 35.14 m.
Drawdown from full pool normally begins slowly in September, and draft rate increases through the
winter, with a levelling ofbf drafting and normal low pool occurring in rdate April. During the spring
period, discharge from Mica dam decreases, which coincides with the normal spring freshet, which
rapidly refills the reservoir through the spring and early summer.

Burbot (otalota) were identified by the Columbia River Water Use Plan Consultative Committee (WUP
CC) as a key fish species of concern in Kinbasket Reservoir because of their importance to the sport
fishery, because of the potential for links between reservoir opgerst and Burbot population

productivity, and due to the dearth of information regarding Burbot biology in the reservoir (but see
Harrisonet al.,2013). The WUP CC hypothesized that the greatest potential impact of reservoir
operations on Burbot populatianmay be the dewatering effect of winter drawdown on spawning
success and egg survival in sites along the shoreline and in lower sections of tributaries. The WUP CC
also had concerns that winter drawdown could affect Burbot spawning habitat in tributagmss of
Kinbasket Reservoir. To address these concerns, the WUP CC recommended that a life history and
habitat use assessment be undertaken in Kinbasket Reservoir to gain a better understanding of how the
current operating regime might be affecting Burlpmtpulations.

Canadian Columbia River InfEribal Fisheries Commission 1
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Burbot typically spawn between late January and April, with timing on major Columbia River system
reservoirs (Duncan and Arrow) occurring in fRgbruary to early April (Arndt and Hutchins@®00;

Bisset and Cope002;Prince and Cope008 Cope 2011;Robichauckt al.,2013), either in lake

habitats or low velocity stream habitats, and have an egg incubation period@® 8ays (Taylor and
McPhai] 200G McPhai) 2007). After hatching, larvae spend several days resting on the bottom before
becoming freeswimming and planktonic in the water column. It can be expected that the period of
spawning and egg and early larval development occurs between February anilinay Kinbasket
Reservoir, which coincides with the period when reservoir water levels can decline by an average of 4.3
m/month before reaching low podlevation Eigurel).

Reservoir day-end values (2008-2012)
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Figurel: Potential depths used by Burbot during the spawning period that are at risk of dewatering in an average year of
reservoir operation. Greater depths are at less risk for dewatering as the spawning seasongaagme represents mean
water elevation from 2008 to 2012.

The greatest potential impact of reservoir operations on Burbot populations may be the dewatering
effect of winter drawdown on spawning success and egg survival in sites along the shoreline and i

lower sections of tributaries. Burbot spawn in aggregations, often at night (M¢R@@aw), and

vocalization appears to be a key behaviour that may aid Burbot in locating each other for spawning (Cott
et al.,2014). In lakes and reservoirs, spawning megur over neashore shallows or over shallow

offshore reefs and shoals (Foetlal.,1995 McPhai] 2007 Spence1999 Prince and Cop&008);

however, deeper spawning (>20m) may also take place (Robi&taid2013). In rivers and tributaries,
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Burbot spawn in low velocity areas in main channels and in side channels behind depositional bars
(McPhai] 2007). In many cases, spawning in lakes is often associated with tributary confluences or
upwelling; however microhabitat preferences for spawning appda be general, as Burbot may select

a range of substrate, habitat characteristics and depths to spawn @aid 1995 McPhail 2007,

Andrusak 1998 Baxteret al.,2002 Spence and Neufel@002 Prince and Cop€008 Cope 2011). The
depth at which spawning takes place, coupled with the timing of spawning until the period of maximum
drawdownin April, dictates whether there is a risk of spawning failure due to reservoir operations
(Figurel).

Declining water levels may also interfere with Burbot spawning migration and spawning activity. In a
radio telemetry study of adult Burbot in Duncan Reservoir, the extent of spawning migratiothéent

upper Duncan River appeared to be influenced by reservoir water levels and related impacts-on back
flooding and stream velocity (Spence and Neuf2@D2 Cope 2011). As back flooding from Duncan
Reservoir declined, Burbot tended to move downstreato iareas with lower water velocities than the
locations they had abandoned. Since stream spawning Burbot tend to spawn in low velocity stream
habitats (McPhajl2007), the Burbot may have been moving downstream to more suitable lower
velocity spawning siis. Burbot are known to have low swimming endurance and biotelemetry results in
the Kootenay River below Libby Dam suggest that spawning migrations of Burbot in the Kootenay River
may be disrupted by high flows produced during hydropower production adi ftontrol (Paragamian
2000).

