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EXECUTIVE SUMMARY

JHTWORKSS3 is a 1§ear program with theiprary goal of improving the visual quality and riparian
habitat values of higirofile reservoir shoreline argapacted by fluctuating water leadlshe

Upper Campbell Reservolthe program haghree phasethat are beingmplemented over the
10-yearperiod: 1) identification/prioritization of sites for revegetation treatmenPtnade (IY ear

1, completed)2)planning, trial implementation, and monitoring of revegetation treatment trials
(Phase 2rears %, now completégdand 3) implementatiarf the final Revegetation Treatment Plan

at additional sites around the reseriAbiage 3rears 710 to beinitiated in 2023

During Phase 2, treatments were implemented as per prescriptions in the Phase 1 report (2018, Year
1); however, in some casmodifications were made to treatment prescriptions based on site
characteristics and lessons learned. Effectiveness monitoring (at established monitoring plots within
treated and control areas) was initiated in Year 3 (2019) and was continued famdike oéPhase

2 (Years 4 (2020), 5 (2021), and 6 (2022)). In addition, a watering program was initiated in 2019 to
improve plant survival within treatment areas, and this program was continued in 2020, 2021, and
2022.

This report summarizes the resoftall of Phase 2 effectiveness monitoring to direct revegetation
efforts in Phase 3. Data on vegetation characteristics in monitoring plots were compared between
baseline (prior to treatment implementation}pudis (immediately following treatment
implementation), and annual monitoring surveys. Key factors associated with treatment performance
were identified by treatment type/elevation zone (A through D), including site characteristics (e.g.,
elevation, aspect, slope, substrate compactness, domstaatiessoil moisture, and sun exposure)

and treatment methods (e.g., season treated, stake planting depth, species planted, machine use
planting bar use, application of mulch, sea soil, and/or organic debris, microtopography for water
retention, and whet¢r the treatment was watered). Performance of each treatment was evaluated
based on monitoring results and overall treatment performance was categorized (high, medium, or
low) based mainly on the change in stem counts betweilt aad 2022 surveys.e8d of
revegetation and species most successful were also evaluated. Given the large number of treatments
trialled and that many factors affect treatment success, recommendations for Phase 3 treatments were
generalized based on the factors found to beiassl with treatment trial success in Phase 2.

The factors contributing to treatment trial success \ariedgtreatment type@nd site A-type

treatments (on low slope or alluvial 06220 n), in which stakes were planted into stumps in
alluvial farareas (treatmentsli Ali, Alii), resulted in effectiand rapid revegetation at ahévo
siteJHT-RVO07) At this site, stakes were planted through the stumiph (vereselected according

to their elevation) into the substrate below, stwapsntact enough to prevent erosion of the soill

within them, and environmental factors were conducive to success (e.g., lack of beaver activity and
excessive inundation). At the othern(83-RV09) poor performanceas attributed to erosi¢ue

to less itact stumps and excessive inundajivanlower planting elevationas well as beaver

activity Although natural regeneration is also occurring on alluvial fans, several advantages of planting
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into stumps were identifi¢el.g., stakes in stumps mordylike survive long periods of inundation
than surrounding vegetation, increased visibility of stumgazd@ationdboaters)in low elevation
areaswhere stumps atackng, plantingstakesnto prepared substratelilsely to be successful
provided thastakespecies are selected in accordance with elepagi@neftially selecting sites at
elevations above 218 m to avoid excessive inundatioh)plantingmethods(e.g., machine
preparation, stake deptre seleetlaccordingo substrateharacteristicgVatering, sun exposure,
and drought wereonsidered lessiportant forA--typetreatmentslue to increased likelihood and
duration of inundation during the summer in comparison to higher elevation zonebrfueghC t
D).

B-type treatments (moderate slopes in the drawdown zot#21241) were not highly successful

which wasnainlyattributed to site characteristics given the treatment methods applied (e.g., planting
depth insufficient given sunny conditionsg blst success was observed where the substrate was
prepared (e.g., made rough and loose) and stakes were planted, or that relied on natural regeneratior
to proceed in the prepared ground, although for the latter, natural regeneration is likely to be slow.
Watering was not associated with improved treatment performance, likely because other factors such
as site characteristics or stake planting depth were more influential.

C-type treatments (steep upper drawdown;-227.6n) were generally successfulcieipevhen

site characteristics were adequate and lessons learned throughout Phase 2 were applied. These include
applying woody debris, creating topographic features that trap water and organics and prevent erosion,
selecting species for planting acogrtti tolerance to drought and/or inundation in accordance with

site characteristics, and planting stakes deeply, such as into machine made trenches or craters. Waterin
was identified as generally improving treatment success although treatmentsswece salfsh

without watering when site characteristics (e.g., partial shade) and treatment methods (e.g., deep
planting of stakes) were conducive to vegetation establishment without watering.

Success of fype treatments (upland forest; above 220.5 m) Iseagenerally good when
recommendations from previous years were implemented. Greatest success was obsgrved for D
treatments (nursery stock was planted into terraces) anedl foed@ments (stakes planted into
terraces), if terraces were designed toyader, were mulched, and when nursery plants were planted

in fall and watered in the first spring. Stakes planted into substrate loosened by machine fared
moderate to poorly, and no success was obtained with red alder seeding; however, for both of these
treatments, site characteristics were not conducive to revegetation (i.e., steep warm aspect slopes witl
eroding soils).

Nine generalized treatments were recommended for Ph@sest 3stimates, and rankings for
expected relative success and speed ofetati@y are provided for each treatment. These
recommended treatments inclugeeparing substrate (by hand or machine) without planting or
watering (applicable to all elevation zones), planting stakes into prepared substrate (by hand or
machine) with andithout watering (applicable to elevation zones A, B, and C), planting stakes or
nursery stock into terraces on steep slopes with watering and mulching (applicable to elevation zones
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C and D), and planting stakes into stumps in alluvial fans (applieélation zone A). Cost
estimates were classified within seven categories and ranged from $2 to’$5apengs for

expected cost of treatment options, relative revegetation success, and relative revegetation speed
coarsely reflect tradéfs to be onsidered in relation to budget and other priorities, assuming that

site characteristics are suitable and lessons learned during Phase 2 are applied. Importantly, cost
estimates are considered rough estimates given that factors that can affect ghts/arialbiie

among sites and years. Three generalehiglrecommendations were also made for Phase 3: 1) that
areas are selected for treatment accordifaydarablesite characteristics and budget, 2) that a
treatment plan is developed for eachssiected that addresses key factors identified as important

for consideration and planning, and 3) that risks of colonization of invasive species are minimized.
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1. INTRODUCTION

