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Abstract

Fish stranding isf global concern with increasing hydmgeroperationsising hydropeaking to
respond tdluctuatingenergy demandeterminingthe effecs hydropeaking hswon fish
communitesis challengingbecausdish stranding is dependent on riveapefeatures, such as
topography, bathymetrand substratdBy usinga combination of physical habitat assessments,
hydrodynamic modeling, and empirical data on fish strandwegestimatd the number of fish
stranding over a fivenonth period for three model yeansa large Prairie rive More

specifically, we modelled how many fighotentiallystranded duringears2019, 2020and 2021
across a 16 km study reagbwnstream from E.B. Camplb Hydroelectric Station on the
Saskatchewan Rive€anadaFish stranding densities calculated from data collected through
remote photography and transect monitoring in 2021 were applieddaitherea subject to
drying determined byhe River2Dhydradynamic modelThe cumulative area subject to change
was90.05 knd, 53.02 knd, and 80.74 krfor years2019, 2020, and 2021, respectivétpm

June through to Octoherhehighestnumber ofstranded fishwasestimatedor year2021,

where estimates ranged fr@f,800to 1,638,000ndividualsbased on remote photography and



transect monitoring fish stranding densitiesspectively 157 to 2,856 fish stranded per hectare
Our approaclof estimating fish stranding on a large scale aldor a greater understanding of
the impact hydropeaking has on fish commuesiind can be applied to other riverscapes
threaened by hydropeaking.

1 | Introduction

The number of hydroelectric stations is increasing worldwide to meet the energy
demand®f a growing global populatiofzarfl et al., 2015)Hydroelectric stations are part of
renewable energy portfolios, but they subject river ecosystems to anthropogenic stressors such as
flow regimealterations. Particularly, storage hydropeaking stations that use large reservoirs to
hold water potential toonvert to energy when need@thcaJiménez et al., 202@gnn greatly
alter a river 6s dhewalyshydropeaking dydlepnavidesengximuam power
generation when power is requiresld, during daytime hours) followed by minimal power
gereration when energy is not neededy( at nighttime). Consequently, the wetted area of the
downstream portion of the river may fluctuate substantially on a daily ddentin et al.,

1996) with hydropeakingmpactsbeing seen at high intsitiesin the first few kilometers
downstreanirom the hydroelectricstationbut the effectg€an beobservedip to 40 km or further
downstreanf{Hayes et al., 2022PDne potential consequence of the daily, rapid change in wetted
area is fish strandin@.arrieu etal., 2021)

Fish stranding occurs when the wetted area of the river declines in response to
hydroelectricstationdownramping causing fish to be beached or trapped from the main
thalweg.Canada lacks regulations specific to hydropeaking operatiobd@anadian
Fisheries Ac{Canadian Ministry of Justice, 2013ovides prohibitions against causing the
death of fish, by means other than fishing (Section 34.4) and against causing the harmful
alteration disruption,or destruction of fish habitat €Stion 35). Similarly, in the United States of
America, there are no specific hydropeaking regulations bulten Water AcfFederal Water
Pollution Control Act, 2002theEndangered Species A&SA, 1973) and thd~ederal Power
Act (FPA,1920)are applied to mitigate the effects of hydropeaking. While legislature in North
America provides a basis to establish mitigation measures to prevent adverse environmental
effects due to hydropeakingfew European countries have legal regulatimnsydropeaking

flow limits (Moreira et al., 2019)Establishing mitigation measures for hydropeaking is



challenging as there are no standardized methods for determining the extent of fish stranding
across multiple kilometers of a riverscapefined asll spatially and temporally heterogenous
and/or homogenouwseas connected by the riversh strandingassessments atgpically
conducted viabservationasurveys and/or microcosand mesocosraxperiments used to
determine if fish stranding is a como@t a given river reac{Nagrodski et al., 2012; Auer et al.,
2017; Fuhrer et al., 2022pentifying potential stranding locations is achievable through
application ofnydrodynamic modellingf the river reachHowever, small scale fish stranding
datacan be challenging to upscale to the level of the rivers&prestudies modétd the
variation in wetted area and dewatering ramping rag@tme fish stranding are¢auterleute et
al., 2016; Juarez et al., 2019; Larrieu & Pasternack, 28 pstimateisk of stranded fish with
little or no fish stranding data collected from #pecificstudy sitg(Tuhtan et al., 2012; Hauer et
al., 2014, Casablulet et al., 2016; Sauterleute et al., 2016; Burman et al., 2021)

