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Executive Summary

In 202122 the Friends of Kootenay Lake conducted gestoration monitoringassessmentsand

habitatresearcht ' a O52y I ft RQa [ YRAY3a wSIA2yLFf t I NJ] Ay LI N
the Okanagan Nation Alliance, University of BC Okan&gatisBCandBC Hydro as part af multiyear

initiative to address the concern of shespawning kokanee salmon (SSKBjcprhynchus nerfaedds

and fry dewatering with the annual spring drawdown of Kootenay Lake.

In September 2020, 80 cubic metresgodvel was sifted, sorted, and deposited along the foreshore of
aO52ylfRQa [FTYRAY3 wSaAA2y Lt tIFN] FaG F 1y26y {{Y{
low water mark (LWM)n addition to providing improved spawning habitat, this was dorenin

attempt to encourage SSKS to spawn below the LWM where redds will not dewater.

Yeartwo of the Shoe-Spawning Kokanee Habitat Restoration & Research Piojaaved monitoring
spawning kokanee numbers and redevelopment; examining spatial and temporal variability of rear
shore groundwater seepage; assessing gravel morphology and conducting gravel maintenance;
comparing eggo-fry survival in the restored substrate below the low water mark to the historical
substrate above the low water mayrkollecting water temperature datgpnducing multi-spectral

imaging of the spawning habitassessing dewatered SSKS redds, and conducting community education
and outreach about shorspawning kokanee salmon in Kooterake.

Hnum 61 & O2yaARSNBR | Gspa@hirg kokaadallthdhg Righestdehsty oI T2 NJ & K
fishper LAMNB O2 NRSR i (GKS a05 2yl SSRulized the/imstaliédspaM@irg i 2 NI
gravel across the entire restoration sitejem at the deepesgravel locationsthough they did not

appear to show utmost preference for the restored graw@h average27.5% of spawners were

counted above the LWM.

Eggto-fry survival rates of installed triploid kokanee eggs were 23% on avew#e24% survival in the
control and 22% survival in the restored areas. This indicated that there is a negligible difference in the
survival of egg$o-fry above versus below the LWM prior to lake drawdown. These results show that
kokanee offspring wouldot be detrimentally impacted if deposited below the LWM. Eggs deposited
below the LWM would also not dewater tine spring resulting in a much greater overall survival rate
compared to eggs deposited above the LWM. Therefore, there is some level aferm&ithat kokanee
eggs and fry would benefit frointerventionsto keep spawners lower in elevation.

Majority of redds were formed along the LWM in areas of high groundwater upwelling, indicating that
groundwater is a better predictor of redd developmehan substrate. Majority of dewatered redds
identified did however consist of some or most of the installed gravels, isigotivat spawning kokanee
were usingthe new gravel for reddbuilding. The development and survival of stranded fry appeared to
be greater within redds that were created using the installed gravels compared to the finer historical
substrate. The larger substrate allows for more interstitial water flow and room for fry grhake

levels dropped until Apr 19, 2022 to 1739.2 ft. Redds tzal been dewatered for onmonth were
discovered to contain mostly live kokanee on April 12, 2022, indicatingfitingre is groundwater flow,
kokanee fry can survive long periods in stranded reditie. final dewatered red survey conducted on
May 4, 2@1 revealed some skinny, but live fry still clinging to life within dewatered redds.



Groundwater presence can be seen in the thermal imageés] Sy 2F 020K GKS aO52yl f |
Bonaventure Lagoon spawning sites, both on land and in the wiaengh,more precise calibration

would improve the usability of thermal imagefyhe visual presence of groundwater in the thermal

images almost perfectly correlated with the locations of identified dewatered SSKS redds at both

spawning sites. This showed that theal imagery can be used to identify groundwater presence and

the probable locations of dewatered SSKS redds.

¢Sy SRdzOl GA2y K2dzZNE NBf | SR -SpawnihgXpkanésSHabitatl t Y2y | Yy R
Restoration & Research project were provided to moratii00 students from daycare to colleigethe

Kootenay Lake aredwelve stakeholders participated in our groundwater research presentation on

January 27, 2022n educational video about shospawning kokanee salmon in Kootenay Lake was

released in Apli2022 to use as an education tobburteen homes were visited to educate
YSAIKO2dzZNAY3I NBaAARSy(Ga o62dzi CNASYRa 2F Y22GSyl @
knowledge and values. Nine people participated in the survey, which concludechaijaity of
adjacentlandownersare aware of the spawning habitat in Bonaventure Lagoon, are concerned about

the habitat quality, and would like to see work happen at the site to improve the habitat.

