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EXECUTIVE SUMMARY

This final report for thécological Productivity Monitoring progra@l(BMOMNL5b) culminates 13

years of research on the ecological productivity on the Middle Columbia River (MCR), between
the outflow of the Revelstoke Dam (REV) and the lllecillewaet River near Revelstoke, British
Columbia Aguatic habitats in the MCR are heavily influenced by variddlereleases from REV

and to a lesser extent, backwatering from Arrow Lakes Reservoir (ALR) and by tributary inflows.
In December 2010, BC Hydro and Power Authority (BC Hadidel a fifth generating unit (REV5)

that was expected to increase the peaisaharge from 1,699 to 2,124%n. Under advisement

from the Water $e Plan Consultative Committeeyearround 142 ni/s minimum flow release

was establishedo mitigate the effects of extreme flowand to enhance the productivity and
diversity of benthiccommunities(BC Hydro 2007)hroughout this report, the term minimum

flow refers to the flow regime established after the addition of REVS5.

The three mai objectives of CLBMOMb were: (1) to design and implement a lofgrm
program for tracking the qoductivity and diversity of key benthic community taxa (periphyton
and invertebrates) within the MCR2)assess the response of the MCR benthic community taxa
to a minimum flow releaseand, (3)to investigate and quantify the relationship between habita
attributes and benthic composition, abundance, and biomass within the section of the MCR most
likely to be influenced by minimum flow and REV5 operations.

MCR benthic productivity was investigated using artificial Styrofoam samplers for periphyton and
rock baskets for benthic invertebrates. Samplers wagest typicallyplaced along transects at six
mainstem sites in Reaches 3 andutingspring andor fall for 6week sampling seasons to allow

for the growth and establishment of periphyton and benthiosértebrates. Physical river
parameters including temperature, light, and velocity were also measured.

MCR periphyton productivity was indicative of a stressed or oligotrophic system. Like many large
river systemsdiatoms accounted for over 90% of thebolume in both seasons and reaches of

the MCRThe dominant MCR diatom species belonged to thepoefile guild(rapid colonizing
diatoms with firm attachment strategi¢®r to the large planktonic guild taxa imported from
Revelstoke ReservoilThe MCR nivertebrate community composition was dominated by
chironomids that can withstand cooler water temperatures and a range of velocities associated
with a hydropeaking damMCR invertebrate abundanagas comparable to other hydropeaking
dams.

A reachwide productivity (RWP)nodel useddaily chlorophyHa productivity and invertebrate
biomasgo comparedifferences in benthic productive aré@tweenpre and post minimum flos

The implementation of minimum flow resultedlarger productive habitat areas inimter, spring

and fall for both periphyton and invertebraten summer, minimum flow caused an increased
habitat area for invertebratebut not for periphyton. This is because invertebrates have a lower
tolerance for substrate dewatering because of fastéeath rates inhot drying conditions
compared to periphyton Annual variations in ALR backwateringasva more important
determinant of productive habitat area for periphyton in July, comparednioimum flow.

A variety of statistical tests were useddetermine if the establishment of minimum flow resulted

in changes imnvertebrate productivity and diversityr changes in total periphytoaccrual The
periphyton community was more dependent upon the overall operating regime (daily, monthly,
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and annuapatterns of flow release, ALR backwatering) than the specific effects of minimum flow.
Minimum flow did not affect thenvertebrateabundance and biomaskowever it resulted in an
increased diversity dhivertebratetaxa including EP(Ephemeroptera,Plecoptera,Trichoptera)
especially in Reach 3 sites near the thalmimum flow increasedhe availability of fish food
organisms including Dipteramsd EPTbutthe increases were not substantial enough to cause
changes iradult fish condition.

Our findings concur with thescientificliterature, which clearly demonstrates thdiow related

factors includingsubstrate submergence timewater velocity, available light,and water

temperaturesplay interconnected roles in thgrowth and recovery ratesf hydro regulated lotic
benthic communitiesHowever, he scale of the differences made by minimum fioWMCR can

be overshadowed bgjLRbackwateringand extreme flow events
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DEFINITIONS
Term Definition
AccrualRate A function of cell settlement, actual growth and losses (grazing, slough

Autotrophic

Benthic
BenthicProduction
Catastrophiddow

Cyanobacteria
Diatoms
Death curve

Eutrophic
Freshet

Functional Feeding

Group

Heterotrophic
Hydropeaking

Hypolimnion

Irradiance
Macroinvertebrate

Mainstemdtes

Microflora
Morphology

Oligotrophic

Peak biomass

Periphyton
Phytoplankton
Ramping oHows

Reach 3 (R3)

Reach 4 (R4)
Riffle
Riparian

An organism capable of synthesizing its own food from inorganic
substances, using light or chemical energy

Organisms that dwell in or are associated with the sediments
Production originating from both periphyton and benthiwvéntebrates

Flow events that have population level consequences of >50% mortalit
Bacterialike algae having cyanochrome as the main photosynthetic
pigment

Algae that have hard, silidzased "shells" frustules

The rate of death for periphyton and benthic invertebrates during
exposure events (when substrates are dewatered)

Nutrient-rich, biologically productive water body

The flood of a river or stream from melted snow in the sgrin

(FFG) Benthic invertebrates can be classified by their foraging mechar
as functional feeding or foraging groups

An organism that cannot synthesize its own food and is dependent on
complex organic substances fautrition.

The discontinuous release of turbined water due to peaks of energy
demand

the lower layer of water in a stratified lake, typically cooler than the wai
above and relatively stagnant

The flux of radiant eergy per unit area
Aninvertebratethat is large enough to be seen withoutracroscope

Consistently sampledtss (S3, S4 and S6) in Reach 4 and (S3, S5, S6)
Reach 3

The sum of algae, bacteria, fungctinomycetesetc., in water or biofilms
The study of channel pattern and geometry at several points along a ri

The trophic status of a lake having low nutrient concentrations and low
plant growth, often having an abundancédissolved oxygen

The highest density, biovolume or ebhttained in a set time on a
substrate

Microflora that are attached to aquatic plants or solid substrates
Algae that float, drift or swim in water columo$reservoirs and lakes
A progressive change of discharge intstr@am or river channel

The section of river extending from the Jordan River to the lllecillewaet
River

The section of river extending below Risteke Dam to the Jordan River
A stretch of choppy water in a river caused by a shoal or sandbar
The interface between land and a stream or lake

viil Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report
Term Definition
Spate A sudden flood in a river, especially one caused by heavy rains or meli
snow.

Subrrergence ratio | The ratio of submergetb dry substrates

Substrates The bottom material (boulder cobble sand silt clay) of a stream or lake
Taxa Taxon Taxonomic group(s) of any rank, including a species, family or class.
Thalweg A line connecting theolvest points of a river, usually has the fastest flon

Bedrock (BR), Big Eddy (BE), backwater areas (@wWegwater areas (WW)
Unigue Habitat Sites| upstream and downstream of Jordon River (JR), upstream and downsi
of lllecillewaetRiver (IL)

Thezoneof periodically inundated substrate, spanning the upper edge

Varid Zone the permanently wetted zone to the lower edge of the floodplain
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Management Question (MQ) Summary of Key Results

Composition Likein most large riverghe periphytoncompositionrwas dominated by diatoms throughoy
the MCR. Taxa donated by the RevekstoReservoir continuously supported MCR productivity
recovery. Annual differences in water temperature and operating conditions (ALR elevationg
discharge) were important determinants of the periphyton community. There was a minor shift a
dominant periphyton taxa between reaches.

The MCR benthic invertebrate community compositicais dominated by chironomids tolerant of a ran
of environmental conditions including temperature and velocBjmilar toother hydropeaking riverghe
MCR had lowEPT richness and abundancese to coldwater temperatures resulting from larg
hypolimnetic dam releasand frequent substrate dewatering.

Distribution: Average periphytormnd invertebrateproductivity decreased with increasing exposure fro
thalweg thraighthe lowervarial zone tahe upper varial zoneChanges in periphytoand invertebrate
productivity within and/or between transects correspondeddtanging substrate submergence time a
secondarily to irradianctr periphyton(see definitions)

The seasonal water cover provided by backwatering reduces desiccation on riverine substrates tha
MQ1 otherwise be exposed by low flow releases, particularly inif&iBwhich receiwesthe greatest effect
) N | from backwateringAs a result of this flow confgxity, the Reach 3 upper varial zone was the most vari
What is the composition, distribution yegion for periphyton productivity in the MGRvhereasperiphyton community composition in the R
abundance and biomass of periphyton ypper varial zone was less variable than productivity in both seasons
and benthic invertebrates in the section ¢
MCR subjected to the influence ¢ Apundanceand Biomass High variability in rivertebrate density (mean and standard deviation d
minimum flows? 3122+6041 individuals/A) was indicative of a stressed system. Invertebrate densities in the MCR
zone ranged from 15122 individuals/and were comparable to other hydropeakimivers.

Periphytonabundanceand biomas®xhibited high annual and spatial variability in the MORerall, he
periphyton production metrics were indicative af oligotrophic or stressed river system

Invertebrate biomass in the MCR was highly vdeakith a mean and standard deviation of 0.13+0,
g/m2. The small invertebrate biomass was a result of the small biomasses of the dominant orgg
chironomid subfamily Orthocladiinae. Overall benthic invertebrate production metrics were higfedir
compared to pring. The higher invertebrate production in Fall could be a result of differences in w
habitat areabecauseArrow Lakes Reservoir backwatering was more extensive inrdallting in
substratesthat remained wetted for longer periodsAternately, natural seasonal variation coubéve
resulted in higher Fall productivity as seen in other river systems
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Management Question (MQ) Summary of Key Results
The reachwide productivity model for imertebrate biomass and atophylla indicated that under
typical operating conditions and AlRiter levelsn winter, spring.andfall, minimum flowsncreasedhe
spatial area of productive benthic habitat.
MQ-2

In summer, minimum flows increased the ardarovertebrate habitat but therevasno statistical
difference in periphyton habitat argare and post minimum flowsT he faster death rates of
invertebrates in summer compared to periphyton, resulted in only the invertebrate habitat area
benefiting from ninimum flows.

What is the effect of implementing
minimum flows on the area groductive
benthichabitat?

We therefore rejecHoy, that minimum flows do not change the spatial area of productive benthic
habitat for periphyton or benthic invertebrates in MCR.

We accept Hen that the implementation of the 142 &s minimum flow release did not change the tot
biomass accrual rate of periphyton in the thalweg area that remains permanently wettecirignum
flows in the MCR. The T1 thalweg productivity was comparable pre and post minimum flows under g
operations. Prior to the implementation of minimum flows the thalweg area only experéesbert
periods of dewatering that mostly occurred duringhttime. These short periods of dewatering were |
long enough toreduce accrual rates. For this reason, minimum flows did not induce a signifi
improvement in MCR thalweg productivity.

The overall benefits of minimum flow are greatest during:

1 Perbds of low ALRvater levels when backwatering does not cover substrates that would otherw
MQ-3 be exposed,;
1 Periods of low daily flows (400 to 600%/s) that exceed 12 hours with low humidity arderage
What is the effect of implementing daytime temperatures>10-15°C or <OC, particularly dring extreme air temperatures.

minimum flows on theaccrual rate of

periphyton biomassn the MCR? We accept Hgs, that there is no change in the accrual rate of periphyton at channel elevations that
periodically dewatered bthe implementation of 142 r#is minimum flow releaseEstimated submergenc
Is there dong term trendin accrual? ratios overfall andspring 20002019 in the periodically dewatered lower varial zone did not change be

and after minimum flows because operations simultaneously decreased the frequency of lay4R00
m3/s flows when the minimum flow regime commenced.

With simila submergence ratios under typical operatiomigd not generatedifferences in periphyton
accrual ratest T1 and T3 locatiorfsllowing the commencement of the minimum flow reginfdthough,

there wasa shortterm trend in periphyton accrual, there was s@nificant longierm trend of periphyton
accrual at T1 and T3 locations.
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Management Question (MQ)

Summary of Key Results

MQ-4

What is the effect of implementing
minimum flows onthe total abundance,
diversity, and biomass of benthic
organisms in the section of the MCEH
subjected to the influenceof minimum
flows?

Is there a long term trend in benthi
productivity?

Statistical models and estimated submergence ratios indicated that minimum flows did not
invertebrateabundanceor biomassunder typical operating conditions.

Only short peds of mostly nightly dewatering occurred near the thalvgemr to minimum flows and
these did not decrease invertebrate production. The amount of dewatering in the lower varial zon
similar pre and post minimum flows, resultingsimilar invertebrae production.

Minimum flows benefited invertebratdiversity only inReach 3 sites near the thalweg.

Longterm trends were not detected for either invertebrate abundance or biomass during the spg
sampling sessions (20:2D19) and were not assesséat fall due to a limited number of sampling years

We therefore accept Hgand Hay, that state the implementation of minimum flow release does 1
change theotal abundance / biomassf benthic invertebrates in the area below the elevation wetted
minimum flows or at the channel elevations that are periodically dewatered by minimum flows.

However, we reject the aspects of gi@nd Hay, that state the implementation of minimum flow releag
does not change thdiversityof benthic invertebrates in th&ICR It is, howeveracknowledged that the
effect of minimum flows on invertebrate diversity is greater in Reach 3, and that operatiayalso play
a role in the invertebrate community diversity. The specifics of dam operations may be more imp
than maintaining a minimum flow release.

MQ-5

If changes in the benthic communit
associated with minimum flow release
are detected, whaeffect can be inferred
onjuvenile or adult life stages of fishé&s

We reject Ho4hat states the implementation athe 142 n¥/s minimum flow release does not increas
the availability of fish food organisms in tMCRbecausét did causean increased availability of fish fog
organisms including dipterans and EPT.

However, the increased availability of fish food wad substantial enough to cause changes in f
condition of adult life stages. The fish indexing prograitne same areaCLBMOM.6, reported that body
condition and growth rates of aduRainbow Trout and MountainWhitefishwere similar before and afte
the implementation of minimum flows (Golder et al. 2018).

Juveniles are expected to be more sensitive to changes in the availability of invertebrate fish food b
they have more selective diets and primarily forage on zooplankton and chirongmoigsver, the effect
of minimum flows on juvenile body condition and growth rates was not directly tested.

Given the stressed conditions of the M@R and post minimum flowsve suggest that the increases
fish food associated with post minimum flows dileely insufficient to alter body condition or increa
growth rates of juvenildlountain Whitefish or Rainbow Trout.

xi| Page



Middle Columbia River
Ecological Productivity Monitoring
Final Report

ACKNOWLEDGEMENTS

Numerous employees &C Hydrdhave been instrumental in the successful implementation of
this project, including:

Guwy Martel
Trish Joyce
Margo Sadler
Jason Watson
Karen Bray
Don Anderson

= =4 =4 =4 -4 =9

They have provided helpful suggestions and discussions that have assisted in our understanding
of the complexities of Middle Columbia River.

The following employees of th@kanaganNation Alliancehave been involved in this project
(2013¢ 2020y

1 Michael Zimmer, MSc,
RPBio

1 Amy Duncan, MSc, RPBio

i Evan Smith, BSc, BIT

i Eleanor Duifhuis, BSc,
Dipl. Tech.

1 Autumn Solomon, BSc

1 Dave Tom

Saul Squakin

Casmir Tonasket

Ryan Poitras

Keith Louis

Davina Dube, Dipl. Tech
Natasha Audy, Dipl. Tech
Charlotte Whitney

= =4 =8 -8 -4 -8 -9

The following employees dEcoscape Environmental Consultartiave been involved in this
project(2010¢ 2020)

q Jason Schleppe, M.Sc ! Sarah Halima Kyaligonza
R.P.Bio I 1 Scott McGill, B.Sc., BIT
1 Mary Ann OlsorRussello, l R(_)bert WagneB.Sc.
M.Sc.. R.P.Bio. 1 Michael Schutten, M.Sc.
f Kyle Hawes, B.Sc., R.P.Bio. l Noe! Swaln,.M.Sc.
1 Rachel Plewes, M.Sc. 9 Danielle DrieschnerB.Sc.,
f Heather Larratt B.Sc. R.P.Bio
R.P.Bio (Larratt Aquatic) T Chloee Robertson
! Adam Patterson

M Carmen Chelick, M.Sc. BIT

Sue Salter and Scott Finlayson of Cordillera Consulting processed and identified the benthic
invertebrate samples. Dr. Jason Pither provided valuable support with statistical analyses and
data interpretationin 2010 through 2012. Dr. John Stockner contributed valuable QA/QC by
providing confirmation of periphyton identifications in 201Q012. The field crews of Golder
Associates Ltd. and Triton Environmental Consultants Ltd., and Limnofedrtdmnelare also
acknowledged for the collectigsorting and fieldprocessing of fish stomach samples that were
used infrom 2007 ¢ 2009. We would also like to thank Michael Speerbrecker of Spears
Construction for allowing permission to enter his property for fieltivities. Finally, we
acknowledge our families and spouses who continue to be understanding of the commitments
required to successfully undertake this project.

xii| Page



Middle Columbia River
Ecological Productivity Monitoring
Final Report

Table of Contents

EXECUTIVE SUMMAR v
ACKNOWLEDGEMENTS Xii
LIST OF TABLES Xvi
LIST OF FIGURE XVii
1.0 INTRODUCTION 1

1.1  Report Scope and Synopsis of Program Direction

2.0 STUDY AREA 2
3.0 METHODS 4
3.1 Overview 4
3.2 Datasets 9
3.3  Core Challenges of the Study 9
40 MANAGEMENT QUESTIONS 12
4.1  Cortext: River Flow and Physical Parameters 12
41.1 Patterns of Flow 14
4.1.2 Physical Parameters 16

4.2  Management Questions 17
421 MQ1 17
422 MQ2 29
423 MQ3 32
424 MQ4 36
425 MQ5 43

5.0 REFERENCES 46

xii| Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report
6.0 APPENDIX 1. TIMELINE OF CLBIV&EBN 50
7.0 APPENDIX 2. PERIPHYTON AND INVERTEBRATE SAMPLING METHODS 53
7.1  Artificial Substrate Sampler Construction and Retrieval 53
7.2  Post Processing of Periphyton Samples 54
7.3  Post Processing of Invertebrate Samples 55
7.4  Artificial Substrate Sampler Assumptions 55
7.5 References 56
8.0 APPENDIX 3. CONTEXT: RIVER FLOW AND PHYSICAL PARAMETERS 58
8.1 Introduction 58
8.2 Methods 58
8.3  Results and Discussion 58
8.3.1 Fall and Spring Sampling Session Flows 61
8.3.2  Velocities 64
8.3.3  Arrow Lakes Reservoir Elevations 65
8.3.4  Water Temperature 66
8.3.5 Summary 68
8.4 References 68
9.0 APPENDIX 4. MQ #1 70
9.1 Introduction 70
9.2 Methods 70
9.3 Dataset 71
9.4  Analyses 71
9.5 Results 73
9.5.1 Periphyton 73
9.5.2 Benthic hvertebrates 96
9.6  Discussion 108
9.6.1 Periphyton 108
9.6.2 Benthic Inertebrates 112
9.7 References 116
10.0 APPENDIX 5. MQ #2 120
10.1 Introduction 120
10.2 Methods 120
10.3 Dataset 121
10.4 Analsis 121

Xiv| Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report
10.5 Reachwide Productivity Model 121
10.5.1 River Model 121
10.5.2 Productivity Model Notation 122
10.5.3 Growth and Death Curves 126
10.5.4 Determination of Productive Area 127
10.6 Results 127
10.6.1 Periphyton Productive Area 128
10.6.2 Invertebrate Productive Area 130
10.7 Discussion 132
10.8 References 134
11.0 APPENDIX 6. MQ # 3 135
11.1 Introduction 135
11.2 Methods 135
11.3 Dataset 138
11.4 Analysis 140
11.5 Results 142
11.51 Overview of MCR Periphyton Accrual 142
11.5.2 Peak Biomass 143
11.5.3 Permanently Wetted at Minimum Flow: Productivity T1 146
11.5.4 Periodically Dewatered: Productivity 147
11.5.5 Trends in Periphyton Accrual Rate 148
11.5.6 Drivers of Periphyton Chlorophyl 152
11.6 Discussion 157
11.6.1 Overall Rates, Trends abdivers of Periphyton Accrual 158
11.6.2 Accrual Rates in the MCR Thalweg 161
11.6.3 Accrual Rates in the MCR Varial Zones 161
11.6.4 Summation 162
11.7 References 163
12.0 Appendix 7. MQ #4 166
12.1 Introduction 166
12.2 Methods 166
12.3 Dataset 166
12.4 Analysis 167
12.5 Results 169
12.5.1 Periodically Dewatered:rBductivity and Diversity 169
12.5.2 Submergence Ratios 172
12.5.3 Random Forest and CART Models 173
12.6 Discussion 184
12.6.1 Annual Differences 184

xv| Page



Middle Columbia River

Ecological Productivity Monitoring

Final Report

12.6.2 Minimum Flows and Permanently Wett Areas
12.6.3 Minimum Flows and Periodically Dewatered Areas
12.6.4 Longterm Trends in Production

12.7

13.0 APPENDIX 8. MQ #5

13.1
13.2
13.3
13.4
13.5
13.6
13.7

References

Introduction
Methods
Dataset
Analysis
Results
Discussion

References

184
186
187

189

191
191
191
191
192
192
195
197

xvi| Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report

LIST OF TABLES

Table 31:

Table 32:

Table 33:
Table 41:

Table 42:

Table 43:

Benthic productivity monitoring sites and their distance downstream of
Revelstoke Dam, including UTM coordinates and years sampled. A subscript (S =
spring; F =dll) indicates a site was only sampled in either the spring or fall in

years where both spring and fall sampling occurred (202Q13)..................... 4
Description of transect depths sampled in Ble@ and 4 sampled between 2007
[0 SRR RRPR 6
Predominant ecological productivity datasets............cccccceeeeiieii i iccccccnnns 9
Hourly flow summary thle by year. Summary statistics are calculated from
NOUFTY FIOWS... .., 12
Summary of spring and fall sampling sessions that had atypical Revelstoke dam
operations and variable water tEMPELAES..........cevveeeeeiieiieiiiieieeeeeeeeeeeeeeen, 17
Summary of typical MCR periphyton metrics from spring and fall 22002,

with comparison to oligotrophic, typical, and productive large rivers......... 21

LIST OF FIGURES

Figure 21.:

Figue 3-1:

Figure 32
Figure 33:

Figure 41:

Figure 42:
Figure 43:
Hgure 44:
Figure 45:

Figure 46:

Figure 47:

Map of the study area including mainstem sampling sites, trial sites and unique
NADITAL SIEES..... . et 3

A conceptual drawing of a typical site in reach 4 (top) and in reach 3 (bottom),
with benthic productivity samplers (T16) placed between the thalweg and the
tOP OF HVEN DANK......uuiiiiiiiiiiiieeee e 7
Typical design of the periphyton and macroinvertebrate sampling apparatLi.
Conceptual interactions model of habitat variables and benthic production as
they relate to food foriEh in MCR. Parameters shaded in grey, with bolded text

Boxplots of the estimated submergence ratio of the river thalweg im§@and

Fall (2002010), before implementation of minimum flows. The boxes represent
the interquartile range of values (25%6%), the median is represented by the
horizontal black line within each box, and the minimum and maximum are

represented by the ertical lines extending from the boxes......................... 13
Boxplots of estimated submergence ratio of areas that are periodically dewatered
for Spring and Fall 20@8019.............ccoiiiiiiiiiiiee e 14
Summary of mean hourly flows during the spring for all years of the study. The
horizontal dotted line indicates the minimum flow of 142 m3/s................... 15
Summary of mean hourly flows during the fall for all years of the study. The
horizontal dotted line indicates the minimum flow of 142 m3/s................... 15
Boxplots of periphyton congsition metrics by percent abundance grouped by
zone and transect for all sites sampled from 2@WA9..................oeeeeeeeeenn. 19

Boxplots of periphyton percent planktic guild by percent abundance andteec
number of species grouped by zone and transect for all MCR sites sampled form
2007-2009.....eeeeeeeee e e e 22
Boxplots of periphyton productivity metrics grouped by zone and transect
samples for bk MCR sites sampled from 20Q019 (includes all R3 R4 data)24

xvii| Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report
Figure 48:  Boxplots of invertebrate productivity metrics grouped by zone and transect for all
reach 3 and reach 4 sites sampleetween 20072019.................oo oo 26
Figure 49:  Boxplots of invertebrate composition metrics by percent abundance grouped by
zone and transect for all reach 3 and reach 4 sites sampled form2M¥.... 28
Figure 410: Boxplots of productive habitat area for periphyton pre (2&10) and post
(20102019) MINIMUM FIOWS........eeiiiiieeeee e 30
Figure 411: Boxplos of productive habitat area for invertebrate pre (268A10) and post
(20102019) MINIMUM FIOWS........eeiiiiieeeee e 31
Figure 412: Boxplots of periphyton productivity metrics for Fall T1 samplers at mainstes site
for pre-implementation of minimum flows (Pre Min Flow) and post
implementation of minimum flows (Post Min FIOW)...........ccccccovviiiiinieceenne 34
Figure 413: Accrual rates for R4 time series samplers for fall and sprimgpléag sessions.35
Figure 414: Boxplots of benthic invertebrate diversity and productivity metrics for Fall T1
samplers at main sites for pimplementation of minimum flows (Pre Min Flow)
andpostimplementation of minimum flows (Post Min Flow)...................... 37
Figure 415: RF variable importance plots for spring and fall biomass models............... 39
Figure 416: Boxplots of invertebrate production metrics in spring for mainstem sites...40
Figure 417: Boxplots of invertebrate production metrics in fall for mainstem sites......... 42
Figure 418: Boxplots of fish food metrics for fall T1 and T3 samplesmmementation of

minimum flows (Pre Min Flow) and pesaplementation of minimum flows (Post
MIN FIOW) ot e e e e e e e e e e e e e e e e e e e e e e 44

xviii| Page



Middle Columbia River
Ecological Productivity Monitoring
Final Report

1.0INTRODUCTION

This final report fothe Ecological Productivity Monitoring progra@l(BMORMNL5b) culminates 13

years of research on the ecological productivity on the Middle Columbia River (MCR), between
the outflow of the Revelstoke Dam (REV) dhd lllecillewaet River near Revelstoke, British
Columbia.Aquatic habitats in the MCR are heavily influenced by variable flow releases from REV
and, backwatering from Arrow Lakes Reservoir (AbE}o a lesser extentributary inflow. In
December 2010BC Hydro and Power Authority added a fifth generating &MU that was
expected to increase the peak discharge from 1,699 to 2,1%4. trdnder advisement from the
Water use Plan Consultative Committee,yearround 142 n¥/s minimum flow releasewas
establishedo mitigate the effects of extreme flonasnd enhane the productivity and diversity of
benthic communitiegBC Hydro 2007)Throughout this report we refer to minimum flow; this
term encompasses the chang® the flow regime from the additioof REV&ndyearround 142

m?/s minimum flow release

The three main objectives of CLBMQ@5b were:

A To design and implement a loitgrm program for tracking the productivity and
diversity of key benthic community taxa (periphyton and invertebrateshiwit
the MCR;

A To assess the response of the MCR benthic community taxa, both periphyton and
invertebrates, to a minimum flow release from Revelstoke Dam BRE/5
operations; and

A To investigate and quantify the relationship between habitat attributes and
benthic composition, abundance, and biomass within the section of the MCR
most likely to be influenced by minimum flow aR&EVoperations.

1.1 Report Scope and Synopsis of Program Direction

The report includes an Executive Summary with an overview status ¢dlilfee management
guestions. The Introduction, Study Areend Methods sections provide a brief synopsis and
context for the study. For each management question, a summary of important results
presented inSection 4while additional supporting inforation is offered in Appendices-8. A
separate appendix is provided to address each management question and is structured as a stand
alone report.

CLBMORML5b management questions covered biologically significant elements of the MCR that
impact its fifieries. None of the original management questions were eliminated from the
CLBMORML5b program and all management questions were statistically assessed or addressed
through modelling exercises and supported with lines of evidence and findings from théfgcien
literature.
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2.0STUDY AREA

The MCR is a section of the Upper Columbia River adjacent to the town of Revelstoke, British
Columbia, encompassing approximately 38.5 km of river between REV and the ALR near Shelter
Bay. The MCR is sectioned into four resgthis study focused on riverine reach 4 (R4) and reach

3 (R3). Reach 4 extends approximately 5 km from REV to the confluence of the Jordan River.
Reach 3 starts at the confluence of the Jordan River and extends approximately 3.5 km
downstream to the cofluence with the lllecillewaet RiveFigure2-1).

2| Page



Middle Columbia River
Ecological Productivity Monitoring
Final Report

—=0
w  Revelstoke D.nm————l—,—”- <
% 5 7 .

-

b YI83y)

2
g
N
I
W,

R352
°

M R351

i

0 250500 1,600 1,500 2,000

! iMeters | 3
Legend /—
City ¢ Mainstem Sites — ——
Highway Trial Sites ‘ 1{.0%‘ APE /
Streams @ Unique Habitat Sites e i
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3.0METHODS

3.1 Overview

Benthic productivity wasampledconsistently at three site# bothin R4(S4, S5 and S6hd R3

(S3, S5, S6) between 2007 and 2019 (hereafter referred to as mainstemusitag)artificial

periphyton and macroinvertebrate samplefSigure2-1; Table3-1). Most data presented in this

report originates from these six sites. Inso@é 8 S&a> NB&adzZ G& NB fFoSftfSR
includes thesix mainstem sites and other mainstem sites that were trialed during CLENSON

but not consistently sampled, as well as four other unique habitat sites including bedrock (BR),

Big Eddy (BE), backwater (BAfdwhitewater areas (WW(Figure2-1; Table3-1). The only sites

not included inthe dall siteg analysesvere up and downstream of thdordan and lllecillewaet

rivers (JR and IL).

Table3-1: Benthic productivity monitoring sites and their distance downstream of
Revelstoke Dam, including UTM coordinates and years sampled. A subscript (S
= spring; F = fall) indicates a site was only sampled in either the spring or fall in
years where boh spring and fall sampling occurred (20£2013).

Site From REV UTM Coordinates (11U) Years
Sample Type - -

Name (km) Easting Northing Sampled
R4S1 Reach 4 Trial Site 4.7 413299 5651663 2007, 2008
R4S2 Reach 4 Trial Site 3.3 414394 5652479 2007, 2008
R4S3 Reach 4 Trial Site 2.6 414852 5653080 2007, 2008
R4S4 Reach 4 Mainstem Site 1.7 414961 5653923 2007¢ 2019
R4S5 Reach 4 Mainstem Site 1.4 414820 5654177 2007¢ 2019
R4S6 Reach 4 Mainstem Site 1 414727 5654561 2007¢ 2019
R4S7 Reach 4 Trial Site 01 414866 5655385 2007, 2008
R4BR Reach 4 Unique Habitat Site 2.3 414997 5653373 2011c 2014

(Bedrock)
R4JR Reach 4 Unique Habitat Site 47 413085 5651753 2011
(Jordan River)
R3S1 Reach 3 Trial Site 10 414613 5649094 2007¢ 2009
R3S2 Reach 3 Trial @it 9.9 414731 5649253 2007¢ 2009

4| Page



Middle Columbia River
Ecological Productivity Monitoring

Final Report
Site From REV UTM Coordinates (11U) Years
Sample Type - -
Name (km) Easting Northing Sampled
R3S3 Reach 3 Mainstem Site 8.4 415355 5650318 2007¢ 2019
R3S4 Reach 3 Trial Site 7.6 414744 5650763 2007, 2008
R3S5 Reach 3 Mainstem Site 6.8 414253 5651328 2007¢ 2019
R3S6 Reach 3 Mainstem Site 6.2 413724 5651543 2007 ¢ 2019
R3S7 Reach 3 Trial Site 5.8 413586 5651210 2007, 2008
R3BE1 Reach 3 Unique Habitat Site 5.6 413281 5651210 2011¢ 2015
(Big Eddy)
Reach 3 Unique Habitat Site 2011¢ 2012,
R3BE2 (Big Eddy) 5.6 413281 5651210 2013, 2014
Reach 3 Unique H#at Site 2011, 2012,
R3BE3 (Big Eddy) 5.6 413281 5651210 2014, 2015
Reach 3 Unique Habitat Site 2011, 2012
R3BE4 (Big Eddy) 5.6 413281 5651210 2014, 2015
Reach 3 Unique Habitat Site 2011, 2012,
R3BW1 (Backwater) 6.8 413968 5651231 2013¢ 2015
Reach 3 Unique Habitat Site 2011, 2012,
R3BW2 (Backwater) 6.8 413968 5651231 2013¢ 2015
Reach 3 Unique Habitat Site 2011, 2013,
R3BW3 (Backwater) 6.8 413968 5651231 2014, 2015
R3BW4 Reach 3 Unique Habitat Site 6.8 413968 5651231 2014
(Backwater)
R3IR Reach 3 Unique Habitat Site 105 414900 5648662 2011
(Necillewaet River)
Reach 3 Unique Habitat Site
R3WW1 (Whitewater) 6 413695 5651357 2011s
R3WW2 Reach 3 Unique Habitat Site 6 413695 5651357 20115

(Whitewater)

During the first three years of thstudy (200 ¢ 2010), he sampling only occurred during six
weeks in the fall (~mi&eptthrough Oct)Table 42). From2011to 2013, sampling took place in

both the fall and spring (~mid Apr through Maigllowed by only fall sampling in 2014 and only
spring samplingrom 2015to 2019.

At most sites, benthic productivity samplers were deployed across a depth gradient from the
NA S NDa GKIfgS3 0 2The ittt mailzbtimSshes INJRACSrsBtedyof ®
cobble/boulder sized substrates arekhibited an increasing elevationagjradient from mid-
channel to the top ofiverbank similar to thetop illustration n Figure3-1. In R3, the substrates

5|Page



Middle Columbia River

Ecological Productivity Monitoring

Final Report

were comprisef morefines/gravel/pebbles and the elevational gradieatof the river channel
were more variable due teubstratemobility in response to changirfipw regimes Figure3-1).

At each site, between four and seven productivity samplers were deployed, butammshonly
six sampérs were place@long a depth transe (Table3-2). Samplers T1 and T2 were placed in
permanently submerged locationshere the 142 m%s minimum flow occured upslope of the
samplers.SamplersT3 and T4 werdocated within the lower varial zone, which typically
experiencel dailysubmergence and exposyrand smplers T5 and T&ere locatedn the upper
varial zone where thewere onlysubmerged during higher flow regimdsdure3-1; Table3-2).

Table3-2: Description of transect depths sampled in Reach 3 and 4 sampled between

2007¢ 2019.
Reach  Sampler Relative depth/zone Submergence Years
Sampled
ini 2007¢ 2019
T1 Mid channel / thalweg Permanently submerged by minimun
T flows (142 n#/s) 2009¢ 2019
T3 Mid channel / lower varial ~ Submerged by flows from 200 to 800 2007¢ 2019
3 and4 T4 *on€ mefs 20096 2019
T5 ] 2009¢ 2019
Upper varial zone Submerged by flow> 1000 rfis
T6 2010¢ 2019
T7 Infrequently wetted 2010

floodplain
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Figure3-1: A conceptual drawing of a typicaite in reach4 (top) andin reach 3 (bottom),
with benthic praductivity samplergT1-T6)placed between the thalweg and the
top of river bank

The location of artificial samplevgasreferenced as Reach (R), Site (S), and Transeaber(T);
therefore, a sampler deployed in Reach 4 at Site 5 in Transect locationl® have the reference
number R4S5T3Artificial substrate samplers were deployed for 439 days annually in the
spring, fall, or both spring and fall between 2007 and 20Eble3-1). Onlymainstemsites were
sampledconsistently between 2007 and 2019. Sites at Jordan River (JR), lllecillewaet River (IR),
and in Whitewater (WW) were briefly sampledtire spring of 2011. Sampling during 2007 and
2008 focused on the T1 and T3 transect depths to collect data in shalidwleep habitats. In

2009, sampling expanded to cover the depths between T1 (deep) and T6 (submerged in higher
flows). This provided productivity data on a gradient between shallow and deep habitats, and
increasel replicate samples in each habitat gradigmproving data robustness.

A typical design of the periphyton and macroinvertebrate sampling apparatus is shéigune

3-2, although different derivations of the apparatus were udetween 2007 and 2019.Each
samger included a HOBO Pendaemperaturelight datalogger.
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Figure3-2 Typical design of the periphyton and macroinvertebrate sampling apparatus

Periphyton accrual sampling was also undertaken t&igvii A 3 G S OKf 2 NRLIKE&f f mt
rates. This sampling was undertakainthe same time as regular spring and fall sampling, but

these samplers wereollectedthen returned to the river at weekly or biweekly intervalger the
6-weekdeploymentduration. Typicallyten time series samplers were deployed.

At the end of the deployment sessions, periphyton Styrofoam punches were randomly collected
FTNRBY SIFOK al YLX SNJ G2 FaasSaa mo OKf2NRLKefttmnlT
weight; and 3) taxa and biovolume. Benthic invertebrate baskets were also retrieved following
standard protocols. Individual rocks from each basket were scrubbed to release clinging
invertebrates. The contents from each basket were captured on a sieve and fikeannéthanol

solution prior to transport to a laboratory for taxonomic identification and determination of
biomass and associated metrics. More detaiteethods areavailable in Appendix 2.
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3.2 Datasets

The primary datasetsollected as part of CLBM@Nb are summarized inTable 3-3. Where
additional data was used in the analyses for the various management questiese dataets
are includedwithin each respective appendix

Table3-3:

Predominant ecological productivity datasets.

Name/Description

Source

Years Obtained

Productivity Datasets

Mean Daily Discharge at Revelstol
Dam

Data obtained from BC Hydro

2007-2019

Water Temperature and Benthic
Light Renetration

Data collected at each productivity
sampler during each deployment
session

2007¢ 2010 (fall only); 201¢
2013 (spring and fall); 2014 (fall
only); 2015 2019 (spring only)

Light Profile

Data collected at the following sites:
R4S6, R4S5, R4&8S6, R3S5, and
R3S3

2019

Benthic Invertebrates

Data collected at each productivity
sampler during each deployment
session. Data includes abundance,
biomass, taxonomyand associated
metrics

2007¢ 2010 (fall only); 201¢,
2013 (spring and fall); 2014all
only); 2015 2019 (spring only)

Periphyton

Data collected at each productivity
sampler during each deployment
session. Data includes abundance,
biovolume, taxonomyand
chlorophylta

2007¢ 2010 (fall only); 201¢,
2013 (spring and fall); 2014 (ffa
only); 2015 2019 (spring only)

ChlorophyHa Time Series

Data collected at a select number of
productivity samplers throughout the
deployment periods

2009 & 2010 (fall only); 2011 (fall
and spring); 2012 (spring only);
2013 (fall and spring); 2014a(p);
2015¢ 2019 (spring)

Velocity

Data collected at each productivity
sampler at least once per deploymer
period

2007¢ 2010 (fall only); 201%,
2013 (spring and fall); 2014 (fall
only); 2015 2019 (spring only)

3.3 Core Challenges of the Study

The coe challengsof this stud/ included but were not limited to

1 Physically sampling the river givéime varied andften rapidly changing flow conditions

1 Achieving aampler desigrhat withstood ramping flows without becoming dislodged or
flipped and enaldd a high percent recovery of samples;

1 The use of opefelled Styrofoam for periphyton sampling appedrto exaggerate
production by 2Go 400% based on the natural substrate sampling that was undertaken.

1 Addressinghe wide range ofphysicalfactors(i.e., light, velocity, flow, substrates, etc.)
that influenced MCRproductivityandwere necessities in the development afcomplex
productivity modé (Figure3-3);

1 Productivity ampling wadimited to spring orfall sessias, but peak flows associated
with REV5 occued in the summer(i.e., 365 his/yr >1800 ni/s, or approximately 4% of
the time) and other stressors such as ice formation ocedin the winter. The lack of
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T

T

)l

summer and winter sampling resulted in limited prmtivity knowledge duringhe off-
seasons and several assumptidrasl to bemade

Assumptions and limitations of the productivity mddmcluding that death curvesee
definitions) were based on Trichopteraven thoughTrichoptera abundancewere
minimd inthe MCR

The annual variability in REV operations and backwatering of ALR due to climatic
extremes complicated productivity resultgnd

Severafall sampling sessions occurred in extreme years for physical parameters and
productivityfindingswere afected.

10| Page



Middle Columbi&River
Ecological Productivity Monitoring

Final Report
TTONETES BC Hydro Operations
A 4 A 4
Substrate ¢ Flow Revelstoke Reservoir
Scour and Saltation Turbulence ¥ Velocity Depth ubmergence
\ / A 4 y
Nutrientsand Chemistry Light Temperature
v v * red

Periphyton Life History, Community and Production

|

Benthic Invertebrate Life History, Community and Production

Fish

Figure3-3: Conceptual interactions model of habitat variables and benthic production as they relate to food for fish in MCR. Paramete
shaded in grey, with bolded texrepresent parameters under assessment in this study.
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4.0 MANAGEMENT QUESTIONS

4.1 Context:RiverFlow andPhysicalParameters

The predicted trends of the new operating regime, with minimum flow and the operatiRiEdH
included a general increase in the drgency of high flows with corresponding increases in river
water levelsand velocities, and a general increase in average daily flow during low demand
periods (BC Hydro 2006). Prior to minimum flow implementation (2@WDA0), the water release
from REManged from O s to 2,114 n¥/s, with an average of 741 hours below 14%sn The

post minimum flow operating regime (20112019) ranged from O #s to 2,573 n¥/s with an
average of 2 hours below 1423w (Table4-1). Dependng on hourly power demands, the
variability of REV discharges could result in sudden water fluctuatmgsng from3 to 5 vertical
metresin the MCR.REV&vas expected to increase the peak discharge from 1,699 to 2,224 m
However, the hourly dcharge data showed that before REV5, peak discharges were just below
1,800m%s (Table4-1). The post minimum flow yeatsad higher peak flowswvith an average of

365 hours over 1,800 #fs, while pre minimum flow yeaisad an average of 3.75 hours over 1800
m3s (Table4-1).

Table4-1: Hourly flow summary table by year. Summary statistics are calculated from
hourly flows.