The outputs of hydrodymaic models include the wetted area of a river at different
discharges, which casubsequentipe used to estimate stranding risk (Valentin et al. 1896)
identifying thedewatered areas with fish stranding poterfiahtan et al., 2012; Mandlburger et
al., 2015; Vanzo et al., 2016; Juarez et al., 2019; Larrieu & Pasternack, Bg2thpdeling the
wetted area during the high and lovgchargepeakand over the course tiefish growing
seasonthe change in wetted area available to fishing hydropeakg evens can be calculated
and matched ttheir life histories For exampleresults from arearlierstudy showed higher
stranding ratewith increasingvater temperatures (Glowa et, @022, suggesting a mid
summer peak in stranding potential thatldaroincide with highly variable dischargasd the
presence of youngf-the-year life stagesCombining this information witim situfish stranding
surveys, fish stranding can be quantified on a reach scale as wpHiced to the riverscape

Upscalirg stranding estimates is challenging becahsartagnitude of fish stranding is
dependent ogeamorphological characteristics of the river, such as sldpennekhapeand
substrate type (Glowa et @2022; Juarez et al., 2019 onsequently, fish stranding will vary
within the riverscap€Young et al., 2011)Obtaining a detailed topographic map is necessary for
accurate hydrodynamic modwy; however, surveying a river can be challenging and expensive.
One option is light dection and ranging (LIDAR) surveying, which generates an elevation
model of both topography and bathymgiandlburger et al., 201%ut this technique is costly

(AristizabalBotero et al., 2021 Alternatively, photogrammetry from a remotely pilotaccraft



system can be used to develop a-eff&ctive detailed digital elevation model (DEM), where
photographs are connected using software that associates common distinguishable features in
each respective photograph to develop a fluent picturetaflg seachPhotogrammetry is
capable of precision on a escale(Colomina & Molina, 2014allowing for a detailed map of a
riverscape. Due to the water level changes associated with hydropeaking, a DEM developed at
low water can capture elevations thall become inundated, representing the habitat available to
fish communities when the water levels higher Considering the limited capabilities of
photogrammetry in watered locations, additional surveying of the river bathymetry is needed.
Thecombindion of photogrammetry and bathymeajowsfor topography under both high and
low dischargeconditions(Burman et al., 202Xesulting in a complete site elevation map.
Additionally, a substrate map can @evelopedo furtheridentify where fish stranding is more
likely to occur Our earlier workfoundthatin the Saskatechwan Riveownstream of th&.B.
Campbell hydroelectric statipagreater fish stranding potentialcared over finer substrates
(Glowa et al. 2022, which is incontrast tather studiesn smaller, alpine systems were fish
were more likley strand in coarser substfatauer et al., 2014)

By combining the information gained from physical habitat assessments, hydrodynamic
modeling, and empirical data on figianding from timdapse cameraand transect monitoring
we estimatd the fish stranding potentiatrossa 16 km reaclklownstream from E.B. Campbell
Hydroelectric Station on the Saskatchewan Rioeated in Saskatchewan, Canada. Specifically,
our objecives were to (1) developtevo-dimensionahydrodynamic model based on a
combination of photogrammetry and bathymetry survey data to estimate the changes in wetted
areaof the study reachand (2) estimate overall fish stranding duranfive-month periodn
three years (2019, 2020, and 20&%spectivelythat represerdveragelow, and high discharge
scenarios in the Saskatchewan River.

2 |Methods
2.1 |Study Site

The E.B. Campbell Hydroelectric Station has operated on a hydropeaking regime to
offset daily peak energy demands since 1@8atkinson et al., 2020%ubjecting the
downstream wetted habitat to unnatural changes in water level. The station is lo&atstl in