As the Campbell Riv&¥ater Use Planning (WUpYocess reached compatin 2012, several
concernsremained with respect to the effeat BC Hydro operationsn the substrates and
vegetation within the reservoir drawdown zone. Among these was the erosion and destabilization of
shoreline vegetation of the Upper Campbell Reservoir (which includes Upper Campbell Lake and
Buttle Lake)Nlap1), caused by operational changes in water level and accompanying wind and wave
action (BC Hydro 2016). Betwdd¥®6and2004 the Upper Campbell Resenaperated under a

higher than normal annual water bud§peifically, the maximum summer operating regime was
raised by 0.5 mvhich caused the removakabstrate and vegetation framadditionad.5 m band

of shoreline around the resenemuivalent to approximatdOha. However, since 2004, reservoir
operdions have returned to lower summer maximum water I[Eigelee(l) and these eroded
shoreline areas have been left exposed and unvegetated (sealBaill# for more details)Given

the resultantvisual impacts, the WUP r@@oilltative Committee identified the neednjorowe the

aesthetic quality of the exposed shoreline in locations visible freusehigitreation areas
Consequently, theéomptroller of Water Righissued &VateAct Order thatrequireda termsof-
reference be written tedhighlyivididenesdrvbinperimeter siteswithini z e
t he dr awd(GomptrolleroohWaber Rights 2012y address these priorities, the Upper
Campbell Reservoir Drawdown Zone Revegetation Program (JHTVBORKS 0t he Pr ogr a
initiated (BC Hydro 2016)

JHTWORKS3 is a 1§ear program with the primary goal of improving the visual quality and riparian
habitat values of higirofile reservoir shoreline areas of the Upper Campbell Reservoir impacted by
fluctuating water levels from reservoir operationorAglishment of this goal requires actively
enhancing the natural recolonization of native vegetation communities in the upper drawdown zone
of the Upper Campbell Reservoir (BC Hydro 2016). Additional benefits of this Program are improved
Indigenous resoce values, wildlife habitat, and an increase in shoreline stability.

JHTWORKS3 has three phases to be implemented over thgeadO period:
1)identification/prioritization of sites for revegetation treatment trials (Year 1, completed); 2)
planning, triaimplementation, and monitoring of revegetation treatment trials (Meanew2
completed); and 3) implementation of the final Revegetation Treatment Plan at additional sites around
the reservoir (YearslD, to be initiated in 2028).Phasd, highly vsible reservoir perimeter sites

within high recreational use areas, that have high potential for revegetation and natural recolonization
successyere identified for revegetation treatment. Baseline information on these sites and associated
treatment presiptions are presented in the Year 1 report (Balléh2018a). An effectiveness
monitoring program was also developed that outlines how the success of revegetation treatments is
being evaluated (Bakital 2018b).

During Phase 2, several treatnréals were implemented at eight sites around the reservoir and were
monitored to identify key characteristics that led to treatment success. This phase is now complete:
LaichKwil-Tach (LKT) supported by Ecofish Research Ltd. (Ecofish) have now conducted
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revegetation treatment trials and monitoring for all five (2018 to 2022) years of PhaseRgRegehr
2019, Regelmtal.2020, Regelatal.2021a, Regelet al2022). Treatment trials were implemented
between 2018 and 2021, and no additional trgatmvere implemented in 2022 (Year 6 of the
program and the last year of Phase 2). Key factors that affected treatment success during Phase 2 were
identified and summarized. Based on these results, recommended treatments will be considered for
implementatin at additional sites around the reservoir in Phase 3 (Years 7 to 10).

The objectives of thiéear Greportare to present thfeal results of Phase 2 monitoring, which will
direct revegetation efforts in Phadeeéd/egetation success in the Phasat@ &t trials, as evaluated
from effectiveness monitoriragesummarized Sectior8 of this report This involveautlining the
monitoring methods, themmparing performance among wdatreas (that varied by treatment and
sitecharacteristiteind to control sites where no treatments were implem&he=# comparisons
allowed identification of key factors asstiaith treatment performané®llowing thigreatment
recommendations are provided along apgiroximate coste be considered for planning of Phase
3treatment¢Sectio). Given the large number of treatméngdledduring Phas2 andthat many
factors affect treatment successommended treatmemts Phase 8vere generalizéibm factors

of the treatment trials associated vatiegetatiosuccess

Figure 1 Upper Campbell Reservoir Operation Zone (reproduced from BC Hydro 2012).
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2. BACKGROUND

Nine revegetation sites wendiallyidentified for treatmemwithin theUpper Campbell Reservoir
(including Buttle Lake and Upper Campbell Linkbg Year 1 report (Balktal 2018) (Tablel,
Map2; seeadditional maps ippendix A. One of thes@JHT-RV0]) waslaterremovedbecause it
had been thenly sitealongUpper Campbell Lakéhus all revegetation treatment sites are located
along Buttle Laké&or revegetation of the eight selected sttesdistincttreatmentypes (labelled

A through D also referred to as elevation zpwese identifiedwvhich differ by elevation relative to
reservoir operations, slope, substrate,thed @nvironmental factors that affect the optimal types of
revegetation treatments that could be implemented (describedleB). Specific treatment
prescriptionsvere identified in the Yehreport for each treatment site (5able2 andTables 8
through 11 iBallinet al(2018) for details on revegetation treatment prescriptiocis)ingcontrol
treatment tygs, in which no treatmenwvould be implementedo support the effectiveness
monitoring plan (Ballin et al.2018h). In total, 8treatment areas (equivalent to, and used
interchangeably with, mappé@dlygon§, including controls, were identified within the eight
revegetatiorsites \{ith 2 to 14 treatment areas per sife)minimum of oneuniquely labelled
permanent monitoring plot was established within &aetmentarea that is considered
representative of that treatment arehby which each treatment area can be identified. Some changes
to treatment areas have been made since the Year 1 reporpnbésgidtics sitespecific
considerationand lessons learndthesenodificationgrom the original plan (Balktal.2018a) are
described in the annual workplans (Woodrutil.2018, Woodrufétal.2019,Ballin et al.2020Q
Regehet al2021h Newburyet al2022 and implementation summary reports (Regedd2019,
Regehet al202Q Regehet al202lg Regehet al2023.

The effectiveness of revegetation treatments is being monitored by characterizing vegetation and the
environmental setting within monitoring plots and treatment areas, as per the Baseline Data Collection
and Effectiveness Monitoring Plan (Ballial2018b). Baseline data were primarily collected in 2017
during program development (Badiinal2018a), but in some cases baseline data were collected
immediately prior to implementing the treatment.

The work conducted in 2018 represented the first yeaasé R of the JHTWORKSprogram

and evegetatiortreatment trialsvere implementedt threerevegetatiorsites(JHT-RV02 JHT-

RV03 JHT-RV09, which wereselected to maximize efficiency for machine adoe2919,
revegetation work wasnductedat fivesites(JHT-RV02,JHT-RV04 JHT-RV07, JHTRV08, and
JHT-RV09) andbecause thepring of 2019 was unusually, dryatering program was implemented
during the spring and early summer to increase swivs@iing plantingdn 220 and 2021
revegetation work waenductedat four sites(JHT-RV03 JHT-RV04 JHT-RV05,andJHT-RV09

and two sites)HT-RV04and JHTRV09), respectivebnd thavatering program was continust

built data were collected immediately following treatment trlamiempation in all yeatisat
treatments were implementadd effectiveness monitoring was conducted in 2019, 202a@n2021
2022.1In 2022, no treatments were implemented but monitoring was continued. The watering program
was also continuad 2022 alttough due to a wet spring and early summer, watering was only
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implemented from miduly to early SeptembehAppendix G). Details of treatment trial
implementation andffectivenessnonitoringresuls to 2021are presented in the annual reports
(Regehet al2019, 2020, 2031

Table 1 Revegetation ges selected for revegetation triaJselevation ranges of
polygons treated and the year(s) during whichsites weretreatedduring
Phase 2 of the ProgranDetails of treatment locations are provideth

Appendix B.
Site Name Site Label Year(s) Treated Treatment Elevation

Ranges (m)
Old Buttle Lake Boat Launch ~ JHT-RV02 2018, 2019 216 - 231
Buttle Lake Campground JHT-RVO03 2018, 2020 217 - 231
Rainbow Island Marine CampsitéHT-RV04 2019, 2020, 2021, 2022 220 - 231
Driftwood Bay Group Site JHT-RV05 2020 217 - 231
Buttle Lake Boat Launch JHT-RV06 2018, 2020 217 - 231
Buttle Lake Campground Fan JHT-RVO07 2019 216 - 219
Karst Creek Boat Launch JHT-RV08 2019 217 - 231
Ralph River Campground JHT-RV09 2019, 2021, 2022 216 - 219
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Table 2. Physical and ecological description of the four treatment typdsevisedfrom
Ballin etal. (201&)).