Recommendations outlined at the end of this report are intended to guide continued monitoring,
assessments, and research in year three of this project.
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Introduction

Friends of Kootenay Lakell S 4 I NR & K SHare§pawdihgKokar@eiHabitat Restoration &
Research Project is a mujtear initiative to address theoncernof shorespawning kokanee salmon
(SSKgPncorhynchus nerkaeddsand frydewaterirg with the annual spring drawdown of Kootenay
Lake.

Kokanee populations Kootenaylake have suffered extreme declines, with a more than 99%
population declineof mainlake kokane®bserved between 2012 and 2017 from 1.25 million to 12
thousand, respectiely Province of BC, 202XKokanee returnsince 201%re only about three percent
of the longterm historic averagand egg deposition is decreasing over time (McPhearson, 2018).

Shorespawning kokanee, a genetically distinct population of kokaneamain Kootenayakethat

spawn along shorelines in areas of upwelling groundwater, are at greater odds as they are met with
additionalsevere habitat constraints. The annual daontrolled drawdown of Kootenalake in

preparation for spring freshet causes the dewatering8K#ddsand frythat were deposited the

previous fallwhen water levels were higheAn analysisfY 2 2 1 Sy I & [ | { SQé&daké RNE2 I NJ LJ
average 120SSKS redd dewatering in gfam conditiors between 1928 and 1932, and an average of

70% dewatering in postam conditiondetween 2000 and 201(@Poisson and Redfish 2012).

SSKS redd dewatering is being mitigated one in every three years by drawing down Kootenay Lake to
1742 feet between migBepember and migOctober during the spawning periagthis has occurred in

2012, 2015, 2018 and 2021. While there is evidence that these actions help mitigate redd dewatering, it
is not enough to support eg-fry survival for all redds, or every yedheren lied the opportunity to

pilot a restorationand research project to 1) better understand SSKS and their habitats and 2) test
whether habitat restoration can be an effective mechanism for mitigai8¢K8dd dewatering.

In September 2020, 8€ubic metres of gravel was sifted, sorted, and deposited along the foreshore of
aO52ylfRQa [FYRAY3 wSAA2yIFt tIFN] FaG F 1y26y {{Y{
low water mark (LWM). This was done in attempt to encourage SSKS to spawn below tha VM

elevation that will not dewaterThe restoration project involved gravel maintenance and ongoing

monitoring, assessment, and research into SSKS spawning numbers, redd development, groundwater
discharge and egt-fry survival in the restoredersus ratural substrate, and in deepeeksus

shallower areas.

Year two of the project (20222) involved postestoration effectiveness monitoring and assessments,
as well as habitat researcWaluable data were gathered that will help formulate recommendatimd
methods for addressing the dewatering of SSKS redds atltrényghout the west arm oKootenay

Lake The projetactivities were made possible with considerable support and guidance from provincial
government scientists, First Nations partners, hyaeatric industry representativeand numerous
volunteers
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Goals and Objectives

The goalsand objective®f the ShoreSpawning Kokanee Habitat Restoration & Research Project (year
2) were as follows:

Goal 1: Examine spatial and temporal variability afar-shore groundwater seepage
Objective 1.a.Quantifygroundwater dischargehrough the installation and use of seepage metres
Objective 1.b.Collect data ongpundwatertemperaturethrough the installation and use of vertical
sediment temperature profihg rods
Objective 1.c.Collect data on lake leve#levationthrough the installation of a water level logger
Objective 1.d..Monitor the water table elevation through the instation and use of a piezometer
and water level logger
Objective 1e.: Determine thecomposition and source of nearshore interstitial water using isotope
analysisand natural tracers.
Objective 1.f.: Determine interplay between groundwater upwellingad lake stagéhrough data
analysis

Goal 2:Assess morphological changes to gravel deposits over time anddessaryconduct
maintenance to further improve spawning habitat for SSKS
Objective2.a.: Assess gravel morphology and pileup during reggitarvisitsthrough visual survey
Objective2.b.: Smooth and level gravel piles and rake and shovel gravel deeper into the water
column to reduce pileup on the shoreline and enhance usability and quality for spafwithg
necessary permitting).