- . . Hours Hours over

Year Minimum Median Mean Maximum under 142
ma/s 1800 m3/s

2007 0.00 967.46 919.74 1,772.56 738 0
2008 0.00 664.17 715.68 1,778.92 1539 0
2009 0.00 629.65 656.23 1,765.78 1172 0
2010 0.00 631.71 684.29 2,114.85 899 15
2011 0.00 710.65 813.29 2,148.98 1 253
2012 0.00 921.03 955.86 2,573.37 2 814
2013 0.00 691.26 818.50 2,171.15 1 372
2014 0.00 640.79 758.84 2,145.13 1 305
2015 0.00 938.41 955.36 2,182.70 1 619
2016 0.00 624.92 734.08 2,149.60 1 200
2017 0.00 941.13 924.82 2,178.90 3 225
2018 0.00 651.88 789.73 2,187.97 4 243
2019 0.00 598.50 744.60 2,125.77 4 257
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Productivity sampling only occurred duriggring (April 16 ¢ May 25") andfall (September 9¢
October 26"). Submergence ratios were calculated fao key areas of the riverhannel, the
thalweg and the varial zondor 11 years pre minimum flow (20€#010) and 9 years post
minimum flow (20132019) to better understand the range of operations in spring and fall.
Submergence, defined as the overflow of substrates with wateg itical determinant of
benthic productivity. Aubmergence ratio of 0 indicates no inundationa given period while
submergence ratio of 1 indicates that substratesre covered with water 100% of the time. It
was assumed that the thalweg area exipaced substrate dewatering when flows were less than
142 n¥/s and the varial zone experientdewatering when flows were less than 406/s

Prior tothe implementation of minimum flow&000¢ 2010, the submergence ratio of the river
thalweg was estirated for a 45day period in the spring and a 4jay period in the fallRigure

4-1). The median submergence ratios were 0.88 and 0.82 for spring and fall, respectively. The
range of submergence was 0.65 (Spring 2008)34 (Fall 2007), illustrating substantial variability
between years. These calculated submergence ratios do not account for possible backwatering
that can occur from ALR. This complicating factor is discussed further in Appendix

0.94

0.84

Estimated Submergence Ratio

0.7

Sp;ing FIaII
Season
Figure4-1: Boxplots of the estimated submergence ratio of the river thalweg in Spring and Fall
(20002010), before implementation of minimum flowsl he boxes represent the
interquartile range of values (25985%), the median isepresented by the horizontal
black line within each box, and the minimum and maximum are represented by the
vertical lines extending from the boxes.

Estimated submergence ratios tine periodically dewateredower varial zonevere compared
before and ater the implementation of minimum flowsn the spring, pst minimum flows (2011
-2019) had a lower median submergence ratio (0.46) compared to pre (22Q00) (0.54)Kigure

13| Page



Middle Columbi&River
Ecological Productivity Monitoring
Final Report

4-2). Spring 2015 had a very high submergeratio of 0.93 compared to all other spring periods
before and after the implementation of minimum flow.

©
o
1

o
D
1

Estimated Submergence Ratio

0.4
Spring Fal
season
E Pre Min Flow E Post Min Flow
Figure4-2: Boxplots of estimated submergence ratio of areas that are periodically

dewatered for Sping and Fall 2002019.

In fall, the estimated submergence ratios in periodically dewatéwagr varial zonebefore and
after the implementation of minimum flows were comparabl€igure 4-2). The median
submergence rigo was 0.64or fall 20002010and 0.67 for fall011-2019. Theange ofestimated
submergence ratiosvas wider before the implementation of minimum flowg0.34-0.91)
compared to aftei(0.44-0.81).

4.1.1 Patterns of Flow

Mean hourly flows in the MCR followechighly variable but predictable pattern during the spring
and fall productivity sampling sessiof$gured4-3 andFigure4-4). The flow was highest daytime
hours between 7:00 and 200, with periods of low flow typically only occurrif@m night to
early morning between 24:00 and 5:00. Théatween periods consisted of ramping up or down
from the peak daily flow.

Annual variability in the mean hourly flow during the spring aat Sampling sessions was also
evident Figure4-3 and Figure4-4). In the spring before establishment of minimum flows, 2008
was the only year that had mean hourly flows below 142sr(Figure4-3), while n the fall, all
years (20082010except 2007 had mean hourly flows below 1423t (Figure4-4). These low
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hourly flows typically occurred between 2:00 and 441. In contrast, the hourly mean flows
during fall 200%xceededL42 n¥/s butwere not as high as post minimum flow years.
Spring

12501

Year
— 2007
— 2008
— 2009
— 2010
— 2011
— 2012
2013
— 2014
— 2015
2016
— 2017
— 2018
2019

10007

7504

Mean Flow (m3/s)
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2501

0 5 10 15 20
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Figure4-3: Summary of mean hourly flows during the spring for all years of the stud
The horizontal dotted line indicates the minimum flow of 142%s.

Fall
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Year
— 2007
1000 1 — 2008
— 2009
— 2010
— 2011
— 2012
2013
— 2014
— 2015
2016
— 2017
— 2018
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Mean Flow (m3/s)

5001
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Figure4-4: Summary of mean hourly flows during the fall for all years of the study. The
horizontal dotted line indicates the minimumldéw of 142 n¥/s.
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Revelstoke Bm operations were variable in fall deployment sessions. Fall 2007, 20d2012
had higher hourly mean flows from 10:@20:00 compared to other fall deployment periods
(Figure4-4). Fall 10 had lower hourly mean flows from 8:20:00 compared to other fall
deployment periods. The fungal/bacterial black coloration on substrates observed was
indicative of a low water year in fall 2010.

Dam @erations were also variabl@uring springdeployment sessionspring 2015was unique
compared to all other spring sampling sessjaas it had higher mean hourly floSigure4-3).

Spring 2017 and 2018 had higher mean hourly flows from 121000 compared toming 2011

2013, 2016, and 2019. Higher peak hourly flows in spring 2017 and 2018 were associated with
above average snowpack levels. Mean hourly flows from-2800 were lower in spring 2019
compared to other spring sampling sessions.

Despite the impleentation of minimum flows, this flow data demonstrates that the anrfleal
variability was not always consistent or typical of the minimum flow operating regimerefore,
annual flow variability ha a substantial effect on benthic productivity and éouanded the
minimum flows benefitéo benthic production.

Peak hourly flows can cause shearing of algae and loss of benthic invertebrates through drift
which ultimately can result in changes to the benthic community composdtiento a greater

loss of pecies that are morphologically more susceptible to high flows. Peak flows rarely
exceeded 1800 s during most fall and spring sampling sessiaeAppendix3)but did so in

fall 2012 for 27 hours and in spring 2018 for 40 hourke maximum flow in fd 2012 reached

the capacity oREV5

4.1.2 PhysicalParameters

Physicaparametersthat influence benthic productivity in the MCR incluolgt were not limited

to submergence, water temperaturand velocityThe combination of hourly flows and AlvBter

leves determines the wetted history of substrates in the MCFheMCR water temperature as

more variable irspring sampling sessions comparedad. PreviousMCRfindingsindicated that
spring water temperatures weran important determinant of periphytorproductivity. Spring
sampling sessiongere split into two groupswarm spring sampling sessiatat had mean water
temperatures greater than &, and, cool spring sampling sessiorthat had mean water
temperatures less than°® {Table4-2).

Spring and fall sampling sessions with atypitlaV operationare summarized inrable4-2. The
ALRwater levelsin fall 2008 and 2011 were higher than other fall sampling sessions. Extensive
backwateing caused an increase in substrate submergence and a reduction in velocities. Fall 2012
and spring 2018 experienced high hourly peak hourly flows that resulted in high maximum
velocities. Higher mean hourly flows in spring 2015 compared to all othergsgaimpling sessions
resulted in increased submergence throughout the varial zone of the river.
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Table4-2: Summary of spring and fall sampling sessions that had atypical
Revelstoke dam operations and varibbwater temperatures

Deployment Deployment Period Atypical operation Water
Period Spring Fall conditions Temperature
2007 X Low # o_f hours below

min flow
2008 X Extensive ALR
backwatering
2009 X
2010 X
X X Extensive ALR o

2011 backwatering <5°0S)
2012 X X High peak hourly flows <5°Q(S)
2013 X X >5°C(S)
2014 X X
2015 X High mean hourly flows >5°C
2016 X >5°C
2017 X <5°C
2018 X High peak hourly flows <5°C
2019 X <5°C

Appendix 3provides an additionaummary of REWperationsduring the spring and fall sampling
sessions, pre and post minimum flow conditions, and highdigtiter confounding factors such
as annual variability and ALR backwatering.

4.2 Management Qestions

4.2.1 MQ1

MQ#1 What is thecompositiondistribution, abundanceand biomassof
periphyton and benthic invertebrates in the section of MCR subjected to
the influence of minimum flows?

4.2.1.1 Periphyton

This study segment was designed to assess periplogmmmunity composition and standing crop
over the range of flow and habitat conditions in the MCRe& (i dzR &y€aadummtioncaptured
the inherent variability of the MCR artklped limit the impact othe increased frequency of
extreme event®n summarystatistics and modellindNatural sibstratevariabilitywas controlled
by using an artificial substrate although it is acknowledged that the rough-opked Styrofoam
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employed in this project tended to exaggerate accrual rates and final biomass estinya2€s
25% or more compared to adjacent natural substrates.

The following section discusses the study results where the evidence was strong and offers
literature context for conclusions, as well as best estimates where the evidence was weak. The
levelof uncertainty in the topics discussed herein is moderate and could be lowered by extending
the study from fall and spring into the summer and winter seasons.

4.2.1.1.1CommunityComposition Diversity, and Distribution

Like most large rivergjiatoms accounteddr over 90% of theeriphyton biovolume in both
seasons and both reachésall study yearsThe dominant diatom species belonged to the{ow
profile guild, rapid colonizing diatoms with firm attachment strategimsto the large planktonic
guild taxa impated from Revelstoke Reservoir thdgposited orthe periphyton biofilm. Smaller
contributions were made by the large higinofile taxaand the motile taxa in the MCBelection
pressure favouring lowprofile guilds has also been found in other hydropeaKawilities (Passy
and Larson 2011Thelow-profile guild is better suited to high water velocities which may explain
its prevalence irspring high flows

The lowprofile guild taxa were prevalent in both spring and fall with mean percentages of 26£15%
and 30£18%, respectivel$pring sampling sessions with warmer water temperatures had higher
percentages of théow-profile guild (Figure A22)The low profile guild are fast growing andn
outcompete the high profiléaxaat warmer water temperaturegRime and Bouchez 2012).
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Figure4-5: Boxplots of periphyton composition metrics by percent abundance grouped by
zone and transect for all sites sampled from 202@19.

Joring periphyton compositionvaried acoss the river channel and was related to differences in
substrate submergence. The planktic amdgh-profile guilds benefited from longer periods of
submergenceThe shallowest upper varial zosampler (T6had a much lower percent high
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profile guild compred to TiT5(Figured-5). Motile taxa had the highest percentages in the upper
varial zone (T96).Similarly,dw profile taxa were more abundant in the upper varial zone during
the spring sampling sessignB4T6 sping samplers had significantly higher percent low profile
guild compared to T-T'3 samplersHigure4-5).

Fall periphyton compositionwas similar across the river chanriscause &l provides more
stable conditions compad to spring. Warmer air and water temperatures, protection of
substratesby ALR backwatering and lower peak flows benefit the periphyton community in the
lower and upper varial zones Fall.

Although periphyton taxa are less sensitive than invertelsatie the rate of substrate de
watering as opposed to its duration, ramping down can be too rapid for spore/cyst formation and
rapid ramping up can dislodge or abrade stressed taxa (Bdfdaze 2016; Biggs and Thomsen
1995).Periphyton mat shear/abrasioran be expected at velocities exceeding 0.30 m/s (Ahn et
al. 2012) and mat removal is complete within 30 minutes of the velocity increase (Cullis, et al.
2013).For example, ppulations of large filamentous algae including Didymo and filamentous
green algaeavere curtailed by filament desiccation from substrate exposure and to a lesser extent
by mat removal during high flows.

There are numerous mechanisms that account for similaiitiepecies distributiorin large rivers
like the MCR. These include flmanditionsthat can either shield (backwatering) or move (high
flow events) benthic species to new substrate locations. Additionally, the TidMegarea that
remained wetted by minimum flows continuously recedverifting algae from Revelstoke
Reservai. The diatom taxa donated by Revelstoke Reservoir suppogtedphyton productivity
and recovery particularly in R4Rlewes et al. 2019)n turn the thalwegcan function as a source
of organisms to re&olonize exposed habitat areas after catastrophoevfevents.

Although species composition changed between reaches, owsgradiies diversityvas stableas
was the percent contribution of each gu{ldigure4-6). R3 has greater sand concentrations, while
R4 has more cobble and bedraghkd these substrate differencegere reflected in shifts among
periphyton dominants. For example, species that were planktonic or adhereninfraite) were
more common in R4 samples (eSynedra ulna, Achnanthidium miniisa), while species that
were stalked or motile increased in R3 samples (@idymosphenia geminata, Navicula spp.

The sum of these flowelated stressors limid periphyton community diversity and resulted in a

species richness in MCR that was lo@wet0 + 6 taxa) than typical for unregulated large rivers of
similar latitude Table4-3).
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Table4-3: Summary of typical MCReriphyton metricsfrom spring and fall 20162012,
with comparison to oligotrophic, typical, and productive large rivers

. . . . MCR
Metric Oligotrophic Typl_cal large Eutrophl_c or (values bolded in bracket =
or stressed rivers productive
6 month samples)
Number of taxa (live & dead  <20¢ 40 25-60 variabde 5-52 (39-50)
ChlorophyHa ug/cn? <2 2-5 >5¢ 10 (30+) 0.04¢ 4.1 (0.592.0)
. i <0.02¢ 1.5 x10(0.9¢
Algae density cells/ctn <0.2 x160 1-4x10 >1 x10 13.1x10)
Algae biovolume cAm?2 <0.5 0.5¢5 20-80 0.03-10 (0.6-5.9)
Diatom dersity frustules/cn?  <0.15 x10 1-2x106 >20 x10 <0.01¢ 0')(61)(;51)@ (0.21.0
Biomass;AFDW mg/cra <0.5 0.5-2 >3 0.12¢ 4.8 (0.353.5)
Biomassdry wt mg/cn? <1 1¢5 >10 0.7¢ 80 (6-99)
Organic matter (% of dry wt) 4-7 1¢10(2-7)
Backria count sediment o
HTPC CEU/Em <4-10 x1@ 0.4¢ 50 x1G6 >50x16->10 0.2¢5x10
Bacteria count water CFU/m 0.1¢ 10 x1@ 0.1¢ 100 x16 2.4 x10 Not sampled
Fungal count CFU/¢m <50 50¢ 200 >200 <250¢ 6000
0.0003- 0.034 shallow;
Accrual chh ug/cn®/d <0.1 0.1¢06 >0.6 0.001- 0,038 deep

Comparison data obtained from Flinders and Hart 2009; BiggsP2%érson and Porter 2000; Freese et al. 2006; Durr
and Thomason 2009; Romani 2009; Biggs and Close 2006.
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Figure4-6: Boxplots of periphyton percent planktic guild by percent abundance and effective
number of species grouped by zone and transect for all MCR sites sampled form
2007-2019.

4.2.1.1.2Abundance and Biomass

The artificial sampler datavere corrected by the median potential inflation of periphyton
production, the corrected resultsndicated that MCR productionwas consistent with an
oligotrophic or stressed river systefhable4-3).

Periphyton productivitychanges corresporatl to substrate submergence time and secondarily
to irradianceand thereforediffered significantly across the river channel {T@) inspring andfall
(Figure ABFigure 47). Average periphyton productivity decreased with increasingosype from
T1/T2 through T5/T6The deep samplers (T13) were the most productive in spring and fall,
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though fall productivity in the lower varial zone (T4) was similar to the deep samplers because
ALR backwatering resulted in more substrate submergeM @R substrates that were wetted for
morethan nine hours per day experienced rapid periphyton growth (Schleppe et al. 2012).

Overall, fall periphyton productivity metrics almost doubled the spring metrics throughout the
13-year study periodThe importantdrivers behind the greater fall periphyton productivity and
diversity were flows (lower water velocities, greater backwatering) and warmer water
temperatures.Greater fall productivity occurred despite fewer hours (60000)of light than
spring (5001450 ; seePlewes et al. 201fbr further detaily.

Many growth metrics were higher in Reach 3 than Reacluel to flows, backwateringand
weather. The greatest difference between R3 and R4 periphyton productivity occurred in spring
due to R3 variable eangical conditionsThe Reach 3 upper varial zowaried the mostfor
periphyton productivity in the MCR. With continuous backwatering, it exedéue productivity

of deeper areas but without backwateringhiad minimal productivity.
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samples for all MCR sites sampled from 262719 (includes all R3 R4 data).
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4.2.1.2 Benthiclnvertebrates

4.2.1.2.1Distribution, Densityand Biomass

Invertebrate abundances for the MCR are displayefigpendix 4Section9.5.2 For comparison
with other rivers invertebrate densitiesire reported below. Densityis defined aghe abundance
per unit area. Invertebrate density of the MCRwas highly variable withraoverallmean and
standard deviation 0f3122t6041 individual$m?. Invertebrate production inthe MCR was
indicative of ahighly regulatedstressed systeminvertebrate communities that have low EPT
richness and densés are indicative of a stressed system. Most EPT are sensithadhecause
they are intolerant of physical disturbances (Hamid and Remi 20W&rtébrate densities were
lower in the MCR compared tohe Lower Columbiaand Peacerivers (data not shown)
Invertebrate densities in the varial zonetbé MCR ranged from +%122 individuals/mandwere
comparable to other hydropeaking rivefsor example,lie Saskatchewan River atiok Baevera
River in Norway had invertebrate densities that ratideom 392477 individuals/nt and 236
1836 individuals/m, respectivelyNlihalicz et al. 2019derland 2012).
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Figure4-8: Boxplots of invertebrate productivity metrics grouped by zone and transect for

all reach 3 andeach 4sitessampled between 20022019.

The MCR invertebrateistribution variedby positionacross the river channel and by season
(Figure4-8). The shallowest permanently submerged samglE2) and both lower varialone
samplers(T3, T4 had the highest invertebratelensitiesin spring Figure4-8). In the fall, the
permanently submerged zone and the lower varial zone sarapigh the leastamount of
dewatering(T3) had the higheshvertebratedensities The reducedhvertebratedensitiesat the
deepestpermanentlysubmerged zone samptewere a result of higher spring velocities near the
thalwegthat exceeded the tolerance of some invertebrate tfRéewes et al. 2019).

Likedensty, invertebrate biomass ithe MCRvariedhighly with a mean and standard deviation

of 0.13t0.34g/m? (Figure4-8). The low invertebrate biomass of the MCR was expected because
the dominant benthic invertebrate organigmare small. The dominant chironomid subfamily
Orthocladiinae has very small biomasses that typically ranged from -0.082 mg/indivdual
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(Niedrist et al. 2018). Orthocladiinae have small biomasses compared to other cold stenothermic
chironomids such a€hironominae and Diamesinae (Anderson et al. 2012; Niedrist et al. 2018).

There was limited biomass data available for rivers that had similar community compositions to
the MCR.

The invetebrate biomass was higheat the lower varial zone sampl&vith the leastamount of
dewatering(T3) in springwhile in the fallthe invertebratebiomass was highest at the deepest
permanently submergedone sample(T1).The reduced invertebrate biomasgar the thalweg
in the spring waslikelya result of higher velatiesthat dislodge invertebrates from the substrate

The upper varial zone (T5 and T6) consistently had the ldvegghicinvertebrate productivity
consistent withreduced invertebrate production in varial zones of other regulated rivers (Jones
et al. 2013;Kjeerstad et al. 2098 The frequent daytime and nighime dewatering in theMCR
upper varial zone caused invertebrdtess dueto substrate drying anghotentially to predation

from terrestrial biota (Jones et al. 2013). Substrates didmot remain wetted long enough to
allow for complete invertebrate recovery of rapid-celonizers such as chironomid§derstad et

al. 2018).

Overal benthic invertebrate production metrics were higher in fall compared to sprlhgs
unknown if it is a seasonaffect, or if it is due talifferences in wetted habitat area. In natural
river systems, invertebrate production peaks in early fall (Giller and Twomey 1993), and similar
trends have been reported in the regulatédwer Columbia RivéDlsorrRusselloet al. 2019).
Longer substrate submergence in fall from ALR backwatering likely enhanced invertebrate
production compared to spring.

4.2.1.2.2Composition

The MCRenthicinvertebrate community compaosition was similar to other floegulated rivers
that havelarge dan releasesfrom the hypolimnion The MCRnvertebrate communitywas
consistenly dominated by chironomids, hydrozoansand oligochaetes(Figure 4-9). The
dominance of tolerant invertebrate taxa such as chironomids angbofiaetes are common
downstream of dams (Phillips et al. 2016; Kjeerstad et al. 2@h8pnomid subfamilies found in
the MCR are tolerant of avide range of velocity conditions andoldwater temperatures
(Schmedtje and Colling 199&zczerkowskMajchrzk et al. 201). High abundances of
hydrozoans have been reported upstrediackwateringland downstream(drift) of reservoirs
(Hindle 2018; Schleppe et al. 2019). Similar to the Colorado Ried"iCR hd low EPT richness
and abundances because of thed@ater temperatures resulting from large hypolimnetic dam
releaseqStevens et al. 1997).
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Figure4-9: Boxplots of invertebrate composition metrics byercent abundanceyrouped

by zone and transedor all reach 3 and reach dites sampled form 2002019.