Central Saskatchewan on the Saskatchewan River. The SaskatchewdraRa&enean annual
regulatedlow of ~420 n¥ s (ECCC 2022gandflows into the Saskatchewan River Delta, which
spans an area of 10,000 kand is the largest inland delta in NoAmerica(MacKinnon et al.,
2015) The station has capacity to generate up to 1008. Once 1000n® s'is exceeded
hydropeaking is difficult or impossible for the operator to maintain and outflow matches
incomingflow to the reservoiwith additionalflows bypassed through a spillway chanfigie
hydropeaking regimeanresult in daily discharge fluctuations from ~100 to 1,060 ¥

resulting in daily water level changes ~1.5 m depending on proximity to steisteries and
Oceans Canadadés Fish and Fish Habitat Protect
discharge requirement of 75°rsi* in 2004(Enders et al., 201 reduce fish stranding, and the
mean minimundaily discharge is 150 frsl. The stationis operated using singlepeak

discharge every 24 h, typically occurring frerti2.00 t022:00, while minimum discharge
occursin the nightfrom ~0:00 to2:00.

The study site is located downstream of the E.B. Campbell Hydroelectric Station
conssting of ~16 kmof theriver channel with an average width of 480 Rigure 1) Fish
stranding was previously quantified at three study reaches (Glowa2829. Reach 1 is ~1 km
long and located in the tail end of the spillway chaiiNe53.69022 W103.34913}hatreceives
backwater from the main channel during high floReach 2 is ~1 km long and located on the
south shore and a mithannel island ~9 km downstream of the hydroelectric station (N
53.71792 W 103.23237). Reach 3 is ~1.2 km long acatdénl ~13 km downstream of the
hydroelectric station (N 53.72514 W 103.17578). Additional fish stranding surveys were
conductechtalocal boat launch (N 53.692633 W 103.326204; Figure-1)3 km downstream
of Reach 1
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Figure 1 Map of study locations in the Saskatchewan River, Saskatchewan, Canada. E.B.
Campbell Generating Station (N 53.411871 W 103.204802) locatesbatning of ~16 km

study reach. Reach 1 is in the spillway, thegxesting river channel and is back watered daily
by the hydropeaking regime, allowing for fish stranding to occur. Reach 2 ~9 km downstream
the hydroelectric station. Reach 3 ~13 km dstneam the hydroelectric station. Red lines
characterize the upper and lower boundary of the 16 km study reach.

2.2 |Photogrammetry

A remotely piloted aircraft systemas deployed tassesshetopography by means of
photogrammetry to produce a DEWhi et al., 2020)Imagery was conducted using a DJI
Phantom 4 RTKreaktime kinematic)remotely piloted aircraft systemith a DJFRTK 2 Mobile
Station (Shenzhen, China). Tremotely piloted aircraft systemas programmed to fly
predetermined flight plans that covered the ~16 km study site in three sections. Surveys were
conducted by collecting multiple overlapping photographs with a sii&and 80% frontal
overlap(Javernick et al., 2014; Leon et al., 201H)ghts were conducted in September 2020
when the discharges were <508 &1, averaging 375n° s. A total of 13 ground control points
(GCP) were placed throughout the mappiracheand used as reference points to aid the RTK



processing capabilities. All GCPs were surveyed witkiaa Viva Global Navigation Satellite
Systemtotal stationto determine a benchmark of location and elevation later referenced in the
photogrammetry processing.

Aerial photography was processed using struefita®-motion (SfM) software (Agisoft
Metashape Professional, St. Petersburg, Russia). Overlapping iofidlgesite were used to
develop a photogrammetry map; moreover, common points within images were defined to create
a dense point clou@Colomina & Molina, 2014)GCPs and the RTK locations of all photographs
taken by the drone were applied to positio& tlense point cloud within a global coordinate
system. A dense point cloud is all the common coordinates found within the overlapping images
created by SfM softwar@inkham & Swayze, 2021)he dense point cloud was then used to
create a detailed DEKL0.2 cmperpixel) and further processed to construct an orthomosaic

image of the study reach.

2.3 |Hydroacoustic Surveys

Photogrammetry is limited in determiningerbedelevation below water; therefore,
bathymetry surveys were required to obtain aaeuwater depth/bathymetry measurements to
determine riverbed elevation for the wetted area. In August 2020, a MX Aquatic Habitat
Echosounder (BioSonics, Seattle, WA, USA) was deployed to measurevategdepthwhen
discharges exceeded 606 g1, aveaging751m? s!. The BioSonics MX Echosounder uses a
single frequency (204.8 kHz, 8.4°) conical beam with a ping rate of five pings per second (pps),
pulse |l ength of 0.4 ms, and rising edge thres
depth. Datavas collected every ten pings (approximately every 7 m). The transducer was
secured to a 5.5 m vessel at the midpoint via a solid cross beam base with an adjustable pole
mount. The pole and transducer were lowered i@2%m below the water surface assulveyed
at9i 11 km-h'. Hydroacoustic data was collected along contours parallel to the riverbanks.
Distances between the tracks ranged from <10 m to >135 m(apar islands are presenit)
total, ~200 knof trackwas surveyed.