Goal 3:Monitor the restored habitat for evidence of SSKSage of gravehnd spawning activity
Objective 3.a.Monitor spawning activity weeklyom mid-September to mieDctober,enumerating
spawning kokanee and visible redds
Objective 3.h: Collaborate with theMinistry of FLNRORD regarding their weekly SSKS surveys and
share data

Goal 4:Assess egg to fry survival in the restored and control areas where spawning is observed, and
measure temperature fluctuations

Objectived.a.: (November)installfive capsules each containing 200 kokanee eggs and temperature
data loggersbove the low water mark (in the natural substrate) dive below the LWM (in the
restored substrate

Objective4.b.: (JanuaryExhume the egg capsules and enumerate eggs, aewriry contained

within each.Compare survival rates between restored and control areas.

Goal 5:Increase community engagement and education surrounding SSKS

Objective 5.aEngage First Nations in educational programming and provide professional
developnent opportunities for Indigenous graduates and environmental professionals
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The project is aligned with the following FWCP Priority Action items:

COLRLL.EC0O.HB.19.01 Conservation, enhancement or restoration of Kokanee Pabitat

Kokaneeshorespawning habitat was enhancé@dattempt to reduce the extent of redds that are
dewatered with the drawdown of Kootenay Lake each spring. The enhancements also improved the
ability of kokanee to build reddssé#he installed gravel allows for bettg@ercolation of upwelling
groundwater, as well as more space (between substrate) for kokanee fry to develop.

COLRLL.ECO.ME.21.01 Effectiveness monitoring of past Kokaneef®jects

Year two of the project involved amitoring and evaluaingthe effectiveness oé previous FWCP
Kokanee habitabased projectThe project involved extensive collaboration with partners and
stakeholdersEffectiveness monitoring will help determine the efficacy of habitat restoration and/or
deeper spawning as aenhanism of reducing redd dewatering of shamawning kokanee salmon. This
will help to inform options for reducing redd dewatering at other shepawning sites in the west arm
of Kootenay Lake.

COLRLL.ECO.RI.18.01 Develop hattstd planning for Kokae-P3

Postrestoration monitoring and habitat research is being done with anticipation of future projects that
addressshoré@ LI sy Ay3 121 FyYySS NBRR RSgI (0 SNafyaurvivay Y22GSy
assessmentgyroundwater monitoringkokanee moitoring, redd development monitoring, and

dewatered redd surveys produce valuable information and data that can help answer questions such as:

1 Do spawning kokanee appear to prefer restohatitat/installedsubstrate for redd building?
o Are kokanee utilirig the substrate at its deepest levels?
1 How do survival rates of kokanee edgsry compare in deeper areas vs shallower araad in
sand vs gravel?
o If we prevent kokanee from spawning in shallower areas, would offspring be negatively
impacted?
1 What isthe rate of groundwater upwelling (discharge) that kokanee are selecting for redd
development at this particular site and how does this change over the incubation period?
1 What composition of groundwater to lake water do spawning kokanee (seem to) peeferdd
development?
1 How does lake stage (level) impact groundwater upwelling?
1 Canthermal imagery be used to identify areas of groundwater upwelling?
o Can thermal imagery be used to estimate groundwater upwelling volume/ discharge?
I Can LiDAR imagery beed to identify the locations of redds (watered and/or dewatered?)
1 What is the approximate survival rate of dewatered kokanee redds?
0 What distance from the LWM do redds need to be within to have a chance at surviving
until water levels rise?
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Study Aea

Thed 1 dzRe | NBF fASa f2y3 GKS FT2NBaK2NB 2F Y22GSyl @
about 11 kilometers northeast of Nelson, BC. The study site is delineated into control and enhanced
habitat, pictured below (figuré).

Shore-Spawning Kokanee Habitat Restoration Project Site

— Low Water Mark \
Control and enhanced habitat sites <,( >,>
1 Control ]
[ Enhanced

Inset Map P .

" Project Site

.....

Figurel: Study Site
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Methods

Spawning kokanee monitoring

Spawning kokanee numbers were enumerated weekly betwgeptember 22 and October 12021 by
FOKLSS staff, and weekly betwe&aptember 23 and October 14, 201 Ministry of FLNRORD fisheries
personnel Fourmonitoring days were completed by FOKLSS in total in Z884L.SS monitoring
expeditions were conducted by Jstyle flatdeck boat at coasting speeds across the restoration site.
The site was traversed dirmes for each surveyODnemonitor counted all kokanee observed, and one
monitor counted all kokanee observed above the L\WWMad kokanee were enumerategedds were
enumerated and markedind spawning behavior was noteslpawning behaviour such as guaglitail
digging or visible pairings were recordé&ishcounters were used to tally counted kokanaed redds

and a specific counting method was used to ensure accuracy. A linear object such as a pen or finger was
KStR adGSIFRe Ay (K Svisiorh RaBhtkéangefhattioSed 2hé linSadb&dugerver
passed by, or as the kokanee swam by, was coulledble counting was mitigated by subtracting for
each fish that crossed back over the line.