The distribution of invertebrate taxa throughout the MCR were dependent on differences in
substrates, velocityand duration of substrate exposufe@m dewatering Figure4-9). Hydrozoans
and oligochaetescontributed more to the MCR invertebrate community in fall compared to
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spring. More extensive ALR backwatering in the fall provides favourable habitat for hydrozoans
andoligochaetedecause the backwatering reduces @tyg. Hydrozoans and most species of the
oligochaete includindNais sp.have preferences for slower velocities (Schmedtje and Colling
1996).0ligochaetes had higher abundances in backwater areas because of the combination of
lower velocities and finer subrates (Tachet et al. 2010 fall, chironomids were most abundant

in the permanently submerged zone of the MCR and chironomid abundances were lower in the
shallower zones. Chironomids frequently increase with depth in regulated river systems and have
the lowest abundances in the varial zones that frequently experience dewaté&ijeggtad et al.

2018; Jones et al. 2013fror a more detailednalysis of the benthic invertebrate community and
management question #1, please refer to Appendix 4.

4.2.2 MQ2

MQ#2 What is the effect of implementing minimum flowstbe area of
productive benthitabitat?

To address management question #2, a reatte productivity model was employed. The model
usedhourly submergence and exposurepredict periphyton chh and nvertebratedry biomass.
Modelled daily productivityvalues were used to determine the area of productive benthic habitat.
The productive habitat areas for periphyton and invertebratesnpared before and after the
implementation of minimum flows for R3 dnR4 to determine the effect of implementing
minimum flows

4.2.2.1 Periphyton (Chlorophyka)

Minimum flows increased the area of productive periphyton habitat in February,, lsliag
October(Figure4-10). Meanperiphyton productive area was significantly higlaéter minimum
flows were implementedhan it wasbefore minimum flows in both reacheslowever, he mean
productive area of R3 and R4 in July was not significantly higher post minimumbBoasse
annud variations in ALR elevations were more important determinanseoiphytonproductive
area in July than minimum flows. High ALR elevations in the summer months irtresised
habitat area because backwatering exteddhrough R3 and R4 in most yeaysars with lower
July ALR elevatiorsich as 2015 and 201td smaller productive habitat areas compared to
other yearswith minimum flow releases
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Figure4-10: Boxplots of productive habitat area for pgshyton pre (20032010) and post
(20162019) minimum flows.

4.2.2.2 Benthic Invertebrates (Biomass)

Minimum flows increased the area of productiverertebratehabitat in February, Mayluly,and
October(Figured-11). Meaninvertebrateproductive aredn all seasongvere significantly higher

post minimum flowghanit was prior to minimum flows in kb reachesWe expect that minimum
flows had a greater benefit on the productive invertebrate area in the wiritentour reackhwide
productivity has indicated because the winter colonization rates of invertebrates in the MCR are
slower than whatvasused in the model (Doeg et al. 1989). The readde productivity model

for invertebrates used the same colonizatiomei for all seasons because there was a lack of
seasonabata. The colonization curve likely overpredicts the biomass of invertebrates in winter
because chironomids have slower colonization rates in winter.
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Figure4-11: Boxplots of productive habitat area for invertebrate pre (20€2010)
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and post (201e2019) minimum flows.

For additional information pertaining to management question 2, please refer to Appendix 5.
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4.2.3 MQ3

MQ#3 What is the effect oinplementing minimum flows on treeccrual rate
of periphyton biomass the MCR? Is there a Ipiterm trend in
accrual?

TheMCR periphyton accruahte depended on the sum of gains and losses over the time series
sampler deployment periodsChlorophyla was selected as the measure of periphyton
productivity to assess accrual because it is a standard measure of production, it is available for
the longest period in the MCR, and it is highly correlated with abundance and biovolume (e.g.
spring 2019 abundande = 0.85; biovolume &= 0.78).

Accrual samplers were deployed at two key depths to develop better statistical models: the deep
area permanently wetted by minimum flows (T1) and the lower varial zone (T3), located above
the permanently wetted edge, butith frequent wetting. The level of sampling effort was smaller
for time series sampling aimed at developing accrual rates than it was for productivity estimates,
resulting in greater uncertainty that was overcome in part by confining the sampling tmdise
informative T1 and T3 location®e contrasted production in the regularly dewatered varial
zones with production in the permanently wetted zones to address MQ3.

Accrual Overview

Establishment and accrual of periphyton communities in MCR occurrsidwatrates similar to

other large oligotrophic riversOver this 13year study period, MCR periphyton accrual
demonstrated nodinear ratesin responseto high flow events exceeding800 nt/s, gradual
accrual over periods exceeding six montésd diffeent accrual rates with depth and season.
Given its variable operating regime, it is reasonable to expect the MCR periphyton communities
to be in a perpetual state of recovery.

MCR periphyton communities were more dependent upon the overall operating ee(aily,
monthly, and annual patterns of flow release, ALR backwatering) dhahe specific effects of
minimum flow because the entire flow regime determines the wetted edge of the channel during
daytime periods. fie frequency of high flow incidents, gardless of their duration, acted to
reduce the periphyton standing crop. The effect of water velocity declined and the effect of
substrate exposure increased in importanoereas shallower thathe MCR thalweg.

Like other systems, MCR periphyton protian was reduced immediately after the high flows of
the 2012 summer and faleriphyton productivity recovered quickly so that productivity in the
subsequent sampling season was highMCR However repeated flowelated pruning of the
periphyton matsfrom high water velocities and from desiccation have contributed to a
community structureconsisting of low overall productivity contributed by a restricted number of
rapidly reproducing taxa and taxa donated by upstream Revelstoke Resérfaartype of
periphyton community with low density and diversitynslicative of a stressedver system
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Catastrophic drying events had a far greater effect on benthic productivity than physical processes
such as water velocity or light intensity. Like other reshars, we found irreversible periphyton
damage certainly occurred within days and often within hours of substrate expdBoralar

Kunze et al. 2005

Throughout this study and in both reaches, the spring river conditions such as higher peak flows,
low water temperature and short-day length resulted in lower biomass and accruals than were
observed in the fall. l@orophylla productivity was greater in mainstem R3 than in mainstem R4

in both seasons.

Therewere differencesn ring accrual trendbetween T1 and T3, although the differences were
not as apparent in the fall. Additionally, spring-ahdccrual was slower than the fall in both
reaches. Fall trends could not be tested statistically because there were five years ohdata (
minimum ofsixare necessarfor these trend tests).

AccrualRatesPre andPost

Due to cost constraints, physical data were not collected for the accrual (time series) sampler
arrays. In lieu othis data, the mainstem sites sampled fragoring 20112013; 20152019 and

fall 20102014 were investigated for key periphyton drivers including submergence ratio, water
temperature and year reach and site. RF and CART models confirmed that substrate
submergence (total time in water) was an important determinant ofa&cHTART modelling of
submergence ratios for all T1 to T6 samplers indicate that giroductivity benefit from 83%
submergencdime in spring and 77% in fdkee Appendix 6 for modeling detailsgure AS).

Statistical modellig and annual comparisons of enland accrual rates indicatedat substrate
submergencemean water temperaturesannual variability (a composite interacting weather and
ecological conditiong) and maximum velocities were important drivers of periphyton
productivity. Mean water temperature and annual variabillhgcame important drivers of clal
when samplers we submergedfor longer than 650 hours in spring and 860 hours in Fall
maximum velocities were also important in yearBenflows exceeded800 n¥/s. For example,
fall 2012 had the lowest mean periphyton abundance aneacihd it had the highest peak flows
with 27 hours exceeding 1800°m (Figure4-12).

Prior to implementation of minimum flows, the thabg was submerged 88% of the time in fall
and 82% of the time in spring; therefore a loss of periphyton productivity was not expddted.
estimated submergence ratider the thalwegbefore the implementation of minimum flows had
medians of 0.88 in sprirgnd 0.82 in fall; these numbers exceed the CART thresholds, thus a loss
of periphyton productivity was not expecteétatistical models and estimated submergence
ratios indicated dferences in peak flows and water temperatu@e more important
determinarts of accrual rateshan the effect ofminimum flows For the thalwegaccrual rates

were not different pre and post minimum flows because periods of drying were often brief and
occurred most often at night.

Estimated submergence ratios ovfatl andspring 20002019 in the periodically dewatered lower
varial zone were similar before and after minimum flows because operations simultaneously
decreased the frequency of loflows (200 ¢ 400 n¥/s) when the minimum flow regime
commenced.
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With similar submergece ratios under typical operations, we would not expect differences in
periphyton accrual rates in the periodically dewatered lower varial zone following the
commencement of the minimum flow regime.
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Figure4-122  Boxplots of periphyton productivity metrics for Fall T1 samplers at msiam
sites for preimplementation of minimum flows (Pre Min Flow) and post
implementation of minimum flows (Post Min Flow).

Trends in Periphyton Accrual Rate

Accrualrates were highly variable from year to year, particularly in the f&lgure4-13). For
example, accrual rates were highest in fall 2034 in the areas that remained permanently
wetted by minimum flow releases (T1 avg31680.003 ug/cni/day) and in the areas periodically
dewatered during minimum flow releases (T3 avg 0£02Q007 ug/crd/day). Accrual rates were
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lowest in spring 2011 (T1 avg 0.0009 ugitay) and (T3 avg 0.0003 ug/éday). The difference
between highesaind lowest accrual rates over the years of study spans an order of magnitude
Despite this spanl1thalwegsamplers had faster periphyton accrual thanld®er varial zone
samplersin every year and seaspagain emphasizing the overarching importanceufstrate
submergence on periphyton productivity

While therewas no significant trend inongterm (201%:2019) @ring accrual rates at Tar T3
samplers shortterm trends were detectedProductivity was low from 2032012 but high from
20132015 when oprating conditions were atypicaHighperiphytonproductivity was linked to
years with high average hourly flowmsid moderate peak flows. In spring 201fer examplean
increasesubmergence of thepper varial zone effectiveipcrea®gd the area of prodictive MCR
habitat, resulting in higher accrual

Spring Fall
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Figure4-13:  Accrual rates for R4 time series samplers for fall and spring sampling sessions.

Using field datand modelling resultiom this studycombined with other researchwe conclude
that minimum flows are most beneficial to periphyton accrual by preventing catastrophic
desiccatioriosses:

1) in the lower varial area above or adjacent to thetted edge that would otherwise be
exposed to rapid desictian in the absence of ALR backwatering; and
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2) in the thalweg substrate area below theetted edge that would otherwise be exposed
to desiccatiorduring dry weather in summer or winter.

This 13year studydid not detect a significant benefit of minimumofs to periphyton
productivity in the spring and fall sample sessidmswever, benefits may have occurred in the
winter and summer as a response to unique fldriven stressors in those seasorr additional
information pertaining to management questi 3 (MQ3), please refer to Appendix 6.

4.2.4 MQ4

MQ#4 What is the effect of implementing minimum flows on the total
abundance, diversifyand biomass of benthic organisms in the section of
the MCR subjected to the influence of minimum flows? Is there a long
term trend in benthic productivity?

The effects of minimum flow on areas that remain permanently wetted at 14Zsmvere
examined during pre (200Z010) and post (2022014) implementation of minimum flow years.
Invertebrateproductionand diversity metigs were compared at T1 samplers, which were located
closest to the thalweglInvertebrateabundance and biomass the permanently wetted fall T1
samplers were similar before and after the implementation of minimum fl(figure4-14). The
implementation of minimum flows beneét the diversity d the invertebrate community
(measured as effective number of species), but the benefit was dependent on reach and the flow
operating conditions.
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Abundane

MCR fall invertebrate abundance was similar pre and post implementation of minimum flows.
Annual differences in abundances were influenced more by extreme flows and highaAdiR
levelsthan minimum flowsThe mean invertebrate abundanee€T1 samplerpre minimum flows

was 304264 #/basket and 51656 #/baskefpost Invertebrate abundance at the T1 samplers
ranged from 52,620 in fall 2008 and had the highest variation of all fall sampling sesEigusg

4-14). Thelow invertebrate abundance at some sites in fall 2008 was a result of extensive ALR
backwateringALR backwatering caused a reduction in current velocities and less optimal riverine
habitat for invertebratesin fall 2012, the low invertebrate abundancadibiomass were a result

of high flows that likely caused chironomids to be lost due to drift.

Submergence was a top predictor of invertebrate abundaristimated submergence ratios
indicated that short periods of dewateringdid not cause large decreasds invertebrate
abundanceand that submergencetimes above 64% (submergence ratio064) benefited
invertebrate productiongee Appendix migure ASR For the average spring sampling session, a
submergence ratio of 0.64 wasgjual to 700 hours or 29 days of submergeritke most abundant
invertebrates, chironomids andligochaetes, appear to be able to withstand short periods of
mostly nighttime dewatering.

Biomass

Invertebrate biomass at fall T1 samplers were similar teefand after the implementation of
minimum flows Figure4-14). The mean invertebrate biomass pre minimum flovese 10.9+19.4
mg/basketand 11.515.4 mgbasket post minimum flows.The spring and fall RF invertebrate
models indicated that reach differences were more important than the duration of substrate
submergence in determining invertebrate biomakig(re4-15). Reach 3 sites had higher biomass
because the JordaniRr was an important source &phemeroptera taxa through drift (Plewes

et al. 2019). Ephemeroptera taxa caused large increases in biomass because they are much larger
in size than chironomids (Anderson and Lehmkul 1968).
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Figure4-15: RF variable importance plots for spring and fall biomass models.

Diversity

The implementation of minimum flowkenefited the diversity of the invertebrate community
(measured as effective number of species) under typalhloperating conditionsHigure4-14).
Minimum flows provided a smaller range of environmental conditions, including temperature and
velocity, which appeared to facilitate better colonization for a wider range of {abeaite taxa.

The effective number of species increadeonim 2.26+0.90to 3.63+1.71in T1 samplers following

the implementation of minimum flowgFigure 4-14). R4 diversity experiencednly marginal
benefits from minimunflow becausef the high velocities near the thalweg and a limited source
of invertebrates from upstream area¥he benefits of minimum flows on diversion the T1
samplersin R3were only evident during typical operating regimeall(2011 and 2012014),
where peak hourly flows rarely exceeded 1,808

Longterm trends

Longterm trends were not detected for either invertebrate abundance or biomass during the
spring sampling sessions (262019) Figure4-16). Invertebrate abundance was low in spring
2011- 2013 compared to other spring sampling sessi@ing 2014 was not sampled due to
budget constraints and a transition to spring sampling thereafédsundance increased between
2013 and 2015 and remained rgistent from 20162019 (Figure4-16). Above average flows in
spring 2015 caused an increase in invertebrate colonization in the lower and upper varigl zones
which benefitted invertebrate production in 2015 arslibsequetly. The spring RF model
predicted an increase in invertebrate biomass from spring 202818 (data not shown)ut a

large increaseonly occurredbetween 2013 and 2015 at R4 sites. Invertebrate biomass was
relatively similar for all years at R3 sit€sglure4-16).
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Figure4-16: Boxplots of invertebrate production metrics ispringfor mainstem sites.

Longterm trends(2007-2014) were alsonot detected for abundancer biomass in the fall but
shortterm trends occurred in response to flowEigure 4-17). A decrease in invertebrate
abundance between 2011 and 20d2sfollowed by an increase between 2012 and 2014 fali

RF model suggested an increase of invertebrate biornassfall 2010to 2011 (data not show

which was more apparent at R3 sites. Similar to abundance, invertebrate biomass decreased
between 2011 and 2012 and increased from 2012 to 2Gigufe4-17).
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Invertebrate abundance and biomass decreased from 2011 to 2012 but increased from 2012 to
2014. Similar to other systems, the MCR invertebrate production reduced immediately after the
high flows in ammer and fall 2012Hajdukiewicz et al. 2018; Robinson et al. 200)e
invertebrate community recovered the year after because the higher flows in summer and fall
2012 increased drift and wetted habitat area, which provided higher colonization rates. Th
percentage of chironomids in the community was higher after the fall 2012 {leigdire4-17).
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Refer to Appendix 6 for additional results and discussion on the effects of implementing a
minimum flow regime on both permanently submerged and periodically dewatered areas.

4.2.5 MQ5

MQ#5 If changes in the benthic community associated withimum fow
releases are detected, whaffect can be inferred on juvenile or adult
life stages of fishes?

Management question #5 is best addressed Witpue 4-18, whichshows thathe fish food index
(biomass of EPT+@) T1 and T3 for fall invertebrate sampleas highempost minimum flows.
After the implementation of minimum flows, R3 had a mean fish food index of+23.3
mg/basket, compared to 1.552.74 mdbasketbefore the implementation of mininam flows. In
Reach 4, the mean fish food index was {288 mgbasket before and 7.2613.0 mdbasket
after the implementation of minimum flows.

The higher fish food index after the implementation of minimum flows was a result of an
invertebrate communitythat had more chironomids in both reaches and more EPT in Reach 3.
The mean percent biomass of the chironomids was higher in both reaches after the
implementation of minimum flowsHigue 4-18).
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Despite the shifts in the benthiavertebrate community after the implementation of minimum
flowsthe Fish Indexing Progra@LBMORMNL6) whichspecifically assessed the body condition and
growth rates of aduland juvenile Mountain WhitefisiMW) and Rainbow Trout(RT)before and

after theimplementation of minimum flowsdid not detectan effect of minimum flowin those
parameters(Golder et al. 2018)Juveniles were expected to be more sensitive to changes in the
availability of invertebrate fish food because they have more selectets dnd primarily forage

on zooplankton and chironomids (Brown 1972; Oscoz et al. 2005). However, the increases in fish
food availability were likely not large enough to cause increases in body condition or growth rates.
Therefore, we infer the growth rageof juvenile or adult RB and MW will not be affected by an
increased availability of EPT+Blease refer to Appendix 7 for a more detailed analysis of how
the implementation of a minimum flow release affects the availability of fish food organisms in
the MCR.
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6.0 APPENDIX 1. TIMELINE OF CLB&BN
Table A1Timeline and Milestones of CLBMOMNsb 2007- 2019.

Year

Conducted by

Milestones

2007

2008

2009

2010

Golder
Associates

Golder
Associates

Golder
Associates

Ecoscape

Start of Project. Productivitgamplingoccurredin R3 and R4luring
fall (Sepg Oct). Sites includedd 7 at transect positions TAnd T3 in
both reaches for 42¢ 45 days. Samples included periphyt
produdivity, benthic invertebrates and temperature/light data
collection.Transect locations Tdnd T3 were sampled to obtain dat
from permanently submerged and varial zomabitats. Sampler
retrieval ranged from29 - 100% due to line abrasion and flow
Vandalismalsooccurredat sitesR3S2 and R3S1.
Productivitysamplingoccurred in R3 and R4luring fall (Seg Oct).
Sites included ¢ 7 at transect positions T1 arfi@ in both reaches fo
42 ¢ 45 days. Samples included periphyton productivity, ben
invertebrate sampling, and temperature/light data collection. F
stomach smpling and habitat measurements also occurréthnsect
locations Tland T3 were sampled to obtain dafeom permanently
submerged and varial zone habitaSites R3S1 and R3S2 were
located farther upstream due to vandalism in 20@&ampler retrieval
was 43- 100% primarily due to anchor migratiomheincrease in
sampler retrieval success over 2007 was attributed to stronger 1
and placement of sites in lowisk locations. No vandalism occurre
Productivity sampling occurdein R3 and R4 during fall (Se®ct).
Samplers were deployed for 48 days at sites 3, 5and 6 in R3 ¢
sites 4, 5 and 6 in R4 at transect positionss5T$amples includec
periphyton productivity, benthic invertebrate sampling, a
temperature/light dda collection. Ten invertebrate sampling site
were also established RL andR2. Fish stomach sampling and habit
measurements also occurredsampling expanded from transe
locations T1 & T3 to include positionsdI5 to capture productivity
on a graient between permanently submerged and regular
exposecdhabitatsandto increase replicate sampleSampler retrieval
was 60%- 100% primarily due tampering. Anchor migration w
reduced in 200@ompared t02008.

Productivity sampling ocered in R3 and R4 durirthe fall (Sepg
Oct). Sites included 3, 5, & 6 in R3 and Sites 4,5 & 6 in R4 at tr¢
positions T1¢ T6/7 for a minimum of46 days. Samples include
periphyton productivity, benthic invertebrate sampling, a
temperature/lightdata collection.Ten separate time series sample
were also deployed. Natural substrate samplfog periphyton and
benthic invertebrateswas undertaken and drift samples were
collected in R3 and R4 near artificial substrate samplBesich
experimentson periphyton desiccation were also undertakéMater
quality data was collected in Sep 2010. Sampler retrieval was ¢
100%.
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2011

2012

2013

2014

2015

Ecoscape

E®scape

ONA &
Ecoscape

ONA &
E®scape

ONA &
Ecoscpe

Productivity sampling occurred in R3 and R4 during the fallqSep)

and spring (ApMay).Sites included %, & 6 in R3 and Sites 4, 5 &
in R4 at transect positions T4 T6 for a minimum of 44 day:
Additional sampling locations included upstream and downstrear
Jordan and lllecillewaet rivers (JR and IL), Big Eddy (BE), bedroc
whitewater (WW), and ackwater (BW). Samples included periphyt
productivity, benthic invertebrate sampling, and temperature/lig
data collection. Ten separate time series samplers were

deployed during each season. Natural substrate sampling and
samples were collged in R3 and R4 near artificial substrate sampl
and bench experiments on periphyton desiccation were ¢
undertaken. Water quality data was collectedNfay and Sep anc
provided to CLBMONI5a for analysis Sampler retrieval wa82% -

100%.