Theoperationalimpacts of Mica Dam depend on the life history strategy of resident Burbot populations.
As there is no prelam life history information available for Burbot populations in this assagssment

of impacts mut rely on estimatiorbased on habitat features, other species and other Burbot
populations. What is known is that there was habitat connectivity between the historic Kinbasket Lake
and the upper Columbia watershgulior to dam construction and operatioiihe literature suggests

that all three life history forms of Burbolagustrine, adfluvial, fluviabften ceexist within the same
system (McPhgiR007) and this may have been the case for Burbot occupying the historic Kinbasket
Lake and upper Columbigisiem that is now inundated by Kinbasket Reservoir. Adfluvial and lacustrine
remnant life history forms may still be present, or the population may be supported by fluvial
immigrants from upstream sourceghe relative contributions or existence of anytlvése three life

history forms to the current Kinbasket Burbot population is unknown.

While the life history and population status of Kinbasket Lake and the Columbia River Burbot before
dam construction are largely unknown, recent studies have provideasosights into important
habitats and distribution of remnant stocks (Prin2801; Harrisoret al.,2013). Growth rate is highly
variable, as within other populations (Cq@®11). Burbot capture is relativelyristent and successful
in the @nfluence Bush pool and historic Kinbasket Lake areas of the reservoir, and near tributary
confluences in the Sullivan, Bush and Wood arms and Hugh Allan Creek, @@@icd°rince2011;
Harrisonet al.,2013). Most Burbot (~2/3 of fish captured in the confluerrecea between the Columbia
and Canoe Reaches) appear to make limited seasonal movements, and diel vertical migration and
seasonal shifts to shallower habitats in winter are common (Haresah,2013). This suggests that
there may be many, neoentralspawning areas, and/or that fish may not spawn annually, a common
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observation for Burbot (Paragamian and Wakkir2908), especially those in reservoirs (Dunnigan and
Sinclair 2008). For fish that did move out of the confluence area, there does not appéda a central
spawning area where fish move towards (Harrison, pers. comm.).

Management Questions
The management questions (MQs) associated with this monitoring program are (BC 200

1) What are some basic biological characteristics of Burbpulations in Kinbasket Reservoir (e.g.,
distribution, abundance, growth and age structure)?

2) Does winter drawdown of Kinbasket Reservoir cause the dewatering of Burbot spawning habitat and
affect spawning success?

3) Can modifications be made to theeration of Kinbasket Reservoir to protect or enhance spawning
success of these Burbot populations?

The monitoring program will provide a quantitative baseline dataset to establish basic biological
characteristics of the Burbot populations in KinbasketdReoir. It will provide information on habitat

use, life history and rough estimates of abundance, and possible factors affecting Burbot productivity.
Specifically, the assessment will address uncertainty regarding the extent to which Burbot are present i
the drawdown zone during the spawning season, and if these areas are at risk for dewatering during the
operational years of the study. A comprehensive drawdown risk assessment will be conducted in Year 3.

Management Hypotheses

The primary aim of this maioring program is to provide baseline information on the Burbot population
in Kinbasket Reservoir to better inform on the relationship between reservoir operations and
recruitment. It is designed to specifically test the following hypotheses using asisun®off winter
(JanuaryApril) habitat use being linked to spawning activity:

H1: Winter drawdown of Kinbasket Reservoir causes dewatering of Burbot spawning habitat, which
reduces egg survival and Burbot spawning success.

H2: Winter drawdown of Kinbask&eservoir causes dewatering of access to Burbot spawning habitat in
some years.

Key Water Use Decision Affected

Implementation of the proposed monitoring program will provide information to support more

informed decision making with respect to the needbi@mlance storage in Kinbasket Reservoir with
impacts on fish populations in the reservoir. Specifically, it will provide the information that is required
to support future decisions around maintaining the current operating regime or modifying operations to
protect reservoir Burbot populations.