Label Treatment Description
Type
A Low slope ol These areas have slopes under 5% and occupy alluvial fans or shallow bay

alluvial fan areas are typically inundated June through August. Inundation at other time
year is common but timing and duration varies annually. They are typically
vegetated with herbaceous species at lower elevations (i.e., below 219 m)
taller shrubs and trees at progressively higher elevations. The primary objec
revegetation of these areas is increasing visibility of lower elevation shallow
and stumps to reduce the hazard for boaters. This treatment type supports ¢
vegetation communities listed in Section 2.1; however, the target area for
revegetation is occupied by the lowest two communities - 'spearwort lakefla
'hairgrass - water sedge’, as well as the mudflats that occupy lower elevatic
these two communities.

B Moderate These areas have slopes under 15%. They are typically sparsely vegetatec
slope  patches of herbs and patches of deciduous shrubs. This treatment type occ
drawdown elevations suitable for the 'tall and short Sitka willow - water sedge' deciduc
communities (i.e., 217.8+ m) (Section 2.1.3) as well as the upper extent of
drawdown zone that may be capable of succeeding into terrestrial vegetatic
communities. Lower elevations of these areas are typically inundated June
August. Inundation of upper elevations is also fairly common June through A
Timing and duration of inundation during other seasons varies annually. The
objective for revegetation is increasing the shrub cover to improve visual qu

riparian habitat, and support vegetation succession, where possible.

C Steep uppe These areas have slopes over 15%. They are typically not vegetated to ver
drawdown vegetated with deciduous shrubs. These areas can be inundated at various
throughout the year but are more likely to be inundated June through Augus
other times of the year. Inundation of these areas is less common than inuni
A and B treatment types. This treatment type occupies elevations suitable 1
'tall and short Sitka willow - water sedge' deciduous shrub communities (i.e
m) (Section 2.1.3) as well as the upper extent of the drawdown zone that m
capable of succeeding into terrestrial vegetation communities. The primary
for revegetation is increasing the shrub cover to improve visual quality and |
habitat, and support vegetation succession, where possible.

D Steep uplan These areas have slopes over 45% and are in a perpetual state of erosion.
forest  typically not vegetated to sparsely vegetated with herbs, low lying shrubs ol
large Douglas-fir or Pacific dogwood tree that has slid down the slope and re
rooted above. This treatment type occupies elevations above the current ar
'full pool' of the reservoir (i.e., above 221.0 m) and thus are not, nor have e
inundated by reservoir operations. These elevations are suitable for establit
‘upland forest' communities (Section 2.1.4). The primary objective for reveg
of these areas is increasing vegetative cover to stabilize the slope, which w
enable vegetation to establish and grow to improve visual quality.
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3. REVEGETATION TREATMENT TRIALS 0 EFFECTIVENESS MONITORING

A revegetation effectiveness monitoring program was developed for evaluation of the effectiveness
of the revegetation treatments and to enable adaptive modification of prescriptions based on
monitoring results (Ballet al2018b). Effectiveness monitgrimas ongoing throughout Phase 2 of

the revegetation program and involved collecting data on vegetation characteristics at areas where
treatments were implemented and comparing this to baseline data (collected prior to treatment
implementation), dauilt data (collected immediately following treatment implementation), and data
from control sites where no revegetation treatments were implemented. Monitoring results from data
collected and compared among locations and time periods were then used to exbalifyvely
treatments on a yearly basis, thereby maximizing the potential for revegetation success within Phase
2, and to inform future revegetation efforts, within both Phase 2 (now complete) and Phase 3.

The sections diow first present the methods used édfiectiveness monitoring, then present
summary of Phase 2 monitoniagults by treatmetype (A through Prable2), which is considered
to bemost usefulor Phase 3 planning and implementaGammaries of monitoring results by site
(the approach taken in previous reparelsoprovided AppendixD).

3.1. Methods

3.1.1. Effectiveness Monitoring
Effectiveness monitoring involves comparing vegetation establishment within establighed 50 m
(circular 3.99 m radius) monitoring plots (considered representative of that treatment area) among
time periods, including preatment (baseline), immediately after treatmdntisand in future
years (monitoring). Baseline data were primarily recorded (A@tdndix F in Balliet al2018a)
but were also recorded in 2018 (Appendix C in Retgal2019), in 2020 (Appdix C in Regelet
al. 2021a), and in 2021 (Appendix C in Regeht2022).Similar to previous years, 2022 data
collection in monitoring plots was conducted in the fall (from September 12 to September 15) and, in
addition to standardized data calectvithin monitoring plots, a site visit was conducted by a
gualified professional (Patrick Walshe, B.Sc., R.P.Bio., of Ecofish) on October 13, 2022, during which
all sites were visited to provide general qualitative evaluations of treatment areas.

Basehe data, aluilt data, and monitoring data were collected following the methods described in
Appendix C of Balliet al(2018b). Data collected inclugledetation stem counts with descriptions

of ecological and physical environmental setting forttreetesatment area, and photographs from
established photopoint monitoring locations. Stem count data froAplB@srallows quantitative
evaluation of revegetation success over time and comparisons can be made among plots differing by
treatment type arldcation. Beginning in 2020 monitoring, living stems present in monitoring plots
were also categorized by whether they had been planted during treatment implementation or had
become established naturally, when this could be determined. FEunthatake may appear and

be recorded as dead in one year but sprout from the base of the stem in later years; thus, collecting
living and dead stem density data over multiple years provides increased confidence that stem density
data are an accurate reflectiotredtment succedscological and physical environmental setting
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data were collected, characterizing vegetation response, site characteristics, and disturbance factor:
(including inundation by the reservaoir), to allow quantitative and qualitative cosnpiacisanges

in factors contributing to vegetation response (e.g., substrate composition, microtopography), as well
as broader evaluation of vegetation success (e.g., estimated percent cover of all species). Photopoin
monitoring was also conducted primgdan efficient and effective means of qualitatively evaluating
vegetation success and changes to site characteristics over time. As decided during Year 1 planning
height of plants within monitoring plots was not measured owing to time constrairdieargesh

in tracking height over time; however, changes in height can be assessed through photopoint
monitoring and qualitative observations. In 2020, a stake with a pink flagrahéight mark was
temporarily placed at each plot center to providegedor plant height and thereby facilitate this
assessment during photopoint monitoring. The presemoeasive species was recorded during
monitoring and site visits but not counted as living vegetation (i.e., did not count towards revegetation
succes).