Productivity sampling occurred in R3 and R4 during the fallqSep)

and spring (ApMay). Sites included 3, 5, & 6 in R3 and Sites 4, £
in R4 at transect positions T4 T6 for a minimum of 44 day:
Additional sampling locations included Hiddy (BE), bedrock (BF
and backwater (BW). Samples included periphyton producti
benthic invertebrate sampling, and temperature/light data collectit
Ten separate time series samplers were also deployed during

season. Natural substrate samgiand drift samples were collecte
and compared with data from artificial samplers. Water quality d
was collected in May and Sep and provided to CLBNI&AN for
analysis. Sampler retrieval was 88%0%.

Productivity sampling ocecred in R3 and R4 during the spring (&p
May)and fall (Sepg Oct). Sites included 3, 5, & 6 in R3 and Sites
& 6 in R4 at transect positions TA1T6 for a minimum of 46 day:
Additional sampling locations included Big Eddy (BE), bedrock
and kackwater (BW). Samples included periphyton productiv
benthic invertebrate sampling, and temperature/light data collecti
Ten separate time series samplers were also deployed during

seasonSampler retrieval ranged fro86 - 98%.

Productivity sampling occurred in R3 and R4 during the fall ¢S
Oct). Sites included 3, 5, & 6 in R3 and Sites 4,5 & 6 in R4 at tr¢
positions T1¢ T6 for a minimum of 46 days. Additional sampl
locations included Big Eddy (BE), bedrodR)(Bnd backwater (BW
Samples included periphyton productivity, benthic invertebr:
sampling, and temperature/light data collection. Ten separate t
series samplers were also deployed during each season. Sa
retrieval was 96%.

Productivity sampling occurred in R3 and R4 during the spring; (
May). Sites included 3, 5, & 6 in R3 and Sites 4, 5 & 6 in R4 at tr¢
positions T1¢ T6 for a minimum of 46 days. Additional sampl
locations included Big Eddy (BE), bedrock (&) backwater (BW)
Samples included periphyton productivity, benthic invertebr:
sampling, and temperature/light data collection. Ten separate t
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2016

2017

2018

2019

ONA &
Ecascape

ONA &
Ecoscape

ONA&
Ecoscape

ONA&
Ecoscape

series samplers were also deployed during each season. Sa
retrieval was 92 100%.

Productivity sampling occurred in R3 and R4 during the spring, (
May). Sites included 3, 5, & 6 in R3 and Sites 4, 5 & 6 in R4 at tr:
positions T1lg T6 for a minimum of 44 days. Samples incluc
periphyton productivity, benthic invertebrate ampling, and
temperature/light data collection. Ten separate time series samp
were also deployed during each season. Sampler retrievabdfas
Productivity sampling occurred in R3 and R4 during the spring; (
May). Sites inclded 3, 5, & 6 in R3 and Sites 4,5 & 6 in R4 at trar
positions T1¢ T6 for a minimum of 44 days. Samples incluc
periphyton productivity, benthic invertebrate sampling, a
temperature/light data collection. Ten separate time series samp
were al® deployed during each season. Sampler retrieval wa:s
100%.

Productivity sampling occurred in R3 and R4 during the spring, (
May). Sites included 3, 5, & 6 in R3 and Sites 4, 5 & 6 in R4 at tr:
positions T1¢ T6 for a minimm of 44 days. Samples includs
periphyton productivity, benthic invertebrate sampling, a
temperature/light data collection. Ten separate time series samp
were also deployed during each season. Sampler retrieval was
94%.

Productivity sampling occurred in R3 and R4 during the spring; (.
May). Sites included 3, 5, & 6 in R3 and Sites 4, 5 & 6 in R4 at tr:
positions T1g T6 for a minimum of 44 days. Samples incluc
periphyton productivity, benthic invertebrate samplingand
temperature/light data collection. Ten separate time series samp
were also deployed during each season. Sampler retrieval was
100%.
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7.0 APPENDIX 2. PERIPHY ERINDINVERTEBRATE SAMPLUWNETHODS

This section provides a detailed descriptioihtlee sampling methodologysed to collectand
analyzeperiphyton and benthic invertebrate data. Additional methods, specific to addressing
each managememjuestion, are presented in the respectim@nagemeniuestionappendices.

7.1 Artificial Substrate Samier Construction and Retrieval

The artificial substrate sampléesignremainedrelativelyconsistent between 2007 2019 with

few minor alterations to address site conditions. Each substrate sampler consistpdritayton

plate and an invertebrate sangr (see Figure 2 in Methods) The periphyton plate assembly

consisted of a 30 cm x 60 cm sheet of open celled Styrofatéached to a waterprofed plywood

surface of the samdimensions usinguct tape.That platewas bolted to a 76 cm x 9dm angle

iron frame that remained stable when laid on thiger bottom. The bottom of the plywood was

painted bright orange so field crews could identify if the plate flipped updaen during

deployment in deeper water. The invertebrate samplers consisted of awideK A O1 Sy 6 ND S j dz
basket measuring 30 cm x 14 cm x 14 cm (planar surface-8r642 nt), similar to that described

by Merritt et al. (1996). The baskets were filled with gravel (size range of 2.5 to 3.5 cm) and closed

shut with cable tiesTypically, asingle artificial substrate sampler consisted of an assembled
periphytonplate attached to a 30 Ib-gronged claw anchofwith ~ 1 m of chaindonnected toa

HNn YZIRAKWEGISNI NRPLIS® ! &aSLINIGS Hp Y okyé RAFYSGS
Al 1oat (in high velocity sites), or an LD2 or LD3 in float (in lower velocity sites). The invertebrate

sampler was connected to the periphyton plate by a carabineer.

Artificial substrate samplers were deploysdasonallywithin the incubation period40 days)
required for attainment of peak biomagRerrinet al,, 2004) and retrieved either by boat, truck,

or on foot depending on site and water lev8lome periphyton and benthic samples were lost
due to equipment failure, anchor mobilization, scour of phyifon plates due to flow or retrieval,

or breaking of invertebrate samplerd summary of deployment and retrieval of spring 2019
samplers is provided imable A2 as this data has not been previously reportétie following
describes the basic procedure used to retrieve the artificial substrate samplers and collect
biological samples between 2007 and 2019. This procedure was based on testing bgtRerrin
(2004):

1. The float line was captured with a boat hook and the floasvisaought orboard the
vessel,

2. The boat moved into position over the anchor while the rope was gathered and coiled
neatly in a bucket next to the gunniloat still attached)

3. The anchor was gently pulled free allowing the basket and plate array tontséhe
water column,

4. Once the sampler array was off the bottom, the boat was allowed to drift and the
samplers were slowly retrieved through the water column to a point where the basket
and plate were suspended just below the water surface alongsidedhg b
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5. A scoop net quipped with 250 um meshet was placed under the baskehe basket
was unclipped from the sampler line, lifted on boaehd placed into a large plastic
bucketpre-filled with river watercontaining a waterproof site label

6. The plate, Ibat line, and float were lifted on boa@hd periphyton samples were taken.

Table A2Summary of artificial substrate sampler deploymeandretrieval in 2019.
Invertebrate Basket

Periphyton Samplers

Samplers
Season Reach Site # #
# Retrieved # Retrieved
Deployed (% Deployed (%
Recovery) Recovery)
Q Site 6 (S6) 6 6 (100) 6 6(100)
) Reach 4 .
g (R4) Site 5 (S5) 6 6 (100) 6 6 (100)
o Site 4 (S4) 6 6 (100) 6 6 (100)
2] Site 6 (S6) 6 6 (100) 6 5 (83)
b4 R‘("sgg‘ 3 Sites (s5) 6 6 (100) 6 6 (100)
7] Site 3 (S3) 6 6 (100) 6 6 (100)
2019Totals 36 36 (100) 36 35 (97)

7.2 Post Processing of Periphyton Samples

Four Styrofoam punches (20£®019; two in 2007 2009) were randomly collected from each
sampler to assess tHellowing metrics:

1. ChlorophyHa (Chla) to give an estimate of live autotrophic biomass;

2. AshFree Dry Weight (AFDW; volatile solids) / total dry weight to give an estimate of the
carbon component (Stockner and Armstrong, 1971);

3. Taxa and biovolume to\g an accurate estimate of live and dead standing crop (Wetzel
and Likens, 1991); and

4. A second sample was frozen as bapkin case a sample was damaged.

At the time of collection, Styrofoam punches were placed inlgbeled containers and stored on
ice in the dark until further processingne 6.6 cripunch was frozen and deliveredtioe Cultus
Lake DFO Lal2@07 ¢ 2012) orCaro Analytical Labs in Kelowr2C (2013 ¢ 2019) for the
processing of lowdetection limit fluorometric chl analysigNusch,1980; HolmHansenet al.
1965) A 56.7 cripunch was chilled and transferred to Caro Lab&elownaBC for analysis of
dry weight and ash free dry weigt2010¢ 2019) The remaining 6.6 chpunches were used for
taxonomic identification that was complateby H. Larratt, with initial QA/QC and taxonomic
verifications prowded by Dr. J. Stockner between 2012019, and by D. Dolecki of Invertebrates
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Unlimited, Vancouver BC between 20009.Chilledsamples were examined within 48s for

protozoa and dber microflora that are difficult to identify from preserved samples. The final

LlJdzy OK ¢ & LINBASNIBSR dzaAy3d [dzA2f Qa az2fdziazy | yR
biovolume measurements could be taken. Species cell density and total biovolumeegerded

for each sample. A photograph archive was compiled from MCR samples. Detailed protocols on
periphyton laboratory processing are available from Larratt Aquatic.

7.3 Post Processing of Invertebrate Samples

The invertebrate basket was opened in a @algiclet by clipping the closure ties. Individual rocks
from each basket were scrubbed with a soft brush to release clinging invertebrates. Washed rocks
were then rinsed in the sample water before being placed back in the basket and stored for re
use in fuure years. The contents from each bucket were then captured on a 250 pm sieve, rinsed
into pre-labeled containerspreserved in 97%thyl Alcohol (201@, 2019) or10% formalin(2007

¢ 2009) and labeled for delivery tthe lab (Cordillera Consulting, Surartand BC 201Q 2019

and Invertebrates Unlimited, Vancouver BXD07 ¢ 2009). At the lab, contents were passed
through a 250 pum sieve tgield a macrobenthos fraction (>1 mm) and a microbentfrastion

(<1 mm and >250 pm)n this process, all animals veepicked from twigs, grasses, clumps of
algae, and other debris and were returnedad mm sieve. Microbenthos was split into 4 to 16
parts using a large plankton splitter. Ssdmples of microbenthos were enumerated until 200
animals were counted. If thhe were 200 animals or less part way through the sorting of a sub
sample, that sulsample was sorted in its entirety. If the estimated abundance of animals in the
macrobenthos fraction was less than 200 animals, that fraction was enumerated in its erlfirety
there were more than 200 animals, the subsample was partitioned in a level tray into four equal
parts. Animals were enumerated from successive-samples until 200 animals were counted.
Subsample counts were extrapolated to the total sample. The glantount was the sum of
microbenthos and macrobenthos in the complete sample. The animals were identified to genus
or lowest reliable taxonomic level using keys from Edmondson (1959), Merritt and Cummins
(1996), and Pennak (1978pm 2007¢ 2009 andThe Standard Taxonomic Effort lists compiled

by the Xerces Society for Invertebrate Conservation for the Pacific Northwest (Richards and
Rogers 2011)in 2010- 2019 A reference sample was kept for each unique taxon found. A
sampling efficiency of 90% was dser benthic invertebrate identification and was determined
through independent sampling. Numerowther identification keys were referenced in the
identification of benthic invertebrate taxa and a partial list of references is provided in Schleppe
et al. (2012). Species abundance and biomass were determined for each sample. Biomass
estimates were completed using standard regression from Beilg. (1999) for invertebrates

and Smock (1980) for Oligochaetes

7.4 Artificial Substrate Sampler Assumptions
Assumpions made in the preparation of this assessment:

1. Erosion of communities along the edges of the artificial substnaee negligible. The
effects of edges on the artificial substrate, such as the edge between tape adhesive and
artificial Styrofoam samplon substrate, were considered in the same manner. Visual
observations of periphyton growth on the samplers support this assumption but we do
not have empirical data to support it otherwise.
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2. Grazing invertebrates were randomly distributed over the artifisiddstrate within and
between all sites. It is acknowledged that invertebrates may spend much more time along
the edges of the substrata and that grazing effects could be greater along the edges.
However, the density of invertebrate grazing on samplesiliscensidered small when
compared to each sample as a whaleducing any potential data skewing effects that
may result from invertebrate graze. Further, it is probable that invertebrate distributions
around plates were clumped, reducing the potent@l éffects across multiple replicates.

3. Attificial substrates do not bias results toward a given algal taxa, nor do they bias towards
taxa which are actively immigrating. However, data is presem@@11 reporto address
potential biases of the artificisubstrates, as compared to natural substrates. The intent
is to understand how, if at all, periphyton production is altered on artificial substrates
compared to natural substrates.

4. The assessment was not intended to specifically address immigratioghghgpl or any
other aspects of the periphyton community. Thus, artificial substrate samples that were
obviously biased due to sloughing from rock turnover, etc. were excluded from collection.
This was a field decisiaiat was easy to make because largeulnters rolling over
artificial substrates left distinct trails of compressed Styrofoam. This field decision slightly
reduced the potential area available to sample, but we do not suspect that it biased the
results. It is acknowledged that substrate mopilis an important component of
periphyton production, particularly periphyton drift, in the MCR.
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8.0 APPENDIX TONTEXRIVER FLOWNDPHYSICAPARAMETERS

8.1 Introduction

This appendix provides a more detailed summary of REV discharges during the spring and fall
sampling sessions, pre and post minimum flow conditions, and highlights other confounding
factors such as annual variability and ALR backwatering.

8.2 Methods

Submergence ratios were estimated to examine the effect of minimum flows on areas that
remained permanently wetted by minimum flow and areas that became periodically dewatered
by minimum flow relasesHourly discharge data from the REuringhypotheticalspring (April

10" to May 23") and fall(September 9 to October 2%') deploymens were used to estimate
submergence ratiobetween 20002010 for the permanently wetted zone and between 2000
2019 for the periodically dewatered zon8Bubstrate exposure was assumed for flows under 142
m¥s in areas permanently wetted by minimum flows and 40&/smin areas periodically
dewatered during releases.

8.3 Resultsand Discussion

Productivity sampling occurdeduring spring (~April 0¢ May 23") and fall (~September™X
October 28'). Hourly flows during these time periods were compared for 11 years pre minimum
flow (20002010) and 9 years post minimum flow (262Q19) to better understand the rangs
spring and falloperations.Severalpre-minimum flowyears had spring median hourly flows that
were higher than most postears Figure AL In the fall, the median flow did not exhibit a
discernible pattern between preand postyears Figure A2 This indicates that although the
predicted trends of a increase in frequency of high flows and an increase in average daily
discharge during low demand periodsay have occurred, they were not substantiabegh to
result in distinct differences between pre and post median hourly flows.
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Spring
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B3 2002 B8 2005 BH 2008 EH 2011 B 2014 BEF 2017

Figure A1  Boxplots of hourly flows from Revelstoke Dam fror8pring (April 10"- May 25", pre-
implementation of minimum flows (Pre Min Flow) and po#tnplementation of minimum flovs (Post Min
Flow).

Fall

N
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Flow (m°/s)

Pre Mi;w Flow Post M[in Flow

E3 2000 B3 2003 B8 2006 EE 2000 EE 2012 EF 2015 B3 2018
Year ER 2001 EZ 2004 EE 2007 EH 2010 EF 2013 B3 2016 EF 2019
E3 2002 ER 2005 B8 2008 BE 2011 B3 2014 EF 2017

Figure A2  Boxplots of hourly flows from Revelstoke Dam frofeall (September 9th October 28), pre-
implementation of minimum flows (Pre Min Flow) and postnplementation of minimum flows (Post Min

Flow).
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Hourly flows and ALRvater levelsdetermine the wetted history of substrates in the MCR.
Submergence; the overflow of substrates with wateg is a critical component in benthic
productivity. A submergence ratio of 0 indicates no inundation of water and a submergence ratio
of 1 indicates thasubstrates wereovered with watethroughout the entire deployment periad

The submergence of substrates for two key areas of the river channel, the thalweg and the varial
zone, were determined for both pre and post minimum flow years during the spumuigfall
productivity sampling sessions. It was assumed $iéstrate dewatering occurred the thalweg

and varial zone foflows less than 142 #fs and 400 s, respectively

Before the implementation of minimum flows (20Q@2010), the submergencetio of the river
thalweg was estimated for a 4day period in the spring and a 4lay period in the fallRigure

A3). The median submergence ratios were 0.88 and 0.82 for spring and fall, respectively. The
range of submergemcwas 0.65 (Spring 2003) to 0.94 (Fall 2007), illustrating substantial variability
between years. Thesestimatedsubmergence ratios do not account for possible backwatering
that can occur from ALR. This complicating factor is discussed further in sebhseguations.

0.94

0.84

Estimated Submergence Ratio

0.7

Spring Fall
Season

Figure A3 Boxplots of the estimated submergence ratio of the river thalweg in Spring and Fall (ZID)
for reaches 3 and 4before implementation of minimum flows.

Estimated submergence ratios in periodically dewatered areas were compareck lzfdrafter
the implementation of minimum flowsFor spring, the median submergence ratio after the
implementation of minimum flows (0.46; 2022D19) was lower compared to before (0.54; 2000
2011).Spring 2015 had a very high submergence ratio of 0.93 aoedo all other spring periods
before and after the implementation of minimum flow.
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Figure A4 Boxplots of estimated submergence ratio of areas that are periodically dewatered for Spring and
Fall 20062019.

In fall, the estimated submergence ratios in periotlicalewatered areas before and after the
implementation of minimum flows were comparabldure A% The median submergence ratio
for fall 20002010 was 0.64, whereas the median submergence ratio for fall-201® was 0.67.
The range of estimated submexngce ratios was wider before (0.8491) the implementation of
minimum flows than after (0.40.81).

8.3.1 Fall and Spring Sampling Session Flows

Mean hourly flows in the MCR followed a highly variable but predictable pattern during the spring
(~April 10" ¢ May 23") and fall (~September™d; October 26" productivity sampling sessions
(Figure AmandFigure A®. Flows werenhighest between 7:00 and 21:00, with periods of low flow
typically only occurringetween 24:00 and 5:00. Thelietween periods consisted of ramping up

or down from the peak daily flow.

Annual variability in the mean hourly flow during the spring and fall sampling sessions was also
evident Figure Atand Figure A% In the spring before establishment of minimum flows, 2008
was the only yeawith mean hourly flows below 142 #s (Figure A%. In the fall, all years (2008
2010) had mean hourly flows below 142/s(Figure A§. Duringfall 2007, the hourly mean flows
were well above 142 #fs, but not as high as post minimum flow years

Dam operations were variable in fall deployment sessions. Fall 2007, 2042012 had higher
hourly mean flows froni0:0020:00 compared to other fall deployment periodsdure Ap. Fall
2010 had lower hourly mean flows from 8:20:00 compared to other fall deployment periods.
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The fungal/bacterial black coloration on substrates observedeach 4 was indicative of a low
water year in fall 2010.

Dam operations were also variable in spring deployment sessions. Spring 2015 had higher average
hourly flows compared to all other spring sampling sess{&igure A% Spring 2017 and 2018

had higher mean hourly flows compared to spring 2@013, 2016, and 2019. Higher peak hourly
flows in spring 2017 and 2018 were associated with above average snowpack levels. Mean hourly
flows were lower in spring 2019 compared to ettspring sampling sessions.

Theannual variability in flows was not always consistent or typical of the miniftawnoperating

regime it had a substantial effect on benthic productivity and confoeddwvhether or not
minimum flowsbenefited benthic production.

Spring

1250 A

Year
— 2007
— 2008
2009
— 2010

1000

750 - — 2011

— 2012
2013

— 2014
500

Mean Flow (m3/s)

— 2015

2016
— 2017
2501 — 2018

2019

0 5 10 15 20
Hour

Figure A5 Summary of mean hourly flows during the spring sampling period for all years of the study. The
horizontal dotted line indicates the minimum flow of 142 m3/s.
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Figure A6 Summary of mearhourly flows during the fall sampling period for all years of theusly. The
horizontal dotted line indicates the minimum flow of 142 m3/s.

Peak hourly flows can cause shearing of algae and loss of benthic invertebrates through drift
whichultimately can change the benthic community composititue toa greater loss aspecies

that are morphologically more susceptible to high flows. The number of hours over 1880 m
was calculated for each deployment period. Peak flows rarely exceeded 13€@uming most

fall and spring sampling sessioi@ple A} but did so irfall 2012for 27 hoursand spring 2018

for 40 hours.The maximum flow in fall 2012 reached the capacitiR&lV5
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Table A3Summary of minimum and maximum hourly flows for spring and fall deployment periods.