Figure2: Oct 4, 2021.g&awning kokanee at McDonald's Landing Regional Park (cleaned areas visible)
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Gravel Maintenance

Gravel maintenance was performégice weekly by hand frompril 19" to 28" to smooth deposits and
push gravel deeper into the water column. Large gravel beegre raked and shoveled flat and gravel
pileup on the shoreline was reduced. The foreshore elevation was lowered by about 4 inches, reducing
the extent of exposed gravels, and improving the quality of the spawning habitat.

Egg Capsule Installations
A fish transfer permitand a Section 1¥ater Sustainability A¢changes in and about a stream)
notificationwere obtained.

Ten gerforated capsules containing kokanee eggs and water temperature data loggers were irstalled
November 1, 2024t varying elevaons in the control and restored substra@ne-hundred eggs were
counted and weighedzachabelledcapsule was loaded with ~200 triploid (infertile) kokanee eggs
derived fromthe BC Freshwater Fisheries Societ€ranbrooka HOBO Tidbit temperature data logger,
and a rock (for extra weighth length of coloured flagging tape was tied through the tube for easy
identification. Each of ten capsules were placed into buckets of fresh lake water and carried to the
shoreline. Eg capsules-b were installed within the natural substrate above the LWNS0cm of

water in areas of known groundwater upwelling. Egg caps#E3 were installed by scuba divers within
the restored substrate ir125150cm of water. Egg capsules wereibdr~10cm below theubstrate
surface. Data collected included capsule ID, lake level, date, water depth at insemiemf insertion,
weight of eggs, GPS data point ID and additional ndtesiperature data loggers collected a
temperature reading oncever four hours from November 1, 2021 to January 28, 2022.

-
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Figure3: Nov 1, 2021, Kokanee egg capsule install. Weighing kokanee eggs. Photo credit: Joanne Siderius
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Figure4: Nov 1, 2021, Kokanee egapsule install. Divers installing egg capsules. Photo credit: Joanne Siderius

2021-22 Egg Capsule
Locaitions

— Low Water Mark
Control and enhanced habitat sites
1 Control

[ Enhanced

e Egg Capsules

Figure5: Nov 1, 2021. Egg capsule locations at McDonald's Landing.
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Egg Capsule Removals

Egg capsules were removed from the substrate on Januai3022with support from volunteers and

scuba diversaccumulate thermal units(ATUs) were 894 on this datEgg capsule contents were

emptied and assessed by Ministry of FLNORD fish biologists. Data collected included egg tube ID, lake
level, water depth aremoval, time of removal, GPS data point ID, water temperature, substrate,
presence of invertebrates inside and outside the capsule, egg, fry and alevin count, presence of fungus
on eggs and additional noteBhotos were taken of the contents of each eggsule for a more precise
count later in the office, and data loggers were offloaded.

Figure6: Jan 28, 2022. Egg capsule retrieval. Removing capsule and inspecting for invertebrates. Photo credit: Joanne Siderius
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Figure7: Jan 28, 2022. Egg capsule retrieval. Inspecting capsule contents and counting dead eggs. Photo credit: Joanne Siderius

Eggto-Fry Survival Assessment

Eggs were carefully counted from photograpising the program Paint 3D. Each ¢gat was counted

was marked with a blue dot and tallied on a sheet of pgp@yure 6) Eggs were only counted1® at a

time to maintain accuracy with tallying. The number of eggs remaining in each tube upon removal were
compared to the number of eggs arsed. Pieces of broken eggs were counted using best judgment

for example, if there were 4 pieces of egg that each looked to be the size of ¥ of an egg, only one piece
would be counted as on&he difference in eggs were considered survived and esc&ztd.were

analyzed to compare survival rates between the control and restored sites.

2ufea!
5

—

Figure8: Example of photo that shows counted eggs. Each blue dot eqagtscbunted.
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Logger data was downloaded in .csv, HOBO and .pdf fof®sa& data were copied into one Excel
document.Temperature data were amalgamated into one spreadshieata were removed for Nov 2,
2021 and Jan 28, 2022 for temmature discrepancies from insertion and remousllaximum, minimum,
average, median and stdard deviation were calculate@DF files were combined into one document.