An additional monitoring method was implemented in 2021 for stump planting treattheats (A

1i, and Alii) because stumps are distributed too far apart for many to occur within the 50 m
monitoring plots. As recommended in the Year 4 report (RegdB021a), several of the stumps

closest to the center of each monitoring plot were marked with benchmark tags so that the success of
stakes within individual stumps could be monitored annually. Data collected for each stump included
stump type (whethéhe stump was drilled, naturally hollow with no opening at the side or bottom,

or naturally hollow and open at the side of bottom), planted stake species, stake height in meters
(measured from the top of the stump to the top of the stake), and staKéatair dead). Comments

were also recorded (e.g., soil erosion from stump, beaver damage to stake) for each stump.

The baseline data and effectiveness monitoring plan €Ball#©18b) states that two additional

types of data will be collectedemyironmental/climatic data (e.g., precipitation and temperature
data), which would allow evaluation of potential weather/climatic impacts on the effectiveness of
revegetation treatments; and 2) photograph monitoring with aerial drone imagery, wialbdbvwvould
qualitative or statistical evaluation of the revegetation success and environmenfdiheeitihg.
photopoint monitoring using drone was originally proposed (Batlial2018b), this method was
discarded from annual monitoring following budgprioritization. Monthly average temperature

and precipitation during the growing season were highly variable from 2018 to 2022 and watering was
implemented in 2020; thus, the effect of annual weather on revegetation success was considered
gualitativel each year during Phase 2.

3.1.2. Treatment Performance Comparison
Overall treatment performance (high, medium, or low) was categorized for each monitoring plot and
key factors potentially associated with treatment performance were qualitatively or quantitatively
assessed tmform recommendations for Phase 3. Key fagiotentially affecting treatment
performance were related to site characterist@st{on, aspect, slope, substrate compactness,
dominant substrate, soil moisture, and sun expesuréeatment methodse@son treated, stake
planting depth, specieaupied, machine use, planting bar use, application of mulch, sea soil, and
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organic debris, microtopography for water retention, and whether the treatment was watered)
Inundation (frequency, magnitude, and duration) was not directly related to tredormeanper

given that inundation is dependent on the elevation of the treatment in relation to reservoir water
levels, which may vary greatly among years.

Performancef each treatment was evaludiaded or2022monitoring resultsStem counts in
monitoringplots in2022 were compared to baseline abdidsandthe proportion of stems planted

(as opposed to naturally revegetated) was calculated whenossibéeall treatment performance
rating(high, medium, or lowyasbasednainlyon the change istem countbetweerasbuilt and
2022surveysBecauseane plant mortality is expected in any revegetation pregcaess was
considerethigh when stem counts in 202®lincreasedelative to abuilt or had decreaséy less
than20%(survival of 80% is a standard performance metric used for riparian revegetation evaluation;
DFO and MELP 1998\ppendixD). Because all living stems are counteceveoywregardless of
whether they were planted or regenerated naturally, the proportion of stem@&@gplapfezked to
naturally regenerated)an important statistic to consider additionally when evaluating treatment
success because high stem countsiotayecessarily be indicative of treatment suceesssatural
regeneration may have occurred regard@ssyerselynatural regeneration can be enhanced
through ground preparaticemd can therefore contribute to revegetation suecensf the suival

of plantedplantswithin the prepared araeaspoor, however, in such cases only the ground
preparation can be considered a successful part of the treatment

Speed of revegetation and species most successful were also evaluated. The spedidrof revegeta
success was evaluated as fast, medium, or slow if success became apparent within one year, two yea
or more than two years, respectively. The species most successful was evaluated by comparing the
number of stems of each species in 2022oilasumbers.

3.2.Results

The four subsections below preseavaluations oéachtreatmentimplementedn Phase Dy
treatmenttype/elevation zondased on performance documented in 2B@2.eachtreatment
typdelevation zonéi.e., treatment #rough D) a table summarizes, by monitoring plot, key factors
potentiallyassociated with performamed>hase 2To simplify use of the tables]ls weremerged

when all values were the same for a treatmithint a siteRecommendations foreitmerg to be
implemented irPhase 3vere based on the factors found to be most strongly associated with
revegetation success, and these are presented and discussedin Section

Appendices of this report provide treatment trial site maps for eackppead(xA), sitespecific
restoration profile maps as of fall 209@endixB), results of monitoring conducted in 2022 at all
areas previously treatefipendixC), a summary of effectiveness monitoring results by site
(AppendixD), photopoint monitoring resul&gpendixE), monitoring results of individually tagged
stumps AppendixF), watering program summary for 2@%$éndixG), and guidance for planting,
which was initially developed in 2020 and updated inA2p&hdixH).
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3.2.1. Treatment A: Low slope or Alluvial Fan
Four differenttreatments werienplemented in low slope or alluvial fan amkdgpe treatments;
Table3). These can be divided into tgroups 1) stakes planted into stumps at RM0O7 and
JHT--RV09 (treatments-A, A-li, and Alii), and2) stakes planted into machloesened cratens
flat topography and cemented soil conditadn¥HTRVO5 (treatment -Riii). As discussed in the
Year 5 report (Regeéiral2022), due to the distribution of stumps in relation to the small size of the
monitoring plots, monitoring plots were not considered highly representative of success in the
treatmentareaswhere stump planting was conductédus, several individual stumps within
treatment areas were taggedl monitoredAppendix). General observationsthe treatment areas
during qualitative site visiisre also used to evaluate treatment performance.

Treatment Al, which involved planting stakes istiompsand backfillingyas highly successful at
JHT--RV(07 (treatment implemented in 2018ble3) but notat JHFRV09(treatment implemented

in 2019 and 202Table3). Goodsuccess at JHRV07was especially apparent fiz02 Imonitoring
resultssuccesdecreasedomewhain 2022 High siccessn JHT-RVO7was attributed to planting
methodss well asite characteristidgdost of the stakes were plantedtisubstrate uer stumps
(which was possible due to low substrate compaetndsg)mp cavities wetleen backfilled; thus,
even when soil within the stumps was eroded by inundadion stakes surviveecause they were
rooted in the soil beneath the stumAfso,stumps with appropriate elevations were selected for
plantingso that stakes gained the benefithahdationwithout being inundated for too long
(Figure2). Poor success of treatmenfiAat JHFRVO09 was attributed beeaver activitgnderosion,
given that stumps were generally less intacritees lower elevatioten at JHIRVO7 Figure3).

This is apparent in results from monitoring plppéndixD) as well as individually tagged stumps
in the treatment areasppendixF).