Year Season Minimum Maximum Hours under 142 ris Hours over 1800 His
2007 Fall 0.00 1,689.04 119 0
2008 Fall 0.00 1,724.17 218 0
2009 Fall 0.00 1,588.36 280 0
2010 Fall 0.00 1,591.74 201 0
2011 Fall 150.56 1,948.57 0 2
2012 Fall 154.46 2,160.58 0 27
2013 Fall 15368 1,677.80 0 0
2014 Fall 152.38 1,866.69 0 4
2011 Spring 145.38 1,677.77 0 0
2012 Spring 127.72 1,725.88 1 0
2013  Spring 150.07 1,810.06 0 1
2015 Spring 156.91 1,705.20 0 0
2016 Spring 159.84 1,680.20 0 0
2017 Spring 141.64 1,529.40 2 0
2018  Sprig 1.79 2,187.97 3 40
2019 Spring 163.95 1,673.39 0 0

8.3.2 Velocities

The maximum velocities were predicted for each spring deployment period in Plewes et al. (2019)
andaredisplayed irFigure A7 Maximum velodies of R3 samplers were lower than R4 maximum
velocitiesof samplersin R4, the maximum velo@s were highest near the thalweg Bt (Plewes

et al. 2019). Spring 2018 had the highest maximum velocities in both reaches and was the only
spring deploymenperiod that had flows at the capacity BEVZTable AJ3.
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Figure A7  Predicted maximum velocities for spring samplers from 262019.

8.3.3 Arrow Lakes Reservoir Elevations

TheArrow Lakes ReservdiALR) is situated betwedhe Revelstoke (REV) and Hugh Keenleyside
(HLK)Dams. ALR water levels are controlled by thdLKnear Castlegar, British Columbi&/hen
flows are held back at HLK, ALR walevelsincrease and backwater into the MCR study area.
Water levelsgreaterthan 432 m.a.s.l., resulted in the backwatering of R3, #mode than 436
m.a.s.l. backwatered into both R3 and R4. During spiomger water levels ilALRresulted in less
backwatering in theMCR Figure A3 HLKDam operatios producedvariablewater levels in the
ALRduring the fall deployment sessions. High AldRer levelsin fall 2008 and 2011 resulted in
backwatering through all of R3 and parts of Rigjgre A3.
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Figure A8  Backwatering of Arrow Lake Reservoir (ALR) into the MCR Reach 3 (R3) and Reach 4 (R4). The
vertical axis shows elevations in the normal operating range of ALR. Light grey shading denotes when R3
was backwatered; dark grey shading denotes when R3 and R4 were backwatered.

8.3.4 Water Tenperature

Daily variations in MCR water temperature are most affected by the temperature/flow of
tributaries and by Revelstoke Reservoir conditions upstrélamnratt et al. 2013; OlseRussello

et al. 20B). Mean water temperatures in spring deployment s varied more than those
during fall deployment periodé/lean water temperatures in fall 2012014 ranged from 10°C

to 11.1°C Figure A%and spring mean water temperatures in the same years ranged &afcC

to 6.7°C Figure A1D Spring water temperatures exceed&8Cin 2013, 2015 and 2016ut were
closer to 4°C in 2011, 2012, and 2e201.9.
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8.3.5 Summary

Annual variation in operations resulted in large differences in submergence and maximum
velocitiesfor some spring and fall sampling sessiohable Adsummarizes operating conditions

that wereatypical for the MCR in fall and spring. The Alafer levelsn fall 2008 and 2011 were
higher than other fall sampling sessions. Extensive backwatering caused an incredosgratesu
submergence and a reduction in velociti&ore submergence near the thalwesrcurredin fall

2007 compared to other fall pre minimum flow years because fall 2007 had the lowest number of
hours underflows of 142 n¥/s. Fall 2012 and spring 2018 exi@nced high hourly peak hourly
flows that resulted in high maximum velocities. Higher mean hourly flows in spring 2015
compared to all other spring sampling sessions resulted in increased submergence throughout
the varial zone of the river.

Table AdSummary ofspring and fall sampling sessions that had atypical operating conditions.

Deployment Season

Period Spring = Atypical Operations

2007 X qu # of hours below
min flow

2008 X Extensive ALR
backwatering

2009 X

2010 X

X X ExtensiveALR

2011 backwateringF)

2012 X X High peak hourly flows
Q)

2013 X X

2014 X

2015 X High mean hourly flows

2016 X

2017 X

2018 X High peak hourly flows

2019 X
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9.0 APPENDIA. MQ #1

9.1 Introduction

This appendix further addresses management question #Here ag no specifiqiypotheses
associated with this question

MQ#1: What is the composition, distribution, abundanaad biomass of
periphyton and benthic invertebrates in the section of MCR subjected
to the influence of minimum flows?

9.2 Methods

Periphyton andbenthic invertebrate samples were collected using methods described in
Appendix 2The compositiorand abundancef the periphyton communitwas determined from

algal cell counts by species from periphyton that was removed &&tyrofoam punchaken at
eachsite and transect depthising a fine spray from a dental cleaning instruméptaying was

done within an enclosed chamber to avoid loss of cells. The removed biomass was washed and
concentrated into a Utermohl chamber. Contents were allowed to séittbe chamber over 24
hours.For each transect, cells were counted using a Carl Zeiss inverted microscope at 500x mag.
Only intact cells containing cytoplasm were counted. A minimum of 100 individuals of the most
abundant species and a minimum of 300steital were counted per sample. Cells of filamentous
taxa were separated from counts ohicellular taxa.

Biomass of benthic invertebrate genera was determined using Zoobbiom Version 1.3 (Hopcroft
1991). The digitizing system included a dissecting mompe, drawing tube, digitizing
SummasSketch Il tablet with a cresair mouse equipped with a diode, and the digitizing program
used to process the data. The software was customized for select genera and consequently
specific measurements were requiredrfeach taxon. Biomass was determined from single
measurements of individuals with straigbhaped bodies whereas multiple measurements were
made along a curve for organisms with bent bodies. The drawing tube transferred a point of light
emitted by a diodeon the mouse and made it appear on the image viewed through the
microscope. When the images of the diode and the organism overlapped, the cursor button on
the mouse was clicked. The coordinates from the digitizing tablet were converted to length by the
prod N} Y® LYRAGARdzZ f A3Q 0A2 Y|l ath-Geightde§rdsBionS(BenkeY I 1 SR K
al. 1999, Smock 1980). Up to 25 random length measurements per taxon were taken per sample
and the final biomass was expressed in mg/sample.
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9.3 Dataset
Table A5Datasets ued in the analysis of management questiod #

Name Data Source/Description Years Obtained

Light / Water Temp Data collected at each productivit Fall 20072014, Spring 20:2013,
sampler during each deploymer 20152019 (Temp)
session Fall 20162014, Spng 20112013,

20152019 (Light)

Periphyton Data collected at each productivit Fall 20072014, Spring 20:2013,
sampler during each deploymer 20152019
session.Data included abundance
chlorophylta, biovolume and
associated taxonomy
metrics. Additional metrics
described in Table A8 were
calculated.

Benthic Invertebrates Data collected at each productivit Fall 20072014, Spring 2012013,
sampler during each deploymer 20152019
session.Data included abundance
biomass, and associatgdxonomy
metrics. Additional metrics
described in Table A7 were
calculated.

Hourly Discharge at Revelstoke Deé Data obtained from Poissol 20002019

(REV) Consulting

Hourly Air Temperatures fron Data obtained from Environmen Fall 20162014, Spring 2012013,

Revelstoke Aport Canada 20152019

Table A6Metrics derived from datasets iTable A5
Variable Definition

Total time submerged divided by duratiof

Submergence Ratio deployment

Average temperature of the water for the duration

Mean Water Temperature While Submerged
of deployment

9.4 Analyss

The metrics inTable A7and Table A8were calculated tdoetter understam invertebrateand
periphyton productivity and community compositionDescriptive summary statistics that
summarized the distribution of each invertebratad periphytommetric were calculated to better
understand the range of productivity in MCR. Tagawere grouped byseasondominant habitat
type, and reach. Graphs were created to summairizertebrateand periphytongrowth metrics
andcommunitycompositionwithin these groupsAdditional metrics to better understariokenthic
invertebratecommunitycompositionincluded EPT, chironomid aligochaeta taxaichness

To better understand factors that influence the periphyton community composition in the, MCR
Classification and Regression Tree (CAROels were run for percent planktic and low profile
guilds.The explanatory variables used for CART models included reach, mean water temperature,
submergence ratio, and year. The CART models used R package rpart verélrihérneau
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and Atkinson 2019whileggparty version 1.0.0 was used to visualize @ART models (Borkovec

and Madin 2019).

CART models do not make assumptions about data distribution and can handle nonparametric

REGF FYR AYGSNI OGAz2ya

0 S 6 S Sy u§ Pool) CART iditRINE T NA |

partitions the data into tw groups based on a split point and splitting variable that minimizes the

adzy 2F aljda NBa 2F GKS NBalLkryaS GFENARIFIofS 2F SI OK
2001). A recursive algorithm is used to search through every possible combinatixplariatory

variables and values to determine the best splitting variable and split point (Hastie2&04l).

The CART algorithm continues to make binary splits at each tree node until a stopping criterion is

reached (Jua2013).

Table A7Responses for Benthinvertebrates.

Variable Description
Total Abundance Total Abundance across all species
Total Biomass Total Biomass across all species

Percent EPT

The percentage of Ephemeroptera, Plecoptera, and Trichopt

based on abundance

Species Richness Number d unique species

Percent Chironomidae The percentage of Chironomids based on abundance
Percent Oligochaeta The percentage of Oligochaetes based on abundance
Percent Hydrozoan The percentage of Hydrozoan based on abundance

Table A8Responses fdPeriphyton

Variable Description

Total Abundance Total Abundance across all species
Total Biowolume Total Biwolumeacross all species
Ch|orophy|.|a Density of Chlorophyth

Species Richness Number of unique species

Effective Number of Species

A measure of commiuity diversity that is the € S= Shannon
Wiener index.

PercentHigh Profile Guild The percentage dfigh profile guildbased on abundance
PercentLow Profile Guild The percentage dbw profile guildbased on abundance
PercentMotile Guild The percentag of motile guildbased on abundance

Percent Planktic Guild The percentage of planktic guild based on abundance

The benthic invertebratand periphytonsampling desigulid not include true replicatesThere
waspseudoreplication among benthic invertelte and periphytorsamples. The level of pseudo
replicationwasdifficult to determine butexpected tooccur at thesample levebetween sampling
sessionsand could occur at thesite level.The statistical tests used assumed that samples were
not indepencnt of one another at a site within a given year. It was assuthatlbecause of
different RE\bperatingconditions samples were not pseudeplicated in different years.

Spring andfall invertebrate and periphyton metrics were compared to determine seab
differences in abundance, biomassi\d community composition of invertebrate and periphyton.
A Wilcoxon signed rank test was performed because the invertebrate metrics could not be

72| Page



Middle Columbi&River
Ecological Productivity Monitoring
Final Report

transformed tomeet the normality assumptions dd paired ttest. The paired Wilcoxon signed
rank testwas performed with sample pairs frofall andspring 20112013 for the invertebrate
metrics of abundance, biomass, percent Chironomidae, percent Oligochaeth percent
HydrozoanLikewisethe sample pairs frorfall andspring 20112013 for the periphyton metrics
of abundance, biovolume, chlorophy] percent low profile, percent high profile and percent
motile guild were compared using the pairédicoxon signed rank test.

Differences in the distribution of invertebraseand periphytonacross the river channetere
explored statistically and visuallyrough graphsThenon-parametricFriedman rank sum te$br
un-replicated block datawas used because the invertebra@nd periphyton community
composition and productiwt metrics did not meet the assumptions fooae- way ANOVA with
repeated measures testThe invertebrate and periphyton retrics were compared between
transects (T4T6)using the combination of season, yeand site as the blocking variable. Only
seasonyear, and site combinationsith complete datasets could be included in this analy=is.
invertebrateand periphytormetrics that had significant differences across transahtsConover
post-hoc testwas usedo determine pairwise differences.

9.5 Results

9.5.1 Periphyton

Inconsideringall 13years of this study, diatoms accounted for over 90% of the biovolume in both
seasons and botheaches The dominant MCR diatom species were either the low profile guild
rapid colonizing diatoms with firm attachment stegies or large planktonic guild taxa imported
from Revelstoke Reservoir that adhered to the periphyton bicilreen algae accounted for
<10% overall, flagellates for <3% and cyanobacteria for <1%. With a mean taxa richi2€ss of ~

6 over all yearsspecies richness in the MCR was lower than is typical for unregulated large rivers
of similar latitude.

Increased fall filamentous green algae growth was observed in R4 and R3 after 2010 under the
new flow regime. Filamentous growth in the Readt he edge of the permanently wetted and
lower varial zone (TZ4)may continue to gradually increase over the years since minimum flows
were implemented. Filamentous green algae were also prevalent in the springeg@dBzamples

but uncommon (>4% abundancedhhiovolume) during all subsequent spring sampling sessions
(Figure A1L
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Figure A11 Percent Filamentous Green algae by biovolume for all sites fall 20004 and spring 2012013,
20152019.

A key aspect of MCR flow regime affecbgtboth BC Hydro releases and by watershed hydrology

is backwatering of Arrow Lakes Reservoir (ALR). This seasonal water cover reduces desiccation on
riverine substrates that would otherwise be exposed by low flow releases, particuldaly amd

in R3 The Reach 3 upper varial zone is the most variable region for periphyton productivity in the
MCR. With continuous backwatering, it can exceed the productivity of deeper areas but in seasons
without backwatering, it can have minimal productivigor examp, with backwatering, upper

varial zonebiovolume increasedby ~192%from fall 2011 to fall 2013, resulting in far greater
periphyton growth throughout the R3 upper varial zqikégure A12

Periphytoncommunity compaosition ithe R3 upper varial zone whkessvariablethan productivity

in both seasondifferences in the percent guild metrics in the R3 upper varial were likely a result
of different extentsin ALR backwatering Fall. ALR backwatering in R3 was minimal in Zad!3
compared to other fall sampling sessioNinimal backwatering ifrall 2013ikely contributed to

a higher percent motile guild in the Rppervarial zone compared to other fall sampling sessions
(Figure A13
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Figure A12 Upper \arial zone (T5,T6) periphyton productivity in R3, 206®019 by year and season. All
sampling periods were affected by some backwatering except Spring and Fall 2013.
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Figure A13 Upper varial zone (T5,T6) periphyton taxa composition as percent abundance in R8,(22019
by year and season. All sampling periods were affected by some backwatering except Spring and Fall 2013

In most years, eithefall or spring were sampled but in 2011 through 2013, both seasons were
sampled The pairwise test between sample pes from fall and spring 20112013 sample
sessiongonfirmed that fall had significantlyreater periphytonabundance, biovolumeand chi
a compared to spring (p<0.00@Higure A1 Fallproductivity metrics were almost doublehe
spring metricsStatistical modelling indicated that the important drivers behind the greater fall

76| Page



Middle ColumbidRiver

Ecological Productivity Monitoring
Final Report

periphyton productivity and diversitywere flows (lower water velocitiesgreater backwatering
andwarmer water temperaturesGreaterfall productivity @curreddespitereceivingfewer hours
(600-1000)over the 10 photons/fisec photosynthetic minimum thresholcompared tospring
(500-1450 (Plewes et al. 2019).

The threetrue periphytonguilds (motile, high profile, low profile) were not significantlyfdrent
for the spring and fall 2022013 sample pairgFigure Alh For periphyton,community

composition was more stable than productivity metrig&e low profile guild taxa were prevalent

in both spring and fall with mean psentages o#4+20% and 3+19%, respectivelyThemean
percenthigh profile guildvas 26+15% in spring and 30+18% in Tdde motile guild was the least
common guild in MCR with mean percentages of 6.7+7.2%llimand 8.8+9.8% ifpring.
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Figure A14 Boxplots ofperiphyton production metrics for all MCR sites sampled from 262719
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Figure A16 Boxplots of periphyton percent planktic guild by percent abundance andeefive number of
species for all MCR sites sampled from 2e2019.

Didymowas minimal<0.01% biovolume) in some spring sample sessions (e.g., 2017 and 2018),
but other spring samples had significant Didymo growth (8% biovolume in 2016 final year

of this study,spring 2019 ha®% biovolume of Didymd/Vithin a give year, the distribution of
Didymo was patchy. For exampsamples fromspring 2013ransects and siteeanged from 0
82%by biovolume

The Fall CART model showed that Didymo requinbthergenceratios greater than 0.98-igure

Al17). Node 5 had the highest mean percent Didymo and included sites from fall 2011 and 2013.
Reach 3 upper varial zone sites in fall 2011 had high percent Didymo due to the extdriRive A
backwatering. Didymavas prevalent in fall 2013 at Reermanentlysubmerged samplers. Fall
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2013 had low peak hourly flows compared to other fall sampling sessions.
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Figure A17 Fall CART model for percent Didymo by biovolume for all mainsterT& kites.

To asess the distribution of periphyton across different habitat types. The periphyton
productivity and composition at Bnstem sitesBig Eddy (a large, deep eddy pool), bedrock units
(immovable rock surface), backwater sites (altered flow pattern, low itgjpand whitewater

sites (high velocitywvere comparedFigure A1B As with mainstem sites, productivityetricsfor

all substrate unitsvere generally higher in the fall than in the sprifigigure A18 Of the three
habitat types in R3, the mainstem sites had similar productivity to R4, but Big Eddy was more
productive than the mainstem substrates, and the backwater substrates were less productive
overall Figure A18

The mean percent of each ecological guild was similar among habitat substrate units. However,
the low-profile guildat mainstem sites varied highly and randgeasm 4-94% in spring anftom O-

87% in fal(Figure A1® Small diierences in the proportion of ecological guilds existed between
some habitat substrate units. For exampigainstem substratebad morehigh piofile taxa while
bedrockhad morelow profile guild. These ecological preferendigsly reflect water velocity
differences in the water layer immediately adjacent to the substrates. Similarly, R3 substrate
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habitats were dominated by percent high profile guild with a greater proportion of the motile taxa
in the sandy backwater areas. Tlogv-profile guild is bettersuited to high water velocitiesvhich
may explain its prevalence 8oring high flows(Figure A1

Many growth metrics were higher in Reach 3 than Reach 4 over the years of study, depending on
factors including flows, backwating, and weather. Whenall spring sample sessions were
compared by reach, R3 h2d% higher cell abundanc&4% more biomassand55% higher cha

than R4 averages. When all fall samples were compared, R3 had the same abundance and
biovolume as R4, bitad41% higher chl thanR4. Thus, spring was the season with the greatest
difference between R3 and R4 periphyton productivity.

Substrate changes between R4 and R3 were reflected in shifts among periphyton dominants. For
example, species that were plaokic or adherent (nommotile) were more common in R4
samples (e.gSynedra ulna, Achnanthidium minutissimavhile species that were stalked or
motile increased in R3 samples (dbidymosphenia geminata, Navicula spfhese taxa changes

were likely driven by substrate changes. R3 has greater sand concentrations, while R4 has more
cobble and bedrock.Although species composition changed between reaches, overall species
diversity was stabléFigure A2 The effective speciasumber for all spring and fall sampling
sessions was 8.82.44 in R3 an8.04+2.46 in R4.
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Figure A20 Boxplots of periphyton percent planktic guild by percent abundance and effective number of
species grouped by habitat type for all MCR sites sampled from 2B0Y9. Main sites were sampleiadr all
years and all other site types were sampled less frequently. (Mainstem Fall n=276 Spring 284; Big Eddy Fall
n=17 Spring=13; Bedrock Fall = 24 Spring = 24; Backwater Fall = 15 Spring = 9; Whitewater Fall = 0 Spring =
2)

Changes in griphyton prodictivity between transect positios correspond to substrate
submergence timeand secondarily to irradianceAll periphyton production metrics were
significantly different irspring andfall across the river channel (TB) Table A9. Spring cha

and biovolume showed a similar pattern across the river channel, @hiledance had a slightly
different pattern DeeperT1-T3samplers had significantly higher €h&nd biovolumethan the
shallow varial zong&@4T6samplersin SpringTable A1 Chiaand biovolumewere similar from

T1 through T3, thedecreased from the lower to upper varial zone{ll&® and these differences

were statistically significanfTable A1Q Periphytan abundance in the spring was significantly
higher at T2 compared to all other transects. T1 and T3 had comparable periphyton abundances
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(T=0.01. p=0.92), whereas abundances were significantly different {66.TUike biovolume and
chla, abundances decased from T4T6.

Table A9Friedman test results comparing periphyton productivity metricsee Figure A2lbetween
transects using site, season and year as blocking variable.

Metric Season Statistic Pvalue

ChlorophyHa Fall 57.200 <0.001

ChlorophyHa Spring 106.000 <0.001

Total Abundance Fall 39.100 <0.001

Total Abundance Spring 92.200 <0.001

Total Biovolume Fall 40.200 <0.001

Total Biovolume Spring 92.300 <0.001

Table A10 Posthoc ConoverTest for Spring periphytorproductivity metrics that had significant
differences.