Groundwater Monitoring

The groundwater monitoring study was led by Master of Science Candidate Cameron Spooner (UBCO),
Research Hydrologist Dr. Natasha Neumann (MinistBLOIRORD), and.[Ed. Hornibrook (UBCO), with
support from FOKLSS. In September of 2021, six seepage meters were installed along the foreshore of

ad52y I tRQE [FYRAYI wS3IA2ylrf tFN] G2 YSF&adNB RA&OK

sealed methdrums with an open bottom and two attached tubesne to capture water, and one to

vent gas. The drums are driven into the sediment and capture groundwater flow by pushing water into
the catchment bag at the end of the tube. Groundwater flow or flalsulated by measuring the mass
of captured water over a known amount of time. Seepage meters are one way to directly measure
groundwater flow.

Water surface
P S N N e i | e S N N N W e S R W W S

Figure9: Diagram of seepage metre. Diagram credit: Cameron Spooner.
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Four vertical sediment temperature profiles were installed using steel pipes and a set of 4
thermoresistors. Theanl was to measure sediment temperature and look for signals of groundwater
upwelling. The pipes were driven into the substrate containing a temperature logger on top and four
probes along the length of the pipe@ne 50cm below the lakebed, one 20cm belihe lakebed, one at

the lakebed, and one 20cm above the lakebed in the water column. The temperature profile shows the
difference in temperature between groundwater and lake water, and whether groundwater is pushing
upward and influencing sediment tempeuaes.
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Water
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Figurell: Diagram of vertical sediment temperature profiling probe. Diagram credit: Cameron Spooner.

Figurel2: Photo of vertical sediment temperature profiling probes installed at McDonalasrig restoration site. Photo
credit: Cameron Spooner.
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Water sampling has been completed to measure natural tracers in the nearshore water. Isotope analysis
is ongoing to determine the ratio of groundwater to lake water in nearshore gravel by comparing
hydrogen and oxygen isotope ratios. Natural tracers such as radon and dissolved cations are being
measured in lake water, groundwater, and nearby surface water to determine possible sources of
groundwater and the composition of water in nearshore gravelssatochon redds.

A piezometer was installed to measure the height of the nearshore water table, and a water level logger
was installed in the lake to measure lake stage. These loggers collected continuous data on lake stage
and water table level which canfinence the magnitude of groundwater flow into the lake.

Figurel3: Photo of water level logger measuring lake stage at restoration site. Photo credit: Cameron Spooner.

All of this data is being used in conjunction to look adgible relationships between lake stage and
groundwater seepage as well as track variability in seepage over time and across the study
site/spawning gravels.
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Drone imaging

Friends of Kootenay Lake partnered with the Okanagan Nation Alliamomthuct nultispectral imaging
ofshored LI sy Ay3a KIFIoAdlFdG G alO52yIl t RQausipglaspétibliged I y R
drone. Both spawning sites were imaged on February 15, 2022 and March 23, 2022 to capture high
water versus low watestates Three type®f images were produak high-resolution RGB, thermal, and
LiDAREach drone survey required two flights, one with the thermal/RGB sensor, and one with the
LiDAR sensor. Eadlrgey consisted of about 30 minutes total flight time.A Global Navigation

Satellite System{(GNSS) was installed at the exact elevation of thedaki@aceto calibrate elevation

readings.

Figureld: Feb 15, 2022. Skyeler Folks (ONA) attaching sensor to &toote. credit: Kayla Tillapaugh.

Dewatered Bdd Surveys

In 2022, Wood PLC, an environmental consulting fisas hired by BC Hydro to conduct a detailed
survey of dewatered shorgpawning kokanee redds the west arnof Kootenay LakeThe FOKLSS
Program Manager was invited to attend two of the fidlalys to help locate and assess dewatered redds
FG GKS alO52ylfRQA -pile shR NayrabProcte? spawding) BilesiZABEBhSpawning site
was surveyed weekly from the first week of March to vAjaril.

The grounecrew moved along the shoreline to visually identify potential redd locations and then dig
them up using a shovel or ha#teld trowel.Holes were dug approximately &0 cm apart across the
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length of the spawning site/ shorelinklentified reddswere geolocated and water temperature was
taken. Other data including estimated age, conditidistance from lakepercentmortality etc. were
collected for each identified redd. Thetal number ofdewatered redds was estimated based the
number of reldsdiscoveredand ground coveredThe same process was followed each week as water
levels dropped. Sections of redds wdliagged and left untouched in March so that they could be
assessed with the rising of the water in ApfRkom there, researchers otil estimatethe probability of
redd survival given a specific distance and elevation from the lake.