Natural regeneration is also occurring in theRYI7 Al treatment areas. Woody vegetation,
especially willow, is regenerating naturally in the alluviagtar?), andmoststems in monitoring

plots had regenerated naturdlgb{e3). Hardhak Spiraea douglasis also successfully regenerated
naturally (was not plantedippendixC). Nevertheless, comparison to control plots indicates that
treatment Al was generally successful in improving vegetation establishment above what occurred
naturally. Although in two of ninertrol plots (JHIPRM36 and JHPRM38 at JH-RV09)

vegetation had established naturally by 2022 (i.e., stem counts had increased substantially), in most (si
of nine) control plots, stem numbers had decreased over time or little change wag\pppackxt (

D). In one control plot (JHPRM17 at JH-RVQ7), although stem numbers had decreased in 2022,

the increase in size of woody vegetation was visually agygyendixe; Figured).

Reduced succeas JHFRVO07in 2022 relative to 2021 wikelly caused by inundation which was
longer and extended to higher elevations i@ 20@ adverselaffected naturally regenerating
vegetationThis isevident whercomparingliving stem numbers for 2021 and 2022 between
monitoring plots and individbataggedtumpsn the treatment areas 2022, when inundation was
greater, stem numbers had decreased in the monitoringmbaisdixD) where most stems were
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naturally regenerating, whereas stem numbers had changed little (increased by one stem) for the tagge
planted stump&take heighdlsoincreased for mosiggedstemsAppendixF).

At JHT-RVO7,wherethe A-1 treatment wasuccessfuthe speed of revegetation was rgpithin

one seasQnwith vigorous growth of stakebservedRegehet al2020). WillowSalixsp.)was most
successful, basen monitoring plotsAppendixC) as well as general observations of the areas
treated, although willow was also the most common stake planteddRageéi, 202k, 2022).

As notedin previous reportstakes pldaad into drilled holes were not as successful as those planted
into natural holes likehecause there was generally less soil, nutrients, and water available for plant
establishmer{Regehet al20D, 2022)However, although growth in such stumps has not been as
successful, sonstaks planted into drilled holaesere still growing in 2022, suggestingthiat
approach can also sieccessful butlikely to beslower Stakes growing in drilled loédso have not

grown as tall as those growing in natural holes taAgaengixF).

When results betweenlAand Alii were compared, which differed in the useatsil added to
stumpsat JHFRVO09 no difference was noted andyeneral, success was poor. Of the 41 and 40
stems countedithin monitoring plotsluring asuilt surveys in JHPRM62 and JHPRMG63in
2021, respectively, no planted stems were cour8@2arippendixD). Some loss of stems in
individually tagged stumps between 2021 and 2022 was also d\ygseneddt). Poor success was
alreadydocumentedhfter one growing seasand was attributed toeaver browsings well as
inundationgiven that the soil had been washed out of the stumps despiedloghclineRegehr

et al2022). The cloth linevas evaluated as having lieerthin to retain soil during inundation, and
it was speculatéddat a heavier clottould perform betteaslthough this has not been testéus, i

is believed that posuccess of these variations on treatmdnivAre due teite characteristifie.,
beaver activity aritle lack of intacktumps capable of retaining 9a#ther than the treatmeiaind
that these variations would be at least as successiuf asiitions were betteBecause both-1i

and Adliifailed, it was not possible to evaluate the benefit of the use of sea soil over local soil.

TreatmenA-2iii (for which sil was loosened with an excavator to a depth-&9 6én in circular
craters, within which stakes waested witha planting bamas implementead a flat area adjacent

to the steep upper drawdown slope atBNMT5 As documented in Regetiral(2025, 2022)rocky
compactedyround(spoil from dredginggsulted in subptimal site preparati@nd stake planting
depth(only a minexcavator could be usé@iable3). In addition, inundation by the reservoir had
flattened out crate intended to catch water and organic debris, competition by grass was noted, and
black cottonwoo@opulus balsamisfgririchocalmakes, which had been intended to be included

in each crateto provide shade and organic deltwasl not been plant¢@egehet al2022) Thus,
treatment success was p(agure5). However, a treatment that allows deep planting in machine
made craters or trenches, is likely to be successfulsiidevgitesvithout stumpsprovided that

stake species are selectedtaordance with their tolerance for inundation and the site elevation (i.e.,
expected inundatioand that substrate is prepared and stakes are planted in accordaitee with
characteristide.g., machine brought in to allow deep planting whenacilyimnd/or compacted)
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In summary, all treatments for which stakes were planted into stumps located in low elevation areas
(treatments A, Ali, Alii) that have seasonal inundation have the potential to provide effective and
rapid revegetation, providédt stumps are selected by elevation (which affects inundation; minimum

of 217.8 m), stumps are intact enough to prevent erosion of the soil within them, stakes are planted
through the stumps into the substrate below, and environmental factors aneedonslutiess (e.g.,

lack of beaver activity and excessive inundation). Success is likely to be further improved by backfilling
holeswith sea soil, provided that stumps are relatively Ihtaat also observed that erosion was

less irstumpghat hadteiropenings oriented away from the lake f€@oHow slope, low elevation

areas that lack stumps, stakes are likely to be successful if species are selected in accordance wit
elevation (which reflects inundation duration), and planting is condgcteda@hine preparation,

stake depth) according with substrate conditions. Watering did not improve treatment success and, in
general, watering was not considered important -fgpeAtreatments owing to the seasonal
inundation that the treatments in @isvation zone receive. Also, sun exposure and drought which
affect success of other types of treatments (discussed in the sections below), are less important
considerations for stump treatments on alluvial flats.

Althoughmonitoring results to date suggeat alluvial fan areas could dledeft to regenerate
naturallyplanting stakes in&tumgs has several benefits. Figanting into stumps increasies

speed of revegetation. Second, excessive inurfdddicm is likely to occur in some yewriiely

to negatively affeoaturally regenerating vegetation morevbgetation planted insbumps given

the higher elevation that stumps proyae determined froitthe comparison of stem numbers

between monitoring plots and tagged planted stump$T#RVO07 in 2021 and 2Q2@escribed
above)Lastly, the treatment provides aesthetic and safety advantages given that stumps are both more
visible to boaters and more attractive when plants are growing from them.
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Figure 2. Good and rapid revegetationsuccess of the Al treatment (stakes planted into
holes in stumps) implemented in 201t JHT-RVO07 (plot JHT-PRM19),along
with natural regeneration Photo shows partial inundation of the treatmerdrea
on September 13202

{

v,

3

Figure 3. Poor revegetation success of the-A treatment (stakes planted into holes in
stumps), implemented in 2019 at JHARV09 (plot JHT-PRM61), which is
shown substantially inundated on September 18022.
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Figure 4. Vegetation in control plot (no treatment implemented) JHFPRM17at JHT -
RV07, on September 3, 202, for comparison to thenearby treated JHT-
PRM19(above).