Metric Transectl Transect T stat Pvalue
ChlorophyHa T1 T2 1.804 0.078
ChlorophyHa T1 T3 2.105 0.042
ChlorophyHa T1 T4 7.417 <0.001
ChlorophyHa T1 T5 20.649 <0.001
ChlorophyHa T1 T6 26.963 <0.001
ChlorophyHa T2 T3 0.301 0.764
ChlorophyHa T2 T4 5.613 <0.001
ChlorophyHa T2 T5 18.844 <0.001
ChlorophyHa T2 T6 25.159 <0.001
ChlorophyHa T3 T4 5.312 <0.001
ChlorophyHa T3 T5 18.544 <0.001
ChlorophyHa T3 T6 24.858 <0.001
ChlorophyHa T4 T5 13.231 <0.001
ChlorophyHa T4 T6 19.546 <0.001
ChlorophyHa T5 T6 6.315 <0.001
Total Abundance T1 T2 3.141 0.002
Total Abundance T1 T3 0.095 0.924
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Metric Transectl Transect T _stat Pvalue
Total Abundance T1 T4 5.901 <0.001
Total Abundance T1 T5 15.324 <0.001
Total Abundance T1 T6 22.558 <0.001
Total Abundance T2 T3 3.046 0.003

Total Abundance T2 T4 9.042 <0.001
Total Abundance T2 T5 18.465 <0.001
Total Abundance T2 T6 25.699 <0.001
Total Abundance T3 T4 5.996 <0.001
Total Abundance T3 T5 15.419 <0.001
Total Abundance T3 T6 22.653 <0.001
Total Abundance T4 T5 9.423 <0.001
Total Abundance T4 T6 16.657 <0.001
Total Abundance T5 T6 7.234 <0.001
Total Biovolume T1 T2 1.713 0.102

Total Biovolume T1 T3 0.952 0.367

Total Biovolume T1 T4 5.520 <0.001
Total Biovolume T1 T5 15.227 <0.001
Total Biovolume T1 T6 23.030 <0.001
Total Biovolume T2 T3 0.761 0.447

Total Biovolume T2 T4 7.233 <0.001
Total Biovolume T2 T5 16.940 <0.001
Total Biovolume T2 T6 24.743 <0.001
Total Biovolume T3 T4 6.471 <0.001
Total Biovolume T3 T5 16.178 <0.001
Totd Biovolume T3 T6 23.982 <0.001
Total Biovolume T4 T5 9.707 <0.001
Total Biovolume T4 T6 17.511 <0.001
Total Biovolume T5 T6 7.804 <0.001

Abundance and biovolume showed a similar pattern across the river channel in fall compared to
chla. Overall, fdl periphyton abundance and biovolume were similar throughout the
permanently submerged (T1, T2) and the lower varial zone (T3, T4). The significant differences for
abundance betweesite pairs of samplers in these two zonasrelikely a result of a few dliers
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(Figure A2L The upper varial zone (T5, T6) had significantly lower periphyton abundance and
biovolume than permanently submerged and the lower varial z¢hable A1)l The most
frequently devatered varial zone sampler (T6) had a significantly lower periphyton abundance
and biovolume compared to TShe edge of the permanently wetted zone (T2) had significantly
higher chla compared to all other transects in fall. @hlvas similar at the T1 dnf'3 samplers in

the fall. Chla decreased from the lower to upper varial zone-TB3 and these differences were
statistically significant.

Table A1l Posthoc ConovefTest for Fall periphyton productivity metrics that had significant
differences.
Metric Transectl Transect T_stat Pvalue
ChlorophyHa Tl T2 3.021 0.004
ChlorophyHa T1 T3 0.585 0.56
ChlorophyHa T1 T4 3.606 0.001
ChlorophyHa T1 T5 7.407 <0.001
ChlorophyHa T1 T6 13.645 <0.001
ChlorophyHa T2 T3 2.437 0.017
ChlorophyHa T2 T4 6.627 <0.0
ChlorophyHa T2 T5 10.429 <0.001
ChlorophyHa T2 T6 16.666 <0.001
ChlorophyHa T3 T4 4191 <0.001
ChlorophyHa T3 T5 7.992 <0.001
ChlorophyHa T3 T6 14.230 <0.001
ChlorophyHa T4 T5 3.801 <0.001
ChlorophyHa T4 T6 10.039 <0.001
ChlorophyHa T5 T6 6.238 <0.001
Total Abundance T1 T2 0.709 0.48
Total Abundance T1 T3 2.126 0.048
Total Abundance T1 T4 0.709 0.48
Total Abundance T1 T5 3.720 0.001
Total Abundance T1 T6 10.629 <0.001
Total Abundance T2 T3 2.835 0.008
Total Abundance T2 T4 1417 0.183
Total Abundance T2 T5 3.012 0.005
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Metric Transectl Transect T_stat Pvalue
Total Abundance T2 T6 9.921 <0.001
Total Abundance T3 T4 1.417 0.183
Total Abundance T3 T5 5.846 <0.001
Total Abundance T3 T6 12.755 <0.001
Total Abundance T4 T5 4.429 <0.001
Total Abundance T4 T6 11.338 <0.001
Total Abundance T5 T6 6.909 <0.001
Total Biovolume T1 T2 1.603 0.14
Total Biovolume T1 T3 1.069 0.308
Total Biovolume T1 T4 1.069 0.308
Total Biovolume T1 T5 4987 <0.001
Total Biovolume T1 T6 11.042 <0.001
Total Biovolume T2 T3 2.671 0.012
Total Biovolume T2 T4 2.671 0.012
Total Biovolume T2 T5 3.384 0.002
Total Biovolume T2 T6 9.439 <0.001
Total Biovolume T3 T4 0.000 1
Total Biovolume T3 T5 6.055 <0.001
Total Biovolume T3 T6 12.110 <0.001
Total Biovolume T4 T5 6.055 <0.001
Total Biowlume T4 T6 12.110 <0.001
Total Biovolume T5 T6 6.055 <0.001
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The rate ofsubstrate dewatering (ramping) events influenced the mode of periphyton recovery
The importance of phytoplankton originating from the Revelstoke Reservoir to MCR periphyton
recovery was demonstrated by the proportions of the %planktic guild met@o®of the largest
ecological guilds is composed of the taxa donated by the Revelstoke Reservoir, accounting for an
overall 2324% of the periphyton in both reaches. Both spring and fall showed a similar pattern
where deposition of these taxa on the substratess proportional to the submergence tim@/ith

the exception of spring 2018, all spring samplers with submergence ratios greater than 0.58 had
percent planktic near 30%-igure A22 Interestingly, Spring 2012 samplerith suomergence

ratios less than 0.58 had mean percent planktic of ~3@#mplers that were frequently
dewatered (submergence ratio <0.58)spring 2011, 2013, 204818 had lower percentage of
planktic guild compared to samplers that were wetted for more tB&86 of the time.

The only two habitat types that had a significantly larger proportion of planktonic guild in Fall
were backwater and Big Eddy, and-ehind % high profile guild metrics also reflected this trend.
The final and smallest ecological guild MCRwere the motile taxa that can evade burial.
Interestingly, backwater habitats had the least % planktic guild of the habitat units, particularly in
Spring(Figure A2)

The percent ofow-profile guild taxa in spring wadfacted by water temperatures and annual
variability Figure A2R Spring 2013 and 2016 samples with mean water temperatures that
exceeded 8C had a mean % low profile guild of24%.The lower and upper varialre samplers

from spring 2011 were dominated by the low profile guild (Figure A11 Nodes 8 andHet
permanently submerged samplers from spring 2011 were not dominated by the low profile taxa
with percentages ~30% (Node A)I Spring 2012 samplers angrisig 2017 samples with mean
water temperatures less than 4.22 had the lowest percentage of low profile guild compared to

all other spring samples (Nodes 4 and 12). The lower percentage of low profile guild taxa was a
result of a higheproportion of high profile guild taxa in spring 2017 and higher proportions of
motile and planktic guild taxa in spring 2012.

The maximum flow during the spring 2017 deployment period was only 1,52%s4 Tinese low
maximum flows in combination with cold water temperatanmay havéavouredthe high profile

guild and resulted in thejprevalence Converselyperiphyton recovery in cold water periods may

be slower and biased against the low profile guild taxa resulting in lower overall Spring abundance
than in Fall when alstudied years are considered (Spring 3.45xddlIs/cn¥; Fall 5.69x10
cells/cn).
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The percent high profile, low profilglankticand motile guilds weresignificantly different in

spring across the river channel (T&) while thefall guild metrics were nofTable A12 During

spring sampling sessions, high profile taxa preferred the consistent conditiong dhalweg

despite velocity peak around 2 m/sec in thalweg. These-glmwing, large taxa required near
100% submergence. The T1 samplers (close to the thalweg) had a significantly higher percent high
profile compared to T26, while T2 and T3 samplergdrgmilar percentages of high profile guild
(Table A13 The percent high profile guild at T4 and T5 were comparable and were lower than
the samples closer to the thalweg, but T6 had a much lower percent hiditepgaild compared

to T2-T5. The rate of substrate exposure at T6 locations appears to exceed the tolerances of the
high-profile taxa.

Table A12 Friedman test results comparinylCRperiphyton community composition metricsee
Figure A24etween transects using site, season and year as blocking variable.
Metric Season Statistic Pvalue
% High Profile Guild Fall 10.200 0.0689
% High Profile Guild Spring 19.700 0.00143

% Low Profile Guild Fall 5.960 0.31

% Low Profile Guild Spring 20.700 <0.001

% Motile Guild Fall 8.570 0.128

% Motile Guild Spring 26.300 <0.001

Table A13 Posthoc ConoveiTest for Spring periphyton community composition metrics that had
significant differences.

Metric Transectl Transect T stat P value
% High Profile Guild T1 T2 2.063 0.046
% High Profile Guild T1 T3 2.381 0.023
% High Profile Guild T1 T4 6.507 <0.001
% High Profile Guild T1 T5 4.761 <0.001
% High Profile Guild T1 T6 10.951 <0.001
% High Profile Guild T2 T3 0.317 0.751
% High Profile Guild T2 T4 4.444 <0001
% High Profile Guild T2 T5 2.698 0.011
% High Profile Guild T2 T6 8.888 <0.001
% High Profile Guild T3 T4 4127 <0.001
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Metric Transectl Transect T _stat P value
% High Profile Guild T3 T5 2.381 0.023
% High Profile Guild T3 T6 8.571 <0.001
% High Profile Guild T4 T5 1.746 0.088
% High Rofile Guild T4 T6 4.444 <0.001
% High Profile Guild T5 T6 6.190 <0.001
% Low Profile Guild T1 T2 1.909 0.066
% Low Profile Guild T1 T3 3.499 0.001
% Low Profile Guild T1 T4 7.794 <0.001
% Low Profile Guild T1 T5 6.521 <0.001
% Low Profile Guild T1 T6 10.816 <0.001
% Low Profile Guild T2 T3 1591 o0.121
% Low Profile Guild T2 T4 5.885 <0.001
% Low Profile Guild T2 T5 4.613 <0.001
% Low Profile Guild T2 T6 8.907 <0.001
% Low Profile Guild T3 T4 4.295 <0.001
% Low Profile Guild T3 T5 3.022 0.004
%Low Profile Guild T3 T6 7.317 <0.001
% Low Profile Guild T4 T5 1.272 0.205
% Low Profile Guild T4 T6 3.022 0.004
% Low Profile Guild T5 T6 4.295 <0.001
% Motile Guild T1 T2 1.530 0.147
% Motile Guild T1 T3 2.737 0.008
% Motile Guild T1 T4 7.326 <0.01
% Motile Guild T1 T5 10.707 <0.001
% Motile Guild T1 T6 10.063 <0.001
% Motile Guild T2 T3 1.208 0.245
% Motile Guild T2 T4 5.796 <0.001
% Motile Guild T2 T5 9.178 <0.001
% Motile Guild T2 T6 8.534 <0.001
% Motile Guild T3 T4 4,589 <0.001
% Motie Guild T3 T5 7.970 <0.001
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Metric Transectl Transect T _stat P value
% Motile Guild T3 T6 7.326 <0.001
% Motile Guild T4 T5 3.381 0.001
% Motile Guild T4 T6 2.737 0.008
% Motile Guild T5 T6 0.644 0.52

Low profile taxa were more abundant in the upper than the lower varial zone during the
spling sampling sessiorfBigure A23L The T4T6 spring samplers had significantly higher
percent low profile guild compared to IT13 samplersi{able A13 The percent low profile
guild & the edge of the permanently wetted zone (T2) was not significantly different than
T1 or T3 in Sprin@ éble A1} However, T1 and T3 had significantly different percent low
profile guild (T=3.5, p= 0.001)he T3 spring samplers had higher percent low profile
compared to the T1 samplerBigure A24

Motile taxa increased during Spring sample sessions in the upper varial zones where
sandy substrates occFigure A2% The percent motile guild was significantly higher in
the upper varial zone (T5, T6) compared teTAL{Table A1R The percent motile guild

was significantly higher at T4 compared toTiA The edg of the permanently wetted

zone (T2) had similar percent motile guild to T1 and T3. However, T1 and T3 had
significantly different percent motile guild (T=2.7, p= 0.001).
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9.5.2 Benthic Invertebrates

The composition of benthic invertebrates the MCRwas predominately comprised of a few
broad taxa groupsMCR invertebrate samples collected from 2€#I¥Y19 had taxa rictess that
ranged from 135 with a mean richness of 9#6hironomids were the most abundant taxa in both

fall and spring, followed b¥lydrozoansn the fall and Oligochaetes in the sprin@hironomid
richnessranged from 0-17 speciedn all MCR samples. Miosf the chironomid taxa in MCR were
from the subfamilies of Orthocladiinae, Diamesinae, and Tanypodinae. Orthoclads were the most
dominant subfamilytaxa includedOrthocladius complexEukiefferiella sp.Heterotrissocladius

sp. Psectrocladius spBrilia sp.and Cardiocladius spraxa inrDiamesinae includeBiamesa sp.
andPagastia sp Thienemannimyia grougwasthe dominant genus of Tanypodinae

The richness of Oligochaeta and Hydrozoan taxa were much lower in MCR compared to
chironomid richness. @bchaeta richness randdrom 0-5 in all MCR samples, whereas most
hydrozoans found in MCR wetydra spMost of thefive Oligochaea taxawere from the families

of Naididae, Tubificidae and Enchytraeidaelhe most dominant family abligochaetes in the

MCR wadaididae which includeNais sp

EPT taxa nde up a small portion of the MCR invertebrate community, the mean percent
aburdance of BPT in MCR was 2.63+6.40%. The EPT richness of MCR was limited, it ranged from
0-14 and had a mean EPT richnes&+#t. Ephemeroptera were the most abundant EPT in MCR.
The most abundant families of Ephemeroptera included Ephemerellidae, Ameletidae, Baetidae,
and Heptageniidae.

Invertebrate biomass and abundance exhibited a wide range of variability in the sprirfgliand
sampling sessiond-igure A2p Fall had a higher mean invertebrate abundance of 379+715
compared to 1824254 igpring. The pairwise-test between sample pairs from fall and spring
2011-2013, confirmed that fall ldisignifcantly higher biomass compared to spring (p<0.001).
Spring and fall had comparable mean invertebrate biomasses when all sampling session were
compared. However, when only spring and fall 2@D13 were compared, fall had significantly
higher invertebratebiomass than spring.
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Figure A25 Boxplots of invertebrate production metrics for all MCR sites sampfeam 2007-2019.

As previously statedhe MCR invertebrate community was primarily composed of chironomids,
hydrozoans and oligochaetes in spring and faigyre A2 During spring sampling sessions,
chironomids were consistently the dominant invertebrate with a mean percent abundance of
72+25%. Chironomids were the dominant invertebrate in some of the fall samples. However, the
percentage of chironomids in fall in 202D13 were not significantly different from the
percentage of chironomids in spring 262013 (p=0.26)ln someof the fall samplefiydrozoans
were the dominantinvertebrate Hydrozoans had a highanean percent abundane of
33.2t31.9% in fall compared t®.2+15% in springThe percent hydrozoans were significantly
higher in fall compared to spring (p<0.000ligochaeteshas also had as significantly higher
percent abundance in fall of 2092013 compared to spring 2042013. The mean percent
Oligochaetes in fall was 10.9+16.2% and 6.92+10.1% in spring.
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Figure A26 Boxplots of invertebratetaxa compositionaspercent abundance for all MCR sites sampledrh
20072019.
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The distribution of invertebrate taxa was documented acrogfemnt habitat types and at
various depths within the river channelnvertebrate biomass from the spring and fall sampling
sessions was highly variable within each habitat typgure A2). However, thavhitewater sites

did not have high variation in invertebrate biomass because it was only sampled once in spring.
Backwater sites had the highest mean invertebrate biomass in both spring and fall compared to
other sites. The mean invertebrate biomass for backwater sites wa233 mg inspring and
30.7+£51.0mg infall.

Invertebrate abundance from the spring and fall sampling sessions was highly variable within each
habitat type Figure A2Y. In fall, the Big Eddy sites had the higih@ean invertebrate abundance

of 1270+£1210 compared to all other sites. Tiheee main sites in ReacB had higher mean
invertebrate abundances @f25+662in spring compared t®98t742 at the three main Reacl

sites.
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Figure A27 Boxplots of invertebrate productiity metrics byhabitat type for all MCR sites samplddom 2007
2019.Main sites were sampled for all years and other site types were sampled less frequently.
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Thebedrock andbackwatersites had a lower percentage of chironomids compared to other site
types inspring andfall (Figure A28 The mean percent chironomids at thackwater andedrock
sites inspring were 53+16% and 50+35%, respectively. Ana@, Big Eddy anghitewater sites

the mean percent chironomids were75% during spring.The lower percent chironomids at
bedrock sites waglue to a higher percentage of hydrozoani fall, the mean percent of
hydrozoans athe bedrock sites was 50+3286mpared to a mean percent of hydrozoans ~30%
at themain and Big Eddsites.At backwater sites the lower percent of chironomids was because
of a higher percentage of oligochaetes.

In both seasons, oligochaetes contributed more to the invertebrate community at Reach 3
compared to Reach #igure A28 Reach 3 sites had a mean percent abundance of 10.7£12.3%
and Reach 4 had mean percent abundance of 7.42+14.3%. The backwater sites in Reach 3 had the
highest percent oligochaetes compared to the other sites. The mean percent @rfeshat the
backwater sites were 21.7+5.17%spring and 29.8+26.5% fall.
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To simplify the interpretationthe distribution ofinvertebratesamplers across the various depths

of the river channel aralsodescribed as either permanently submergéatated in thevarial

zone or located in the upper variabne Spring invertebrate abundancg the main siteswas
significantly differentbetweenthe six transects (F=48.5, p<0.00L}T4 had a similar range of
invertebrate abundances and were the most productive transectspiing (Figure A29 The
deepest (T1) and the shallowest (T6) transects had the most significant pairwise differences for
invertebrate abundancgTable A1h Thedeepes transect, T1had a lower mean invertebrate
abundance than 724 and a higher mean invertebrate abundance than Tiige shallowest
transect, T6, had the lowestvertebrateabundance and was significantly different than transects

TA-T5.
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Figure A29 Boxplots of irvertebrate production metrics grouped by zone and transect foain sitessampled
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Table A14 Friedman test results comparing invertebrate productivity and community composition
see Figure A29%and Figure A30metrics between transects using site, season and year as blocking
variable.
Metric Season Statistic P-value
% Chironomidae Fall 19.900 0.00132
% Chironomidae Spring 6.140 0.293
% Hydrozoan Fall 5.060 0.409
% Hydrozoan Spring 13.300 0.0206
% Oligochaeta Fall 8.370 0.137
% Oligochaeta Spring 7.960 0.158
Total Abundance Fall 48.500 <0.001
Total Abundance Spring 33.800 <0.001
Total Biomass (mg) Fall 17.300 0.00405
Total Biomass (mg) Spring 30.300 <0.001
Table A15 Posthoc ConoveiTest fa spring invertebrate productivity and community composition
metrics that had significant differences.
Metric Transectl Transect T-stat P-value
% Hydrozoan T1 T2 2.636 0.014
% Hydrozoan T1 T3 1.531 0.16
% Hydrozoan T1 T4 1.361 0.203
% Hydrozoan T1 T5 4.932 <0.001
% Hydrozoan T1 T6 5.357 <0.001
% Hydrozoan T2 T3 4.167 <0.001
% Hydrozoan T2 T4 1.276 0.219
% Hydrozoan T2 T5 2.296 0.031
% Hydrozoan T2 T6 2.721 0.012
% Hydrozoan T3 T4 2.891 0.008
% Hydrozoan T3 T5 6.463 <0.001
% Hydrozoan T3 T6 6.888 <0.001
% Hydrozoan T4 T5 3.572 0.001
% Hydrozoan T4 T6 3.997 <0.001
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Metric Transectl Transect T-stat P-value
% Hydrozoan T5 T6 0.425 0.671
Total Abundance Tl T2 3.367 0.001
Total Abundance T1 T3 4.040 <0.001
Total Abundance Tl T4 3.619 0.001
Total Abundance T1 T5 2.188 0.0
Total Abundance Tl T6 7.828 <0.001
Total Abundance T2 T3 0.673 0.579
Total Abundance T2 T4 0.253 0.801
Total Abundance T2 T5 5.555 <0.001
Total Abundance T2 T6 11.194 <0.001
Total Abundance T3 T4 0.421 0.723
Total Abundance T3 T5 6.228 <0.001
Total Abundance T3 T6 11.868 <0.001
Total Abundance T4 T5 5.808 <0.001
Total Abundance T4 T6 11.447 <0.001
Total Abundance T5 T6 5.639 <0.001
Total Biomass (mg) T1 T2 0.996 0.344
Total Biomass (mg) T1 T3 6.141 <0.001
Total Biomass (mg) T1 T4 0.996 0.344
Total Biomass (mg) T1 T5 3.817 <0.001
Total Biomass (mg) T1 T6 6.307 <0.001
Total Biomass (mg) T2 T3 5.145 <0.001
Total Biomass (mg) T2 T4 0.000 1
Total Biomass (mg) T2 T5 4.813 <0.001
Total Biomass (mg) T2 T6 7.303 <0.001
Total Biomass (mg) T3 T4 5.145 <0.001
Total Biomass (mg) T3 T5 9.959 <0.001
Total Biomass (mg) T3 T6 12.448 <0.001
Total Biomass (mg) T4 T5 4.813 <0.001
Total Biomass (mg) T4 T6 7.303 <0.001
Total Biomass (mg) T5 T6 2.490 0.017
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Spring invertebrate biomass was significandijfferent between the six transects (F=30.3,
p<0.001). The upper varial zone transects had the lowest invertebrate biofRmgse A2
Invertebratebiomassin the upper varial transects was significantly diffet than T1-T4 (Table
Al5). In the lower varial zonenvertebrate biomass was higher in T3 compared to T4 and this
difference wasignificant. T3 had the highest mean invertebrate biomass of all transects and wa
significantly different than all other transects.Invertebrate biomass was similar in the
permanently wetted zone transects and the T4.