Using BioSonics Visual Habitat software, the hydroacoustic data was standardized to
account for the depth at which the echosounde

assigned based on hydroacoustic amplitude (dB) readings using a principaheats@malysis



in the BioSonics Visual Habitat software. The software deffoadsubstrate types based on
hardness. In total, 33,425 data points were exported.

To groundtruth the substrate types, physical surveys were conducted to associate the
hydroacaistic amplitude to a substrate particle size uaingodifiedWentworth scale
(Wentworth, 1922)The substratdatafile was imported into ArcGIS Prgredlands, CA, USA)
to define substrate locations. A total of ten coordinates seteetedor each sustrate type to
be sampled on site. Coordinate locations were surveyed visually if riverbed was expdsed or
submergedan Aquavu camera (Crosslake, MN, USasused For consistency, a single
observer categorized all substrate locations.

To measurevater depth and velocity within a reach Teledyne RD Instruments (TRDI)
RiverRay acoustic doppler current profiler (ADCP) (TRDI, Poway, CA, USA) was used in
August 2020. The TRDI RiverRay is a 600 kHz ADCP with a phased array transducer, 30
degree beam ateg, and an autadaptive configuration algorithm. A GPS sensor is embedded
with 3 m horizontal and 5 m vertical accuracy. The TRDI RiverRay ADCP was deploged in
trimaran, tethered tthe end of a pole projecting off the bowao6é m research vessé&his
allowedthe ADCP transducer to be positioned free and clear of the bodhh&idian create
velocity and water surface distortions, and to minimize rotation relative to the boat.
Measurements were completed in accordance with the field and office procedures outlined in the
Environment and Climate Change Candtiasuring Discharge with Acoustic ppler Current
Profilers from a Moving BoatEnvironment Canada, 2013)elocity measurements were
conducted approximately 30800 m apart. In total, 32 velocity measurements consisting of
reciprocal transects with a total exposure time of 720 s or gweate recorded. Transects were
collected using a uniform boat speed across the-sexgon and consistent boat speeds among
t he t r ans e ctime dischargellatacelleatian arbgram WinRiver Il software was used
to operate the ADCP and check aredify commands. WinRiver Il was also used to complete
quality assurance and quality control steps andpastess discharge measurements according
to WinRiver 11 S(oefedymedRD tnstruhserts, Z0$6) Gui d e

2.4 |River2D Model

River2D (www.river2d.ca is a twedimensionahydrodynamic and habitatodel

capable of estimating flonand fish habitaacross a study rea¢@hanem, 1995)The model


http://www.river2d.ca/

determines the physical habitat (deptidwater velocity)throughout the site area at any given
flow. The model uses the bed topograping roughnest® simulate the water surface elevation
as flows change. Bathymetric data collected throughout the study area was completed without a
reference to the water surtaelevation (WSE) at the time of the survElgerefore, while depth
data was known, bed elevation and the WSE at the time of the survey were not. The riverbed
topography was determined using hydroacoustic sampling data collected in 2020 via the MX
AquaticHabitat Echosounder and TRDI RiverRay ADCP, WSE data from Water Survey of
Canada (WSC) hydrometric station (05KD003) located 3.75 km downstream the hydroelectric
station, and additional data from hydroacoustic sampling completed in\2@@Kinson et al.,
2020) Calculations used to define the riverbed elevation are provided in the supplementary
material.