Figure 5. Poor performance of AZiii treatment (stakes planted into machindoosened

craters), implemented in 2020 at JH-RV05 (plot JHT-PRM58), seen here on
September 12, 2022.
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Table 3. Summary offactors that affectecberformanceof treatment implemented in low slope or alluvial fan areafA-type treatments 216220 n) as identified in previous yearsand aspects of performance as
assessed in 2022. Sé@pendix D for summaries of Phase 2 monitoring results by yetor each site
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(216-220 n stumps, into natural cavities and JHT-PRM19 |2019(218.5 90 L F H FS >1 N[ 97 | 0.04] 59 | 64 H{B|A Light coir cloth did not prevent soil er g
drilled holes JHT-PRM20 | L ] 57 | 0.00| 850|217 A For stump treatments, monitoring plots dd
JHT-RV09 JHT-PRM61 |2019(217.4 S| 300 L MS MS FS) 0.8 Y| 1 |1.00] o 0 and size of plots (most stems in plots are naturally regenerating)
A Natural regeneration is also occurring (I
treatment and site conditions; however, naturally regenerating plants are more likely to be lost
N v N Elw inundation .
1 S vIn N A Treatment effects were rapidly apparent,
L{SIA Willow was the most successful speci es,
A Reduced success in 2022 relative to 2021
elevations) that removed naturally regenerating stems
A Reduced success in JHT-RV0O9 relative to
(erosion of soil) at JHT-RVO09 (i.e., difference in site conditions)
Stakes (W) planted into stumps lir A-1i JHT-RV09 JHT-PRM62 S| 303 IMS H 0.8 I 1 o] 0 -98 A Treatments A-1i and A-1ii had poor succefg
with coir cloth A-lii JHT-RV09 JHT-PRM63 2021218, 280 L F M FS N N N 0 o] 0 |-100 6|8|L|S
Stakes (GR, W) planted into mact A-2iii JHT-RVO5 JHT-PRM58 [2020|219. E| 320| 1 |H | C [MS SHH|PS S[O5Y|Y|IN[N|[N|Y|Y| 9 |1.00] o 96|38 |GR|L(B|A Treatment had poor success due to rocky
loosened craters cottonwood (site conditions and treatment)

1w - sitka willow; ACT - Black Cottonwood; GR - red-osier dogWwbDed)ouglas-fir;, OG - Oregon grape; NR - Nootka rose.

2H - high; M - medium; L - low.

®B - bedrock; R - rock; C - cobble; LG - large gravel; SG - small gravel; F - fines; M - mud; MS - mineral soil; W - wood; OM - organic matter.

*M - mesic; SM- submesic; X - xeric; SX - subxeric; VX - very xeric; H - hygric; SH - subhygric.

SES -full sun; PS - partial sun; FA - full shade; PA - partial shade.

6 - spring; F- fall.

y -yes; N - no.

8y- yes (microtopographic characteristics were created that maximize water pooling/retention and accumulation of organic debris around plantings; these included hollows (e.g., in rough and loose substrate preparation), craters, pockets, and terraces (that block water loss through back-sloping and berms on the
o Proportion of stems that were planted (as opposed to naturally regenerated) by dividing the proportion of living stems that were planted by the total living stems (which includes both planted and naturally regenerated).

OF _ fast (success apparent within one season or one yaagdiMm (success apparent in two years); S - slow (success apparent in three years).

! A dash indicates that this could not be evaluated (e.g., only one species planted, few stems in plot, or approximately equal numbers relative to proportions planted).

2y high; M - medium; L - low; performance primarily based on stem counts in 2022 relative to as-built (typically, success was categorized as high when stem counts relative to as-built in 2022 were greater than -20% (equivalent to ~80% survival)), although stem counts relative to baseline, the proportion of |
opposed to naturally regenerated), and the speed of success was also taken into consideration.

BT Treatment (performance was primarily due to treatment); S - site conditions (performance was not primarily due to treatment but to site characteristics or environmental conditions); B - both (treatment performance due in part to treatment and it part to site conditions)
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3.2.2. Treatment B: Moderate Slope Drawdown
Three treatmestwere implemented in moderate slopetyfe treatmentsabled). These were
implemented at three sites: JRN02, JHTIRV06, and JHRVO08.

Treatment BLi (fough and loose topography on a moderate slope without plampiegnented at
JHT-RVO02 (JHT-PRMO09)in 2018was considered quite succesdiyl 2021 although naturally
regenerating plants, on which the treatment depended, were slow tothelpnegared substrate
(Regehet al2022) However, few stems were counted during 2022 monitoring relatigei o
yearsAppendixC; Figuref). Increased treatmesuiccesm 202 Irelative to previous yeéirscreasse
from 4 and 3temsn 2019 and 2020, respectively, to 22 in Z0Rayved bysubsequent failune
2022(reducedo 3 stems)s apparenn yearly summariesppendixD) as well asom photopoint
monitoringresults AppendixE). Reduced success in 202&likely due teexcessive inundation
given the low elevation of the sithis is apparent from the high survivalvitiow, which is most
tolerant to inundatiorrelative to Douglafsr (Pseudotsuga menzoabjii one willow stenvas lost
between202l and202 (4 stems in 202 ppendix E in Regelet al.2023; 3 stems in 2022
(AppendixC)), whereaso Douglasfir stemssurvivel (13 stems in 2021; no stems in 2022).

TreatmenB-2i (localized rough and loose treatment into which Sitka willow agieredogwood
(Cornus stolonjfeti@kes were planted witkxcavatetoosened circles)asimplemented in 2018
one polygorfJHT-PRM50( at site JHIRVO06 in 2018500d success was observedhis treatment
areain the last three yeaffSigure?), althoughpoor survival of stakes was initially ngte®019)
(AppendixD) and was attributed il compaction and rocky substf&egehetal. 2020 2024,
2022. Although the substrate wamchindoosaed to 80 cm in depth within circles or craters
substrate conditioradfected the ability to plant stakes degsphkes were planted by hand theo
machineprepared substratédditionally, the machih@osened cratebecamdlattenedover time
which may have affected their ability to retain water and collect organasdetaimsledOverall,
the numbers of stems did not change much over the monitorirginasatise yeéollowing planting
(initially about 50% of stakes were Jlastjapproximately half the living stems in-RMRM50 were
from natural regenerati@hppendixD). Therewas little difference in survival by speogdsosier
dogwood stakesppear to hawairvivedor recolonizefimarginallypetter than willopAppendix Q.
Increasingegetative growtbver the yeaiis apparent in photopoint monitoring res{(f{gpendix

E) and it is likely that natural regeneration was improved thoosghingf the substrate and thus
contribued to success of this treatmeéidthough the Bype control plot at this si(@HT-PRM56)
showed similar or better performaimceerms ofnumbers ostemgAppendixD; Figure8), it had
been noted in previous ye@sgehet al202B, 2022}hat there was locadriation in survival within
the treatment area nelation to planting depth (growth was superior in plants outside of the
monitoring plot that had been planted more dedjiyk, the treatment performed better relative to
the control than apparent from monitoring plot results

Treatment B (planting deciduous stakes by hand without ground preparation) was implemented at
JHT-RVO08 (plot JHFFPRM40)in spring 2019 on moderate slopes in the upper drawdown zone
Numbers of stems dropped for two years then remained relatively domsiarggpparent from the
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results of previous years timaist stems preseint2022 hadegenerated naturglighus, theyould

have done so without the treatment since no ground preparation had taken place. Lack of success of
plantedstake$ias been etbuted toinsufficient depth of planting and to environmental and substrate
conditions, given that the areafnfisun exposure arldere is competition by grasses in lower areas
(Regehet al202H). However, in spite of poor performance in the rang plot, in the planted
areaas a whole, revegetation is progressing-igeit€d, AppendixE; this was alswotedduring the
gualitative site visih October 18 especially on graivbar areas (shrubby growth is less successful
in lower areas where grass is competing). adsopted in Regelet al.(2022),results in the
monitoring plot do not fully represent success for this treatoh@mtto heterogenous ground
conditions in theplanting areaNeverthelesgshe amount ofnatural regenerah present in the
treatment ploalong withgreater success in ttentrol plot(B-3) at this sit€JHT-PRM39Appendix

D; Figurel() suggests that the treatment ithelinot cause thgiccesbut that natural regeneratio
would have taken place regardiesgeneral, vegetation colonization and growth was similar in
control plots (for Bype treatments) as it was in treated areas. In additi@ctmtrol plots in
JHT-RV06 and JHRVO08 described above, two of thre¢yfe control plots in JHRVO05
performed quite well (JHHRM31 and JHPRM32), with stem numbers having increased since 2018
(AppendixD). In one control plot (JHPRMJ), little difference from baseline was documented in
2022, althougstem countbad been higher in 2021.