Canadian Columbia River InfEribal Fisheries Commission 4
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METHODS

Overview, study objectives and limitations

The general approaatf this studydraws upon the designs of previous Water Use Planning Burbot life
history and habitat use studies, particularly CLBMZINGloveet al.,2009 2010 Robichaucet al.,

2011, 2012, 2013) and DDM&IM (Cope2009, 2010, 2011), and refines them.

The study is designed to answer the management questions (MQs) outlined in the previous section.
Unfortunately, the main drawbacks of work &mbasket reservoir are the size of the system, and
inability to conduct orreservoir work during the spawning season in FebriMaych, which differs

from the conditions of the previous two Water Use Planning studies on Arrow and Duncan Reservoirs.

The sudy is concentrated in a reduced area bétreservoir, between the Wood# and Surprise
RapidsFigure2). This reduced area was chosen based on previous informafi@urbot occurrence

and logistical considerations for working from the only accessible boat launch near Mica Dam during the
low pool period. During the Burbot spawning season, Kinbasket reservoir has unpredictable, dynamic ice
conditions that make omeservoir winter work unsafe. In addition, the remoteness of the reservoir
requires extensive travel with limited safe access and contact points. Given these safety and logistical
constraints, the following study design attempts to answer MQs 2 and 3 withiotking onreservoir

during the spawning season, and uses a combination of fixed receiver and mobile helicopter tracking.
These methods attempb infer whether fish are present and congregatinghallow drawdown

habitats during the spawning season.sTapproach cannot confirm spawning activity, timesence of
aggregations oBurbotand movement taelatively shallow depthover multiple daysluring the

potential spawning periowvill betreated as indicative afpawning activityvhen testing the

managment hypotheses outlined in the previous section.

Canadian Columbia River InfEribal Fisheries Commission 5
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Figure2: Study area within Kinbasket Reservoir
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Burbot capture and tagging

Standardized capture techniques (i.e., time of year, depth, decompression methods and proper
equipment) using baited cod traps have been developed and refined through many studies in the
Kootenay region of British Columbia, and we applied these to minimizéality and tag loss in

captured fish. A spring capture time of year was chosen, as distribution shifts to shallower habitats,
where the risk of barotrauma and mortality is lowest, while capture rates still remain high relative to
other times of year (Brnardet al., 1993Neufeld 2006 Cope 2009 Harrisonet al.,2013). Capture

during this time of year is further justified by minimizing stress that may interfere with spawning
behaviour and maturation of adult fish (Cq@8€09), and provides nearly alffyear of recovery before

the critical tracking season during the spawning period. Further advantages of spring capture include
isothermal, cool water column, thus minimizing temperature and decompression stress on fish brought
up from depth (Harrisoet al.,2013)

Trapping was conductegsingcod traps baited withChum salmomhat were strategically placeth five
reservoir areas wherhighBurbot bycatctwas observedn aprevious study that attempted to capture

white sturgeonusing setline technique@rince 200). The five areas sampled in 2014 were revisited
(Wood Arm, Columbia Reach in vicinity of the Cummins River, in the vicinity of the confluence with the
Kinbasket River, in the vicinity of the confluence with the Sullivan River and in thheampgportion of

the Columbia Reach to Surprise Rapids). Two additional areas were sampled in 2015: in the confluence
around the vicinity of Encampment Creek, and along the shoreline of the historic Kinbasket Lake. The
Cummins River sampling area from 2@4 & NBYlF YSR &/ 2t dzYo Al wSIF OK b2 NI ¢
sampling area from 2014 waB Yy | YSR &/ 2 f dzY ¢Figure3)wASvarienkof degttazibétvieen

5.8 and 18 m, were sampled and specific areas and depths were randomly selected for trapsets within
the seven major sampling vicinities. Depths of over 20 nevesoided to minimize risk of barotrauma.
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CLBMORMS: Kinbasket Reservoir Burbot Life History anbitdaUse Assessment

Figure3: Locations of Burbot capture (orange cirolgth tag numbersn=7) and acoustic receivers (n=30) within Kinbasket
Reservoir study area. Receivers deployed in 2014 are markedbhaik triangles and receivers deployed in 2015 are marked
with blue squares.
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