Figurel5: March 14, 2022. Dewatered redd survey crew locating dewatered redds. Photo credit: Kayla Tillapaugh
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Figurel6: March 14, 2022. Dewatered redd, live fry. Photo credit: Kayla Tillapaugh
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Figurel7: March 24, 2022. Dewatered redd, dead fry. Photo credit: Kayla Tillapaugh.
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Outreach and Education

On January 27, 2023,presentation was offered to stakeholders/ interest groups about the project,
with a strong focus on the groundwater research component. Kayla Tillapaugh, FOKLSS Program
Manager hosted the event and discussed the Stgpawning Kokanee Habitat Restorat&iResearch
Project and Cameron Spooner, UBCO Masters Student presented the research methtatalogy
groundwater study

On Februar®, 2022 two FOKLSS stafiembersvisited ¥ homes in the Bonaventur&ailer Park to

discuss the project and inform rieients of the drone surveys that were planned for February 15 and
March 23 2022. Each resident was provided a slip containing information about the project, our plans to
conduct drone surveys, contact information and website address. We took this opjtgrtarsurvey
residents (with consent) about the lagoon and the spawning habitat. The questions we asked included:

1. Are you aware of the spawning site?

Are you aware that the redds dewater each spring?

Do you have any concerns about the spawning habitat?

Would you be supportive of any future potential efforts to restore the habitat?
What would you like to see happen?

6. Other observations, concerns, ideas, comments, etc.?

arMwDN

On Juy 8, 2021, FOKLSS staff joined Cornerstamglreat Lakeside Park for an eduimatal afternoon.

On October 8, 2021, a FOKLSS team member joined a clagSoaithdes Sentieslpinsfor a

presentation and discussion sessi@m March 22, 2022, an education day was held with two classes

from Forest PathOn March 25, 2022, students ihe Integrated Environmental Planning (IEP) program

at Selkirk College and two instructoretC2 Y[ { { adGlF FF G alO52ylFftRQa [ YRA
spawningl 21 ' YSS &l f Y2y X CNASYyRA tosde th¥ @edaietey leddfirsf- 1 { SQa LIN
hand.On April 5, 2022, an education day was held with tles&s fromNelson Christian Community

School All kK12 gudents got to learn about Kootenay Lakekanee fish habitat requirements and

more by participating in numerousngaging and edational activities and games.

Friends of Kootenay Lake staff created a short, simple educational video aboutsgiaovaeing kokanee
salmon to share online and during educational presentaifootage for the video was primarily
recorded during the 202ate-March dewatered redd surveys but feature photos and images taken
throughout the duration of the project.

Educational and informative content is routinely published online on the Friends of Kootenay Lake
website and on our two social media channelsnt€nt always includes a highlight or recap of all
projectrelated events and major activities. Content also includes educational resauckss articles,
news stories, reports or other publishing, fun facts and more. Additionally, all monitoring data is
uploaded to the opersourced Columbia Basin Water Hub, and all project results are published on our
website. One additional item of note is that volunteers are invited to join staff during kokanee
monitoring, as an additional firdtand opportunity to seand learn about Kootenay Lake kokanee.
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Results & Outcomes

Kokanee Spawning monitoring

HTHM

gl a

O2YaARSNBR |

GshaSvhirig &okahdealdu 16 Avated levelS Hawldg FegnNkipaldavAnNte f2018. The most
fish counted within the restoration siten 2021was 146 on October 8, 2Q (146 fish in a 200farea equals 1 fish per 1.4rarea),with 47 fish,
or, 32% of fish spotted lingering above the LWM. On average, 27.5% of spawners were counted above the LWivloMEhNERORD fisheries

H J

LISNE2Y Il f O2dzyiSR mnTt NBRR& | spémidgbeHawosinclydingyp&irigald cicying webebBsen& by m n =
FOKLSS staff and volunteers on the gravel at its deepest locaf@iie. 1below summarizes FOK{ { Q& 121l ySS Y2y AG2NAyYy 3 R
Tablel: Sep 22 Oct 12 kokaneeshofledr 6 y Ay3 RIFGF G alO52y It RQa [FYRAYy3I NBadG2NI A2y &arGSo
Date Start Weather Lake Number | Maxfish Avg fish Max fish Avg fish Dead Max Avg notes
time (24 | and water level of rounds | count count count count fish redds | redds
hr clock) | conditions (m) total total above LWM | above count | count | count
LWM
22- 7:15 Cloudy, 530.99 | 6 14 4 4 1 0 40 29
Sep21 spotty sun,
mix of
broken and
unbroken
surface
29 8:18 Broken 530.96 | 6 110 88 15 9 1 48 42
Sep21 surface, 8
degrees
08 8:13 Calm and 530.96 | 6 146 103 47 40 4 80 56 Lots of fish, most on
Oct21 cold the low water line.
12- 7:30 Calm and 530.93 | 6 133 115 45 38 7 48 36 mapping conducted
Oct21 cold on this date Appear
to be making redds
near seepage metres