Invertebrate community compositiometrics varied among transect{§igure A30 However,
percent chironomids and oligochaetes were not significantly different between tran§Eakde

Al14). Percent Hydrozoan was significantly different between the six transects (F=13.3, p=0.02).
The upper varial zone transects had significantly different percent hydrozoan from all other
transecs (Table A1h T2 had a low percent hydrozoan that was significantly different from T1,
T3, T5, and T6. In the lowearial zone, T3 had a significantly differand higher meampercent
hydrozoan compared to T4.
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Invertebrate abundance and biomassre significantly different between the six transects during
the fall sampling sessiorf§able A1) The TiT3 transects had similar invertebrate abundances
that were higher and significantly different abundascfrom T4T6 (Figure A2 In the varial
zone, invertebrate abundances decrease fromTB4and these differences are significalRtr
invertebratebiomass, he upper varial zone transects had the lowest inverég® biomass of all
transects and had significant differees betweenT1-T4. The lower varial zone transects had
similar invertebrate biomass and significantly different biomass thanThe. permanently
submerged zone had the highest mean invertebrateridss of all transects.

Table A16 Posthoc ConoveiTest for Fall invertebrate productivity and community composition
metrics that had significant differences.
Metric Transectl Transect T_stat P value
% Chironomidae Tl T2 3.745 0.001
% Chironomidae T1 T3 5.048 <0.001
% Chironomidae T1 T4 6.025 <0.001
% Chironomidae T1 T5 7.328 <0.001
% Chironomidae T1 T6 8.631 <0.001
% Chironomidae T2 T3 1.303 0.209
% Chironomidae T2 T4 2.280 0.033
% Chironomidae T2 T5 3.583 0.001
% Chironomidae T2 T6 4.885 <0.001
% Chironomidae T3 T4 0.977 0.331
% Chironomidae T3 T5 2.280 0.033
% Chironomidae T3 T6 3.583 0.001
% Chironomidae T4 T5 1.303 0.209
% Chironomidae T4 T6 2.606 0.017
% Chironomidae T5 T6 1.303 0.209
Total Abundance T1 T2 0.558 0.667
Total Abundace Tl T3 0.186 0.853
Total Abundance T1 T4 3.904 <0.001
Total Abundance T1 T5 8.180 <0.001
Total Abundance Tl T6 12.641 <0.001
Total Abundance T2 T3 0.372 0.761
Total Abundance T2 T4 4.462 <0.001
Total Abundance T2 T5 8.737 <0.001
Total Abundance T2 T6 13.199 <0.001
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Metric Transectl Transect T_stat P value
Total Abundance T3 T4 4.090 <0.001
Total Abundance T3 T5 8.365 <0.001
Total Abundance T3 T6 12.827 <0.001
Total Abundance T4 T5 4.276 <0.001
Total Abundance T4 T6 8.737 <0.001
Total Abundance T5 T6 4.462 <0.001
Total Biomass (mg) T1 T2 1.773 0.099
Total Biomass (mg) T1 T3 2.256 0.035
Total Biomass (mg) T1 T4 2.739 0.012
Total Biomass (mg) T1 T5 5.157 <0.001
Total Biomass (mg) T1 T6 7.896 <0.001
Total Biomass (mg) T2 T3 0.483 0.63
Total Biomass (mg) T2 T4 0.967 0.387
Total Bomass (mg) T2 T5 3.384 0.002
Total Biomass (mg) T2 T6 6.124 <0.001
Total Biomass (mg) T3 T4 0.483 0.63
Total Biomass (mg) T3 T5 2.901 0.009
Total Biomass (mg) T3 T6 5.640 <0.001
Total Biomass (mg) T4 T5 2.417 0.026
Total Biomass (mg) T4 T6 5.157 <0.001
Total Biomass (mg) T5 T6 2.739 0.012

During the fall sampling sessions, percent hydrozoans and oligochaetes were not significantly
different between transects(Table A1)} However, percent chironomids wasignificantly
different between the six transects (P9, p=0.M1). In the permanently submerged zone, T1

had the highest mean percent chironomi@Bigure A3R T1 had significantly different percent
chironomids from all other transects, whereas the percent chironomids at T2 was significantly
different from T1 and T46. The lower varial zone transects had similar percent chironomids.
However, the percent chironomids at T3 were significantly different from theeu varial zone
transects. The percent chironomids at T4 were significantly different from T6 but not T5

Dam operations exhibited annual variability and as a result lthets of three zones of
submergence can shift. Based on analysis conduct&ddtion 12.5.3 a submergence ratio of
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0.64 provides a suitable threshold for identification of the upper varial Zbine upper varial zone
had invertebrate abundances that ranged from 81 individuals/basket. The mean invertebrate
abundance in the upper varial zone was48 individuals/basket which was lower tha61+594
individuals/basket in the zone below the upper varial zone.

9.6 Discussion

9.6.1 Periphyton

9.6.1.1 Drivers of Periphyton Composition and Productivity

This study segment was dgsed to assess periphyt@ommunity composition andtanding crop

over the range of flow and habitat conditions in the MQRe inherent variability of the MCR
aeaidusSy gl a 20SND2YS ey durdtiondihat dadpediimittide indpacdeR & Q &
unusual years on summary statistics and modellivigriability in substrate was controlled by

using an artificial substrate although it is acknowledged tinat tough opercelled Styrofoam
employed in this project tenell to exaggerate accrual rates and filmass estimates by 20

25% or more compared to adjacent natural substrates.

The following section discusses the study results where the strength of evidence was strong and
offers literature context for conclusions, as well as best estimates whersttbrgth of evidence

was weak. The level of uncertainty in the topics discussed herein is moderate, and could be
lowered by extending the study from fall and spring into the summer and wigasons.

Periphyton Composition Compared to Other Rivers

Like most large rivers, MCR periphyton was domindmediatomsthat accounted for over 90%

of the biovolume irSpring and Fall and iroth reaches. The dominant MCR diatom species were
either the lowprofile guild- rapid colonizing diatoms with firm a&thment strategies, or large
planktonic guild taxa imported from Revelstoke Reservoir that adhered to the periphyton biofilm
Selection pressurdavouring low-profile guilds has also been found in other hydropeaking
facilities (Passy and Larson 201Rgsevoir plankton are more important to MCR periphyton
recovery than would be the case in an unregulated river. Although periphyton taxa are less
sensitivethan invertebratesto the rate of substrate devatering as opposed tds duration,
ramping down can & too rapid for spore/cyst formation and rapid ramping up can dislaoige
abradestressed taxaBondarKunze 201&Biggs and Thomsen 1995 hese flowrelated stressors

act to limit periphyton community diversityVith a mean taxa richness 0P8 * 6taxa,species
richness in the MCR was lower than is typical for unregulated large rivers of similar |¢fiainde
Al7).
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Table A17 Summary of typical MCR periphyton metrics from spring and fall 26012012, with
comparison to oligotrophic¢ typical, and productive large rivers
Metric Oligotrophic or Typical large  Eutrophic or MCR
stressed rivers productive (values bolded in
bracket =
6 month samples)
Number of taxa (live & dead) <20¢ 40 25-60 variable 5-52 (39-50)
2 -
ChlorophyHa udcm <2 2-5 >5¢ 10 0.04¢ 4.1 (0.592.0)
(30+)
Algae density cells/ctn <0.2 x16 1-4x106 >1 x10 <0.02¢ 1.5 x13(0.9¢
13.1x10)
Algae biovolume c#im?2 <0.5 0.5¢5 20-80 0.03-10 (0.6-5.9)
Diatom densityfrustules/cn? <0.15 x160 1-2xX106 >20 x10 <0.01¢ 0.6 x16 (0.2
1.0 x16)
Biomass;AFDW mg/crh <0.5 0.5-2 >3 0.12¢ 4.8 (0.353.5)
Biomasgdry wt mg/cn? <1 1¢5 >10 0.7¢ 80 (6-99)
Organic matter (% of dry wt) 4-7 1¢10(2-7)
Bacteria count sediment. HTP <4-10 x10 0.4¢ 50 x10 >50%x10- 0.2¢5 x10
CFU/cr >10L0 4G
Bacteria count water CFU/mL 0.1¢10x10@ 0.1¢ 100 x16 2.4 x10 Not sampled
Fungal count CFU/¢n <50 50¢ 200 >200 <250¢ 6000
Accrual chh ug/cnt/d <0.1 0.1¢0.6 >0.6 0.0003 - 0.034shallow;

0.001L - 0.038deep

Comparison data obtained froflinders and Hart 2009; Biggs198@terson and Porter 2000; Freese et al. 2006; Durr
and Thomason 2009; Romani 2009; Biggs and Close 2006

The rate of substrate dwatering (ramping) eventgestricted the mode of recovery to
recolonization Biggs 1996Ahn et al. 2012 Periphyton originating from the Revelstoke Reservoir
were important to regularly repeatedperiphyton recoveryand this impacted periphyton
community structure.

Large filamentous algae can axt ecosystem engineers, increasing substrate surface area for
other organisms byrders of magnitudgSigee 2005 In MCR these include Didymosphenia
geminata (Didymo) and filamentous greelgae. There was minimal nuisance algae Didymo in
most spring samfe sessions, while other spring samples that had significant Didymo growth
However large nuisance mats that could impact MCR food chains were not obserteid i3

year study of MCR, likely due to regular substratieying in the varial zones and veiies
exceeding Didymo tolerance in thibalweg (Clancy et al. 2020; James et al. 2012; Cullis et al.
2013; Spaulding et al. 2013hcreased fall filamentous green algae growth was observed in R4
and R3 after 2010 under the new flow regime. These gjowing algae can form visible mats in
the summer under ideal conditions where shear is low under stable, lower flowsavessable
conditions include high flows when their maten bedislodged and desiccation when their
filaments are destroyed. The areamaining wetted by minimum flows should retain short
growths that could repopulate dewatered substratehus, lamentous growth in the Reach 4
T2T4 zone may continue to gradually increase over the years since minimum flows were
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implemented. This revie of flamentous green algae distributions supports the assumption that
flow management exerts a powerful influence on the MCR periphyton community.

Critical Flows

Abrupt changes in nedred water velocity can arise naturally from storm flows or from
operations ramping up. Periphyton mat shealfasioncan be expected at velocities exceeding
0.30 m/s (Ahn et al. 2012) and mat removal is complete within 30 minutes of the velocity increase
(Cullis, et al. 2013).

Backwatering
A key aspect of MCR flow rewg affected by both BC Hydro releases and by watershed hydrology

is backwatering of Arrow Lakes Reservoir (ALR). This seasonal water cover reduces desiccation
on riverine substrates that would otherwise be exposed by low flow releases, particularly in Fal
and with R3 receiving the greatest effe@ack watering also affects water velocity by causing a
more variable relationship between discharge and velocity, particularly in R3, while in the absence
of back watering, maximum velocities correspond to ttighest discharge flows (Telemad?2
model). As a result of this flow complexityhe¢ Reach 3 upper varial zonasthe most variable

region for periphyton productivity in the MCR. With continuous backwatering, it can exceed the
productivity of deeper aras but in seasons without backwatering, it can have minimal
productivity.

Seasonal Variability in Periphyton Productivity

All statistical tests confirmed thaal had significantly greater periphyton abundance, biovolume
and chia compared to springwhere Rll productivity metrics were almost double the spring
metrics. Statistical modelling indicated that the important drivers behind the greater fall
periphyton productivity and diversity were flows (lower water velocities, greater backwatering),
and warmer water temperatures. The greater Fall productivity occurred despite fewer hours over
the photosynthetic minimum threshold compared to Spring (Plewes et al. 2019).

Habitat Differences impact Periphyton Productivity

As with mainstem sites, productiyitnetrics for all substrate units was generally higher in the fall
than in the springBedrock habitats and backwater habitats were less productive than the
predominant mainstem units, whilBig Eddy wathe mostproductive Periphyton community
structureshifted reflecting velocity conditions in these habitats wherainstem substrates were
dominated by high profile taxa while bedrock was dominated by the low profile gnddsandy

R3 substrates showed a higher proportion of motile tax@hese ecologitapreferencesare
confirmed by other researchers (Passy 20Rifnet and Bouchez 2012).

Reachand Transect Influences on Periphyton Productivity

The variable donations of Revelstgiianktonic diatoms were very important to mainstem MCR
periphyton productbn and to recovery rates followirdesiccation particularly in R4 (Plewes et

al. 2019). Year by year, productivity in R3 and R4 showed the same patterns in all growth metrics,
however in both the spring and fall samples,fediphyton communitystructureand productivity
generally showed greater reactions to flows and growing conditions, while R3 reactions indicated
greater periphyton stability despite variable flows and growing conditions. Average periphyton
productivity decreased with increasing expostiem the permanently wetted T1 through the
upper varial zone T8n general, MCR substrates that were wetted for periods greater than nine
hours per day experienced rapid periphyton growth (Schleppe et al. 2012).
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There are numerous mechanisms that acddon similarities in species distribution in large rivers

like the MCR. These include flow events that can either shield (backwatering) or move (high flow
events) benthic species to new substrate locations. Additionally, the T1/T2 area that remained
wetted by minimum flows together with continuously received drifting algae from Revelstoke
Reservoir, can function as a source of organisms 4molenize exposed habitat areas with the
same suite of taxa after catastrophic flow events.

MCR eriphyton producivity changes with transect position correspa@ut to substrate
submergence time and secondarily to irradianceverall, upper varial zone periphyton
productivity was significantly lower than the productivity of the lower varial zone or the
permanently sulmerged zoneThe T1T3 samplers were the most productive in spring, whereas
the TET4 samplers were most productive in fall. ALR backwatering in fall results in more substrate
submergence in the lower varial zone, resulting in higher production at T4 seanpl

The percent high profile, low profilandmotile guilds were significantly different in spring across
the river channel (T-I'6), while the fall guild metrics were ndthe high profile taxa were not able

to withstand the cooler air temperatures ofspg in the upper varial zone. The fast growingdow
profile taxa replace the high profile taxa in the upper varial zone, as is indicated in the literature
(Rimet and Bouchez 2012).

Oneof the largest ecological guilds is composed of the taxa donatedebRélvelstoke Reservoir,
accounting for an overall 234% of the periphyton in both reacheghus Revelstoke Reservoir in
supports MCR productivity and recovery, and suggests that flows control the deposition of
phytoplankton on the river substrates:or example, spring 2018 had high peak flows that
prevented settling of planktic guild taxa in permanently submerged and lower varial zone areas.
To have higher percentages of planktic guild submergence ratios had to exceed 0.58 in spring.
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9.6.2 Benthic Invertebrates

This study segment was designed to assess benthic invertebrate community composition and
productivity over the range of flow and habitat conditions in the MCR. The inherent variability of
GKS a/w aedadsSy ¢l a 2JSNID3gerrSluratiofi thathe\pld lidigthel K A &
impact of unusual years on summary statistics and modelling. This was particularly important for
benthic invertebrate research because variable MCR flows intersect invertebrate life histories
creating more variality and uncertainty than was evident for periphyton with their simple life
history. The following section discusses the study results where the strength of evidence was
strong and offers literature context for conclusions, as well as best estimates wiestrength

of evidence was weaker. The level of uncertainty in the topics discussed herein is moderate, and
could be lowered by extending the study from fall and spring into the summer and winter seasons.

Invertebrate Compositioand ProductivitfCompaed to Other Rivers

The MCR invertebrate community composition was similar to other flow regulated rivers. The
dominance of tolerant invertebrat taxa such as chironomids antigochaetesare common
downstream of dams (Phillips et al. 2016; Kjeerstad €2G8).High abundances of Hydrozoans
have been reported upstream and downstream of reservoirs (Hindle 2018; Schleppe et al. 2019).
Chironomids are rapid recolonizers and many species of chironomids sGcthasladiusp.are
adaptive to a wide range ofdiw conditions (Kjeerstad et al. 2018¢chmedtje and Colling, 1996).
The subfamily oDrthocladiinaevasthe dominant chironomidaxa grougn MCR. Orthocladiinae
were also the dominant invertebrate in other large rivers in British Columbia (Reece and
Richadson, 2000)The chironomid subfamilies of Diamesinae diathypodinaavere also present

in MCR andhave beerobserved downstream adther dams (Arnwine et al. 200&zczerkowska
Majchrzak et al. 20170

The invertebrate taxa richness of MCR was lowentbéner flow regulated rivers. All other flow
regulated rivers presented iable Alghad Ephemeroptera or Trichoptera as abundant taxa.
MCR hd a lower EPT richness compared to Peace Rh@mer Columbia RivelLCR, and
Saskatchewan RivéBchleppe et al. 2019, Olsétussello et al. 2018Jihalicz et al. 20198imilar

to MCR, the portion of the Colorado River downstream of the hydropeaking Glen Canyon Dam
also hal low EPT richness (Stevens et al. 1997). TheHBT richness in the Colorado River was
largely due to low river water temperatures resulting from large hypolimnetic dam releases. The
MCR also experiences large hypolimnetic dam releases and has cool water temperatures which
rarely exceed 12°C in the ramer (Golder 2014). The dominant invertebrate subfamilies
Orthocladiinae and Diamesinae in the MCR are tolerant of cold water temperatures
(SzczerkowskMlajchrzak et al. 2010) The water temperatures in LCR, Peace River and
Saskatchewan River were higterd are more suitable for EPT tax®IlsorRussello et al. 2019;
Schleppe et al. 2019jihalicz et al. 2019).

The invertebrate densities in MCR wexlsolower than other flow regulated rivers in BCaple

A18). Lower invertebrate densities in MCR compared to the LCR and Peace River may have been
a result of more extensive samplio§the varialand upper variatonesin MCRThe upper varial

zones of rivers have lower invertebrate densities than the permanestilymerged zone.
Invertebrate densities in theipper varial zone (defined as less than 64% submerged) of MCR
ranged from 135122 individuals/mh and were comparable to other hydropeaking rivefBhe
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Saskatchewan River and Baevera Rivéorwayhad invertdorate densities that range from 39
2477 individuals/mh and 235.561835.56 individuals/rfy respectively Nlihalicz et al. 2019;
Herland 2012).

The low invertebrate biomass of the MCR was expected because the dominant benthic
invertebrate organisms are smallhere was limited biomass data available for rivers that had
similar community compositions to the MCR. Oksrukuyik Creek in Alaska had the lowest
invertebrate biomass compared to other studies. However, MCR had a lower biomass with a mean
0.13+0.33 g/m whereas inOksrukuyik Creek oAlaska biomass ranged from €8 mg/nt.
(Harvey et al. 1998)MCR had lower invertebrate biomass th@ksrukuyik Creekecauseof a
different benthic invertebrate community composition. Oksrukuyik Creett higher relative
abundances of black files and the tolerant ma@hetis spcompared to the MCR (Harvey et al.
1998). Black files arlaetis sphave much larger individual biomass compared to orthoclads. The
dominant chironomid subfamily Orthocladiinae of the MCR lesg small biomasses that typically
ranged from 0.01®.032 mg/indiv (Niedrist et al. 2018). Orthocladiina@ve small biomasses
compared to other cold stenothermic chironomids such as Chironominae and Diamesinae
(Anderson et al. 2012; Niedrist et al. 2018)

Table A18 Comparison of benthic invertebrate communities in different river systems.
# of Taxa EPT
River Regulation Invertebrates/m? Richness - Richness Most Abundant Taxa
Class Range (Median) Range MeantSD
g (Median)
MCR q i 8.800 (102 3 ) Chironomids
- - +
(Revelstoke) Hydropeaking 11-58, (102p 1-35(7) 1+ Hydra
Saskatchewan
River (below
E.B. Hydropeaking 392477 13-37 Ephemeroptera Chironomids
Campbell
Dam)
Peace River Chironomids
(Downstream . 44-583,000 i Oligochaets
of Peace Hydropeaking (17,200) 4-41 (24) 74 Hydra
Canyon Dam) Trichoptera
LCR
(downstream oo lated  344:349,000 Chironomids
of Hugh : 7-51 (21) 6+2 -
. River (38,500) Trichoptera
Keenleyside
Dam)

Data sources includdlihalicz et al. 2019, Schleppe et al. 2019, ORossello et al. 2019

SeasonaVariabilityin Invertebrate Productivity

Benthic invertebrate production metrics were higher fil compared tospring. The higher
invertebrate production in fall could be a result of natural seasonal variatiomwertebrate
productivity or differences in wetted halat area. In natural river systems, invertebrate
production peaks in earfigll (Giller and Twomey 1993nd similar trends have been reported in
the regulated LCR Plewes et al. 2017Arrow Lakes ReservoiAl(R backwateringwas more
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