To determine the wetted area and its daily chasgeciated witl singledaily
hydropeakor the study site, the model was run at various discharges toalbpetential
hydroelectric station outputé steadystate solution was sought for each discharge, the
simulation iterations were still moderated by time increments and a final timesed$o end
the simulation and reach the steadgte solution. The objective was to reach the stetatg
solution with as few calculations as possible while remaining stable under any discharge
circumstancedischargewas incremented for best represiun of all possible flows.
Discharges ranging from 7260 n? swere modelled in 5 s increments, those from 270
1,100 ni s were modelled in 10 frs? increments, and those from 1120200 ni s were
modeled in 50 rhs! increments. We did not lcailate wetted area above 2,208 st because
daily discharges above this value represent full inundation of the study reach (MacKinnon et al.
2016) and this value was exceeded in only 68 of th@Z0daily observations in the gauge
record(05KD003 Saskimhewan Rivebelow Tobin LakgEnvironment Canada, 2015)he
obtained wetted area for each discharge was insgchatrix ofdaily changsin wetted area,
calculated from the maximum wetted area minus the minimum wetted areadischfirge
scenarios. Matrix values represent the change in wettedndrieh, isthe aregroneto fish
stranding.Thesearea of fish stranding potentiarecharacterisedby the drying of available
habitatdue tohydropeaking events, when the maximum discharge receded to the minimum
discharge and fistveresubjecedto stranding on shores or in isolated pools thasrbec

disconnected from the main thalweg.



TheRiver2D nodel interpreted the roughndssightof the riverscape developing a
roughness map of the ~kén study reach (Figure 2lRoughneskeightwas defined using the
bathymetry groundruthinghydroacoustic amplitudend the orthomosaic imagasually
defining substrate types where hydroacoustic amplitude was not dSinestrate particle size
was assessed using a modified Wentworth sealed 0.062 mm, pebble 264 mm,cobble64i
256 mm and boulder 256000mm (Wentworth 1922). The substraiges were then given a
roughness valudetermined as the averagarticlesize (hard packed substrate viased on the
lower value of the cobble scaklhis is due tdhe bathymetry substrate typing not always clearly
defining substrat@s cobble but a mixture of substrates of lesser pasiide fine sandd.00L3
m, pebbled.033 m, hard packed substr&®64 m, boulde0.628 m, vegetatiof.628 m and
forested are@.9 m(Chow, 1959)

For the hydrodynamisimulations using the River2D model, the finite element grid
intensities were designed primarily to meet the requirements for reasonable accuracy and
execution time. We applied 5, 15 and 25 meter grids. The computatigeakrated meshes
were created ian unstructured fashion and the primary criterion for refinement was topographic
matching. Typically, the river reach was first defined by overlaying the entire surveyed area with
a uniform spacing of nodes. Additional nodes were later placed aroundcspleaiinel features
or locations within the modelled area considered important to the hydraulics and habitat of the
reach(es) of the study. Care was taken to avoid dramatic changes in discretization while
changing from one density to another.

1C
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Figure 2 Roughness map of the ~16 km stuéchedownstream of the E.B. Campbell
Hydroelectric Station, Saskatchewan River, Saskatchewan, Canada. Substrate roughness
values: fine sand 0.0013 m, pebble 0.033 m, hard packed substrate 0.064 m, boulder 0.628 m,
vegetation 0.628 m, and treed 0.9@mow, 1959) reflected in the bed roughness legend.
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Figure 3 Hydrograph during three selected years at the E.B. Campbell Hydroelectric Station,
measured at the Canada Water Survey gauge 05KDO003. (A) Hydrography for 2019, representing
an average fw year. (B) Hydrograph for 2020, representing a high flow year. (C) Hydrograph

of 2021 representing a low flow year. Time series frequency is 5 min.

Tablel Summary of the number of times discharges of E.B. Campbell Hydraeiettion
were below 100, 150, 200, and 258shand discharges greater than 1,000 1t during June
to October in 2019, 2020, and 2021.

Year <75md 5 <100m® 5 <150m% 5 <200m® 5 <250m° 5 >1,000m3 %
2019 (avg. flow) 0 0 94 101 114 47
2020 (high flow) 0 0 56 58 72 75
2021 (low flow) 3 15 133 137 150 4
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2.5 |Yearly Fish Stranding Model

Fish stranding was modeled for three years representiagesiagelow, and high flow
year.2019 represented an average flow year (median discharge =247 Rigure 3), with two
seasongbeaks resulting from snow/ice melt in the local Prairie region in May followed by
snow/ice melt from the Rocky Mountains, Alberta reaching the station in July (Enders et al.,
2017), and discharge exceeded 1,08Gt47 times (Table 1)2021 exemplifiel a low flow
year (median discharge 309 s'; Figure3), only reaching 1,000 #rs™ for approximately éur
days in the summer and the spillwagsnot operated, while on multiple occasions discharge
dropped <100 fs?(15times, Table 1). 202@ascharacerized asa highflow year (median
discharge 560 As?; Figure 2), where the spillway outlet was opened in response to high
discharges exceeding 1,008 &t for approximately three montifg5 times, Table 1)During
spillway operationhydropeaking is greatly reduc€Biable 1 Figure 3.