Gravel Maintenance
Gravel maintenance was successful in smoothing out clumps and pushing gravel deeper into the water column. The foresimrervgiev
lowered by about 4nches across the restoratioites. This reduced the amount of exposed gravel at low waidrich ultimatelyreduced the

elevation at which redds dewater along the LWNe gravel appearance remained flat and smooth by the fall of 2021 when spawners returned
to the site. Evidence of redmaking was apparent, showing the gravel was suitable for building redds. In spring of 2022, there were no gravel



clumps or pileup on the shoreline, showing that gravel maintenance in 2021 hathkingg results. Figusel6 through 1&elow show the
reaults of the maintenance performed.

Figurel8Y ! LINAf wnd® wnum F2NBaK2NBE 3INI gSt Y2NLK2t 238 | i aOhaolreditR@yda TilapaidghA y 3 NB a 2 NJ
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Figurel9: April 26, 2021. Gravel morphology at McDonald's Landing restoration site (after 2 previous days of shoveling). Ph&taytaetitapaugh.
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Figure20:! LINJ Hy = HAaHmM® DNJIJ @S andidg\tasikratibresiiedaftér 4 days OfSshbyeling) Febodo crdit: Kayla Tillapaugh.
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Eggcapsule installations
Table2 belowshows the data collected for the egg capsule installation on November 1, PB21lveight of 100 eggs was equal to 8.28g,

therefore the weight of 1 egg was estimated to be equal to about 0.0828g.

Table2: Nov 1, 2021. Egg capsule installations, field data.

Egg tube ID | Lake Level | Date Water Depth | Time of Egg Weight Number of eggs| Notes
(ft) (cm) insertion (9)

1 1742.7 2021-11-01 | 54 12:27:00 16.67 201

2 1742.7 2021-11-01 | 52 12:24:00 15.57 201

3 1742.7 2021-11-01 | 43 12:00:00 16.66 201

4 1742.7 2021-11-01 | 51 12:10:00 15.63 189

5 1742.7 2021-11-01 | 53 12:15:00 15.05 182

6 1742.7 2021-11-01 | 152 12:36:00 15.88 192

7 1742.7 2021-11-01 | 152 12:38:00 16.59 200 Tube had to be dudaped- wrong size lid
8 1742.7 2021-11-01 | 152 12:39:00 15.98 193

9 1742.7 2021-11-01 | 123 12:41:00 15.9 192

10 1742.7 2021-11-01 | 123 12:43:00 18.44 223

Egg capsule removals
Table3 below shows the data collected for the egg capsule removals on January 28, 2022. Please note that eggs were esitmtédtcthen

re-counted more accurately later in the office. K S y dzYo SNJ 2F¥ S33a

NB 02 NR S R low e ribtkH® final yignbess &

that were used to analyze the results. Overall, the exhumed eggs showed greater survival rates compered to the prevabtiseystady, and
the eggs that had died were further developed than the previous study year. Thenegg muctsmellier and mushiethe previous year,
whereas in the current study year they were more intaot less decayed.
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Table3: Jan 28, 2022. Egg capsule removals, field data.

Lake Water | Water Time of | Loager Invertebrate | Invertebrate Alevin Fr Fungus
ID vl (ft) Date | temp | Depth removal gg Substrate | s outside the | s inside the count cou);\t on Notes
(°C) (cm) tube (Y/N) tube (Y/N) eggs?
Darker eggs; look like they
1743. 28 ) made it furtheralong in
L 4 Jan22 49 42 01:03 1 Sand N Y 0 0 Y development. But still dead.
146 eggs
1743. 28 ) Pre alevin, darker eggs, but a
2 4 Jan22 4.9 37 01:01 3 Sand Y Y 0 0 N dead, 18%ggs
More decomposed than
1743 o8 capsule 2, eggs are falling
3 ' 4.9 325 12:57 2 Sand, silt Y Y 0 0 N apart, 131 eggs (rough
4 Jan22 .
estimate because lots of
mushy eggs)
1743. 28 .
4 4 Jan22 4.9 375 12:59 4 Sand Y Y 0 0 N All dead, 132 eggs
1743. 28 .
5 4 Jan22 4.9 32 12:56 5 Sand Y N 0 0 N All dead, 172 eggs
1743. 28 . 94 eggs (cross reference to
6 4 Jan22 49 152 12:54 6 Sand N N 0 0 N see if any eggs have hatched
1743. 28 ) All eggs in tact, less
! 4 Jan22 49 137 12:52 ! Sand N Y 0 0 Y decomposed than 8, 120 egg
1743. 28 . More decomposed than
8 4 Jan22 49 137 12:42 8 Sand Y Y 0 0 Y others, slim, 140 eggs
1743. 28 ) Fungus on outside of tube,
9 4 Jan22 4.9 122 12:47 9 Sand N Y 0 0 Y 146 eggs
1 1743. 28 49 122 12:48 10 sand N v 0 0 N Similar to #2 capsule, died
0 4 Jan22 more recently, all eggs dead