In summaryB-type treatments did not perform weelhsidering the revegetation observednitrol

plots This moderate to poor succegsreatmentsvas attributed to inadequate characteristics
(e.g., excessive inundatioompactd androcky substratdull sun exposuregjven thereatment
methodsapplied (e.g., fanting depth insufficient given sunconditions)Watering was not
associated with treatment performance, likely because otherwaotorsoreinfluential(e.g.,
substrate too rockgtakes not planted deeply enou@¥erall the best succesmsobserved where

the ground wasreparedandstakes were plantednatural regeneration could procé®ben stakes

are planted into hollows in rough and loose substrate, better success is expected iattukbghturs
higher elevations to avoid excessive inundation (given that stdkeseaidop/ninto the substrate
where elevation is even lower and where water will therefore pool for longer periodSalétiti)

of sites with some shade and avoidance of sites with rocky substrates and high sus atgmosure
expected tomprovesuccessf these treatment@/hen substrate is prepared but no stakes are planted,
natural regeneration is likely to be succeaftfubughthis may take time becawswironmental
conditions may not be conducive to the colonization of all specieswbdtyanatural mearnbkus
vegetation growttmay fluctuatever the years until specempted tahe site conditions become
well-established

1 The proportion planted could not be determined in 2G&#efd); however, results from 2020 (only 5% of stems had
been plantedippendixD) indicated that most planted stems had been tbst first yeaaftertreatment
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Figure 6. Moderate revegetation performance of treatment -Bi (prepared substrate
without planting) implemented in 2018 at JHTRV02 (plot JHT PRMOQ9),
following good success observed in 2021, likely due to excessive inundation in
2022; photo taken on September 13, 2022.

Figure 7. Moderate vegetation gowth from stakes and natural regeneration in treatment
B-2i (localized rough and loose treatment into which Sitka willow and reakier
dogwood stakes were planted within excavatdoosened circles), implemented

in 2018 at JHFTRVO06 (plot JHT PRM50), seen ére on September 12, 2022.
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Figure 8. Vegetation in control plot (no treatment implemented) JHTPRM56 at JHT-

RV06 on September 12, 2022, for comparison to the adjacent treated -JHT
PRM50 (above).

Figure 9. Vegetation growth largely from natural regeneration at JHRV08 (plot JHT
PRMA40), treated with the B2 treatment (stakes planted without site
preparation) in 2019, seen here on September 15, 2022.
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Figure 10  Vegetation in control plot (no treatment implemented) JHFTPRM39 at JHT-

RV08 on September 15, 2022 for comparison to the adjacent treated plot-JHT
PRM40 (above).
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Table 4. Summary of factors that affectegherformanceof treatment trials implementedin moderate slope drawdown areas B-type treatments) as identified in previous years and aspects of performance as
assessed in 2022. Sé@pendix D for summaries of Phase 2 monitoring results by year

Site Characteristics Treatment Methods Performance Comments
=3
<
f_U
o
(2]
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2 —
gz £ g
- I = o S
z 3] © ‘; I
c 0 53 = c
2 @ < B8 Z
T 5 |2 8§ % 2
= Zz e g S g =
T T = c = N ~
. T . |8 5 3 32 5
2 @ c 2= 2 £ £ o < g o
T2 g 2z % x a8 5 © £ 2 45 8 3
S [a) s> o5 I o 2 o o @ 5 —
a 3 ° Z 0 < 3 w0 & B c > > 9 o -
E o wl|& @ T DO o =<t o Z| c S s 5 9 ot =
3 E S3eEs £ 85288 ¢€ 5|z & £ &5 § =
E Y &~ s o= 25 2ag2<a0fs5 ¢ & &9 E <
[} = T X = £ 9 = = Q ©| © =] ‘S %)
E,QHS,EWSQ%:&CE’QZO.Qo@QtCUCU a »n
, . & 8 9 ZEEOOZ e E=59D 508 g s 2 23 o 8
Elevation Treatment = z 2 5 8 E=c|8 % ¢§% S s S5 % g 2 s 8 3 8 3
Zone Treatment Description® Type Site MonitoringPlot| > W £ © B3 Ao 3 3|6 & =a =& 6 = 2|5 & G &6 & 3 @
B Substrate made rough and loose; B-1i JHT-RV02 JHT-PRMO09 |2018(218.4 220 |15| L [SGIM[FA|F| 6 |Y| O |N [N [N [Y [N| 3 0 0 o |S w M[A Successful in 2021; failed in 2022 1ikel
(217-221 nplanting elevations than in 2021)
A Success depends on chance natural col oni 12
willow survived best which is most flood tolerant), which is likely to be successful in the long te
takes time
Stakes (GR, W) hand planted into B-2i JHT-RV06  JHT-PRM50 |2018)220.0 270 H|C[X|FS|F|[08|Y|NIN N [N [Y|N| 31 ]0.58f o 59| M o] MA Moderate success due to soil compaction @
rough and loose substrate over time; however, natural regeneration was likely enhanced by substrate treatment
Stakes (ACT, GR, W) hand plante B-2 JHT-RV08 JHT-PRM40 |2019(218.4 220| 4| L | F|SH/FS| S[{06|N|Y [N [N [N [N]Y| 26 o] -63 | -78| 0 W LIA Natural regeneration was al most entirely
without site preparation A Poor success was attributed to insufficig
competition by grass)
A Vegetation growth in the treatment area i
in lower areas where grass is competing) and monitoring plot results do not fully represent succ|
treatment

LW - sitka willow; ACT - Black Cottonwood; GR - red-osier dogWwbed)ouglas-fir; OG - Oregon grape; NR - Nootka rose.

2H - high; M - medium; L - low.

3B - bedrock; R - rock; C - cobble; LG - large gravel; SG - small gravel; F - fines; M - mud; MS - mineral soil; W - wood; OM - organic matter.

*M - mesic; SM- submesic; X - xeric; SX - subxeric; VX - very xeric; H - hygric; SH - subhygric.

5FS - full sun; PS - partial sun; FA - full shade; PA - partial shade.

fs- spring; F- fall.

7Y - yes: N - no.

8y- yes (microtopographic characteristics were created that maximize water pooling/retention and accumulation of organic debris around plantings; these included hollows (e.g., in rough and loose substrate preparation), craters, pockets, and terraces (that block water loss through back-sloping and be
? Proportion of stems that were planted (as opposed to naturally regenerated) by dividing the proportion of living stems that were planted by the total living stems (which includes both planted and naturally regenerated).