Thedaily maximum and minimum dischageere determineébr thestudyperiod (June
17 October 31) of the three example yearshsquentlythe change in wetted areas
identified by applying the chnge in wetted area matrix created using the River2D madtel
daily maximum and minimum discharges were rounded to the nearédst 5on discharges
<260 nt st and 10 M s'for discharges260 nt st. Theresultingchange in wetted area
represergdthe total area of fish stranding potentlaking theopen water season

2.6 |Fish Stranding

Two methodologies wengerfamedduring 2021 tayuantify fish strandingccurring at
E.B. Campbell hydroelectric statiofhe data collected wapplied to he total area of fish
stranding potential to estimate the number of stranded fish during the open wateriKshson
stranding was monitored using remote photography conducted in 202 ldreo October
(Glowa et al, 20239. A total of 45 downward facingameras were placed randomly throughout
three reaches, 15 cameras per re@bkse ime lapse trail camesdBoly trail camera, model
2G2060D, Victoriaville, QC, Canada) were set to take images onmid0te interval
continuously fothe study periodo captue fish strandingassociateavith the hydropeaking
regime.All images were inspected for stranded fifhe cameras captured an area ranging from
6.50 7.26 nt of the riverbed in each imagaveragearea 016.91m?. A total of 3212inundation

and drying eventaere captured by the camerasllectively surveyin@3,800m?, andobsered
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a total of 59 fishin addition, transect monitoring was conducted once a monthJoom to
October2021(Glowa et al. 2022. A total of 299transets werewalkedover thefive months

rangingin length from 44420 m Transectsvalkswere conducteth the early morning when

water levels were lowesb observe fish stranding ~1n% on either side of the surveying line

The transect survey area was calculated by multiplying the total length of a given transect by 3 m
(i.e., 1.5 m either side of the transegt)}otal of 8198.5m of transect walks were completed

covering a complete survey area of 116,98%umotal of 2,325 smallbodied fish were found

(Table2).

Daily fish stranding densés (fish-m?) werecalculated from remote photograpéuyd
transect monitoringbservations. Transect monitoring observatiwasespecific to the daghe
surveywas conductedaily fish stranding densitwas calculated by dividinthe daily number
of stranded fish by the area surveyedeach survey method.

Fish stranding densities obtained frommote photography and transect monitosieye
multiplied by thefish stranding area determined by River2D to estimate the number of stranded
fish for eachof the three flowyeass. A generalized linear model (GLMfit with the gim
function in Rversion2.10.0 (R Development Core Team, 2Q0MBsused to deermine wheher
this estimate could be done for the entire study area or whether it needed to be adjusted by time
of yearor reach TheGLM usedthe calculated fish stranding densitieshasresponse variable
and predictor variableseresurveyingmonthand thereachthe stranded fish was observédie
to a high volume of zero values and to reduce heteroscedasticity in the model, a value of one was
added to all datapoints before log transformation of fish stranding derBaied on the
outcome of this analysis (see Resultsinonthly estimate was made based on monthly fish
stranding densities (remote photography: 0.0002, 0.0056, 0.0014, 0.0025, %0067 and
transect monitoring: 0.00004, 0.0919, 0.0004, 0.0005, 0.f€®272for Jure, July, August,

September, and October respectively).
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Table2 Summary of the stranded fish spedasng transect monitoring. Percentage of each
species from the total number of stranded fish.