2021-22 ShoreSpawning Kokanee Habitat Restoration & Research Project (Year 2)
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Eggto-Fry survival assessment
Table4 below provides a breakdown of the number of eggs installed versus removed, and the percent mortality and percent esesobd for
egg capsulePercent escaped assumes missing eggs were surviving fry.

Table4: Eggto-¥ NBE & dzNBBA St F2NJ S OK S§33 OF LlAadzA S AyadlttSR G GKS ald52yltRQa [FyRAy3a NBad
# eggs INSERTION # eggs REMOVAL :
Tube ID (cougngt]e d by weight) (cougtge d by photos) Percentmortality Percent escaged
1 201 140 69.53 30.46
2 201 171 84.93 15.06
3 201 94 46.71 53.28
4 188 153 81.05 18.94
5 181 182 100.13 -0.13
6 191 115 59.96 40.03
7 200 130 64.88 35.11
8 193 151 78.24 21.76
9 192 165 85.92 14.07
10 222 217 97.43 2.56

The average survival rate of aligs installed was 23% (Table 5). Egg capsules installed in the control esgarfverage showed a survival
rate of 24% and egg capsules installed in the restored area@}#6n average showed a survival rate of 22% (Table 5). The standard desfiation
percent escaped was 17%.

Table5: Eggto-fry survival for egg capsules installed in the restored versus control habitat

Number Number REMOVED / Number ESCAPED| Percent DIED Percent ESCAPED
INSERTED DIED
Total number 1974 1518 456 76.89 23.11
1 to 5(control) 974 740 234 75.94 24.06
6 to 10(restored) | 1000 778 222 77.81 22.19
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Water Temperature
Table6 below shows the maximum, minimum, average and median temperature values recorded by temperature data loggers between
November 1, 2021, and January 28, 2022. See Appendix A for the temperature charts produced by each logger.

Table6: Water temperature summary for egg capsules installed at McDonald's Landing restoration site

Statistic | Temperature (degrees C] Note

MAX 10.418 Nov 3, 2:00 p.m. logger # 4
MIN 3.459 Dec 28, 7:00 a.m. LoggeR#
AVG 6.437925

MEDIAN| 6

AccumulatedThermal Units

The kokanee eggs were reported at 330.8 Accumulated Thermal Units (ATUs) on November 1, 2021 when they were insertexevditie an
water temperature of 6.4 degrees Celsius throughout the incubation period, the eggs were estimated at89d4pam extraction. Fry
emergence can be expected any time after 850 ATUs.

Groundwater Monitoring
The groundwater monitoring component of the project is being led independer2 of F { { Q& LINRP 2SO0 | uAdvaildbk StRB F 2 NB N
time. DataaR NB adz Ga oAttt 0SS F@BLAflI06tS dzll2y [/ YSNRY {LR2ySNDa (KSaAra O2
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Drone imaging
Figures 20 through 26 below show the RGB and thermal drone image outputs from Feb 15 and Mar 24.

Figure21: Feb 15, 2022. RGB drone imagery of McDonald Figure22: Feb 15, 2022Thermaldrone imagery of
Landing McDonald's Landing

Figure24: Mar 23 2022.Thermaldrone imagery of

Figure23: Mar 23, 2022. RGB drone imagenMafDonald's  \icDonald's Landing

Landing
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Figure25: Feb 15, 202 RGB Drone Imagery of Bonaventure
Lagoon.

Figure26: Febl5, 2022. Thermal imagery of Bonaventure
Lagoon.

Figure27: Mar 23, 2022. RGB Drone Imagery of Bonaventu

Lagoon. Figure28: Mar 23, 2022ThermalDrone Imagery of

Bonaventure Lagoon.

Thetemperature scale is not included in the thermal images at this time because they require
calibration and therefore show incorrect temperature values. Fig@rbelow shows the colour values
of the thermal images from low to high temperature.
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