Percentage of

Number Estimated number

Scientific Name Common Name stranded strangzgj total stranded in 2021
Notropis heterodon Blacknose Shiner 2 0.09 1,300° 400
Lota lota Burbot 2 0.09 1,300° 400
Coregonus artedi Cisco 18 0.77 12,700° 3,600
Notropis atherinoides Emerald Shiner 13 0.56 9,200° 2,600
Pimephales promelas Fathead Minnow 9 0.39 6,300° 1,800
Etheostoma nigrum Johnny Darter 3 0.13 2,100° 600
Percina caprodes Logperch 11 0.47 7,700° 2,200
Esox lucius Northern Pike 1 0.04 700° 200
Sander canadensis Sauger 1 0.04 700° 200
Notropis hudsonius Spottail Shiner 295 12.69 207,800° 59,400
Percopsis omiscomaycus Troutperch 1 0.04 700° 200

Unidentifiable 54 2.32 38,000° 10,900
Sander vitreus Walleye 43 1.85 30,300° 8,700
Catostomus commersoni White Sucker 1,627 69.98 1,146,200 327,700
Perca flavescens Yellow Perch 245 10.54 100,000° 49,300
Total: 2,325 1,565,400 21,700

3 |Results

3.1 |Changes in Wetted Area

The highest discharge modelled of 2,200ghresulted in 5.7 kiwetted are@ver the
16 km long river reach in the Saskatchewan Ri@vnstreanof the E.B Campbell
Hydroelectric StatiorfFigure 43, whereashe lowesimodelleddischarge of 70 fs? resulted in
4.2 knt wettedarea(Figure 40). This corresponded maximumdepth change of 3.9 m,
resulting fromamaximum depttof 8.93m duringa discharge 02,200 ¥ stand a maknum
depth of 5.03n at 70 n? s (Figure 4).

The highest mean daily change in wetted afe@6 knt was observed in 201@able 3,
Figure 5).In comparison, the lowest mean daily change in wettedodi@® knt was observed
in 2020 Table3, Figure 5.

Based on calculations performedRiver2D, fine sandcoveredd.11 kn?, pebblecovered
0.86 knt, hardpacked sedimeobvered?.42 knt, bouldercovered2.62 knt, vegetatiorcovered
2.57 knt, and forestoveredd.13 kn? of the study reachgure §. 40% of the study reachas
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covered by small particle substrate (fine sand, pebhld hard packed sedimeat)d30%was
composed of large particlezed substrate (boulder). The remaining area was defined as either
vegetation or forested area (30%naller particle size were generallyn greatemproportions
furtherdownstreanirom the stationwhile large particle sizesere more greatlgongregated by
the hydroelectric statiofFFigure 6) Fish strandingccurredn greater numbers further
downstreanirom the stationfor example279, 322and1,767 stranded fistvere observed in
remote photography and transect monitogogbinedat Reat 1, Reach 2and Reach 3
respectively.

3.2 |Fish Strandingestimates

There were significaneffects of month and readn fish stranding densityith the
month of Julydifferent from all other monthandreaches 2 and @fferent from reach {Figure
7; Tabled). The R value of the model was 0.05, suggesting that month and reach only egplain
5% of the variability of the dat&lowever, since the July mean was far larger than the other
months (more than double in remgteotography, more than two orders of magnitude in
transects)thenumber of stranded fish for eaftbw year wasestimatednonthly. Remote
photography fish stranding estimates resulted in 19829800, and 170,00 stranded fish for
2019, 2020, and 202fespectively (Tabl®). Transect monitoring fish stranding densities
resulted in higher fish stranding numbers with 1,08@,394800 and 1,68,000stranded fish
for 2019, 2020, and 2021, respectively (Th)le
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Figure 4 Modelled wetted area (Khdownstream of the E.B. Campbell Hydroelectric Station,
Saskatchewan River, Saskatchewan, Canada under two discharge scenarios: (A) wetted area of
maximum modked discharge of 2,200 hs?, (B) wetted area of minimum modelled discharge of
70nfstWetted area maps were created in River2D
outline), water depth (contoured colours), and model boundaries (red line) at low and high
discharges of E. B. Campbell Hydroelectric Station.

Table3 Summary of change in wetted history for the 16 km river reach downstream E.B.
Campbell Hydroelectric Station during June to October in 2019, 2020, and 2021. Mean values
presented with respective standard deviation.

v Mean Daily Change ~Mean Daily Discharge (nf § Daily Change in Discharge(m® -§
ear

in Wetted Area (km?) Maximum Minimum Mean Maximum Minimum
2019 (avg. flow) 0.59° 0.16 854° 196 224° 154 626° 148 1,034 305
2020 (high flow) 0.35° 0.27 1,018° 469 660° 610 351° 227 868 38
2021 (low flow) 0.53° 0.15 530° 182 135° 41 394° 175 942 143
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Table 4 GLM results for combined remote photography and transect monitoring data with fish

stranding density (fish-f) as the response variable and the predictor variables month and
reach. The fish stranding density was log transformed after a valueofas added to all data

points. August

Predictor Variables
Intercept

June

July

September
October

Reach 2

Reach 3

and

Estimate

0.857
-0.082
1.581
0.350
-0.147
0.716
0.527

Reach

1

ar e

Standard Error

0.221
0.272
0.241
0.257
0.353
0.214
0.209

taken a

T-value

3.879
-0.300
6.566
1.359
-0.416
3.347
2.528

S

P value

<0.001

0.764

<0.001

0.174
0.669

<0.001

0.011
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Table 5 Summary of the monthly feghanding estimates, representing the area of stranding
potential for each month for 2019, 2020, and 2021. Fish stranding densities used for calculating
the monthly estimates of fish stranding and respective fish stranding estimate for remote
photography ad transect monitoring methodologies. Sum of stranded fish with respective
standard deviation.

Month

June
July

2019

August
September
October
Total Stranded Fish
June
July
August

2020

September
October
Total Stranded Fish
June
July

2021

August
September
October
Total Stranded Fish

Cumulative Area
of Stranding
Potential (m?)

20,500
11,540
19,580
19,200
19,230

1,810
1,920
13,470
19,820
15,500

19,460
17,640
16,760
13,770
12,920

Remote Photography

Transect Monitoring

Fish Stranding
Density
(fish/m?)

0.0002
0.0056
0.0014
0.0025
0.0007

0.0002
0.0056
0.0014
0.0025
0.0007

0.0002
0.0056
0.0014
0.0025
0.0007

Sum of Stranded
Fish

5,000° 5,000
65,200° 13,900
27,400° 14,000

47,900° 14,700
12,700° 12,700

158,200° 60,200

400° 400
10,900° 2,300
18,800° 9,600
49,400° 15,200
10,300° 10,200

89,800° 37,800
4,800° 4,700
99,700° 21,300
234,300° 12,000
34,300° 10,500
8,600° 8,500
170,700° 57,000

Fish Stranding
Density
(fish/m?)
0.00004
0.0919
0.0004
0.0005

0.0002

0.00004
0.0919
0.0004
0.0005
0.0002

0.00004
0.0919
0.0004
0.0005
0.0002

Sum of Stranded
Fish

900° 500
1,060,800° 302,600
7,200° 1,900
8,900° 2,900
4,800° 2,400
1,082,50¢° 310,300
80° 50
176,800° 50,400
4,900° 1,300
9,200° 3,000
3,800° 2,00

194,800° 56,800
800° 500
1,621,400° 462,400
6,100° 1,700
6,400° 2,100
3,200° 1,600
1,638,000° 468,300
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Figure 5 Recorded daily maximum and minimum dischargésndownstream of E.B.
Campbell Hydroelectric station, Saskatchewan River, Saskatchewan, Canada witnessed in the
study period, Juné October for (A) 2019, (B) 2020, (C) 2021.
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Substrate Number of Fish A

I Vegetation 1- 12 (76)
Forest 13- 38 (5)
Boulder

39 - 105 (3)
Hard packed sediment
Pebble 106 - 204 (3)

I Fine Sand
205 - 1344 (1) 0 03 05 1 km
* Cameras T TR TR N SO N B |

Transects

Reach 3

Reach 2

Boat Launch
Reach 1

M 0O 03 05 1 km
T T R N S S |

0 1 2 4 Kilometers
T T N T N TN N B |

Figure 6 Overview of the substrate for the ~16 km study reach on the Saskatchewan River,
Saskatchewan, Canada. Insets show closer visuals of eachtlofdbeeaches: Reach 1, Reach

2, and Reach 3. Map contours define the small substrate types of sand, pebble, hard pack
substrate, and larger substrate (boulder) as well as forest and vegetation areas. Bubbles indicate
the number of fish observed at eachate along transects during May to October 2021, each

circle representing an observation of a stranded fish. A total of 2,493 stranded fish were
recorded. Black dots symbolize the camera locations, black lines signify the transect monitoring
locations.
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