®percent change is calculated as the difference between the number of stems counted that year and counted during the baseline/as-built survey, divided by the number of stems counted during the baseline/as-built survey; thus, positive values indicate an increase in stem numbers relative to baselin
decrease in stem numbers negative to baseline/as-built.

1E fast (success apparent within one season or one yaaggliMm (success apparent in two years); S - slow (success apparent in three years).

12 A dash indicates that this could not be evaluated (e.g., only one species planted, few stems in plot, or approximately equal numbers relative to proportions planted).

By high; M - medium; L - low; performance primarily based on stem counts in 2022 relative to as-built (typically, success was categorized as high when stem counts relative to as-built in 2022 were greater than -20% (equivalent to ~80% survival)), although stem counts relative to baseline, the pro
planted (as opposed to naturally regenerated), and the speed of success was also taken into consideration.
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3.2.3. Treatment CSteep Upper Drawdown
Two treatmerg were implemented steep upper drawdovemeas@-1ii an G2i; Tableb). C-type
treatments were implementedtl-RV02,JHT-RV03, JH-RVO05, andHT-RV06.

In generaknostC-typetreatmergweresuccessfuMost Glii and C2i treatments relied on machine

use to loosen soil and allow planting of stakes delépiygh the manner in whiths was done

differed (e.g., circles, trenchresigh and loosgrid-pattern).In some cases, soil was compact or
cemented; however, with the use of an excavator, cemented soils could be used to advantage by
creating loose pockets into which stakespharted, that would cadtevater and organmateriad,

while retainingemented soilgroundthesepocketsto help resist erosion (efgeatment €lii in
JHT-PRM53 at site JHRVO03 Figurell). Highest succesgas observed where stakes were planted
deephandwatering was implemeniedg.freatment €lii inJHT-PRM29(Figurel?) andtreatment

C-2i inJHT-PRM28(Figureld), both at JHIRVO02. In some caseqjrvival of stakes wdinked to
droughttolerance differences among species (e.g., black cottonwood is more drought tolerant than
others) variability in microtopography (e.g., stakes planted in hollows where they were in afternoon
shade)andapplyingstumpsbackfilled witHake bottom fines and organieghe planting are&s

increase moisture retenticas well as differences among years in welathest success of
treatments was observed whsste characteristiegere poor, such as high sun exposure and rocky

soil. Fo example, performance of treatmeiiin JHFPRM34a (site JHRVO05) Figureld) was

poor although watering was implemented vidsamainly attributable to rocky soils that led to drying

out of stakedecause the rocks in the backfill prevented contact between the stakes and moist soll
(Regehet al2022) At JHT-PRMO08 (site JHRV03, insufficient stake planting depth (no planting

bar was used), as well as lack of watering and excessive inundation, resulted in poor performance
(Figurelb). In general, stakes planted into shallow loosened craters did not do as well as when a trench
was made by machine, into which stakes were pounded, and that was (eagkiildePRM21

(Figurel6) and JHTPRM22Figurel?) in JHT-RVO06) highlighting the importance of planting depth.

An exeptionto machine use for substrate preparationtheseatment at twgolygonsat
JHT-RV06 (JHTPRM45 and JHPRMA49) where stakes were haladted.Success was high for

these treatments owing telatively loose soil, good planting depth, watering, andwgterd
infiltration It wasalsonoted at JHIRVO06 that when stakes were planted in rows, rather than in a
distributed pattern, the lines of stakes recruited and retained driftwood which is helpful for moisture
retention ana@nprovingcondition of the soil.

Generally good success efyfe treatments was also evident through comparison to control areas
(treatment €3). Relative to most control pldteatmentsnonitoring plots hadubstantiallgreater
vegetation colonization and growth. Of 12 control,ploese did wellF{gurel8), with numbers of

stems increasing substantially between 2018 and 2022hanother ninestem numbersither
decreasdor there watttle changeAppendixD; see also photosAppendixE).

In generalalthough most treatments were successfi@getation was not rapid, &nd to three
yearswere needed before a greening effecap@arentThis can be seen in the photgrs in
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Appendix E. Where success was moder@gidT-PRM51 at JH-RV03 and JHPRMA47 at
JHT-RV06) stem countslecreased somewhat the year following treatment imjaleéomerthen
remainedrelatively constantor the remaining monitoring yeak/here success was high
(JHT-PRM21, 22, 45, and 49 at JRIV06(Figurel6 Figurel?, Figurel9); JHT-PRMJ7, 28, and 29

at site JHIRV02), no (or little)initial decrease in stem numbers was observestesmctounts
remained similagach year after treatment in some cases, increased over Tilese results are
consistent witlthe relatively high proportion of planted stems which is indicatitite ofatural
regenerationThe lowproportion plantedhat was recorded fam JHT-PRMO7 (site JHRV02)
(Tableb) was likelydue todifficulty in distinguishing planted from natural stems after several years
(seeRegehet al2023.

Watering of treatments in the first summer after planting was identified as generally improving
treatment success. However, some treatments were sueessfwithout watering and one
performed poorly even though it was watered. For example, watering did not occBRMOHT
(JHT-RV02), JHTPRM53 (JHIRVO03), and JHPRM21&22 (JHRVO06) but success was
nevertheless high. In such cases, amenablersitéasistics (e.g., partial shade) or treatment methods
(e.g., deep planting depth) compensated for lack of watering. In contrast, rocky conditiens at JHT
PRM34a (JH-RVO05) resulted in poor succdsspitevatering because the substrate was too coarse

to keep the stakes in contact with moist soil.

In summary, the generally good succesgygfereatments has been linked to deep planting depth
(planting stakes to at least mBwhich, depending on substrate conditions, frequently requires
machine use) disite characteristics that are conducive to stake survival and growth (e.g., partial shade,
soils not excessively coarse). Thus, high sun exposure, rocky conditions, or areas subject to excessivi
inundation should not be selected for treatment unlesssaamte feasible that would mitigate such
conditions (e.g., removing large rocks from backfill or planting stakes deeper to compensate for drying
conditions, planting at least one black cottonwood stake into craters to provide leaf litter and shade
for other species that are less drought tolerant where conditions are sunny and dry; seeetlso Regehr
al. 2022). Other important factors in success include applying woody debris, creating topographic
features that trap water and organics and avoid erosicimgsieecies for planting according to
tolerance to drought and/or inundation in accordance with site characteristics, and watering in the
first summer after planting.
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Figure 11 Good revegetation success of treatment-Ti (stakes planted into grid pattern
created in machine loosened cemented substrate) implemented in 2018 at JHT
RV03 (plot JHT-PRM53), seen here on September 13, 2022.

& of e

Figure 12 Good revegetation success of treatment-TUi (stakes planted into machine
loosened substrate into eggarton pattern), implemented in 2018t JHT-RV02
(plot JHT -PRM29), seen heren Septemberl3 2022.
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Figure 13 Good revegetatin success of i treatment (stakes planted intomachine-
loosened circle$, implementedin 2019t JHT-RVQ2 (plot JHT-PRM28), seen
hereon September 3, 2022.

iy
Figure 14 Revegetation performance of treatment -Qii (stakes planted into
machine-made trench and backfilled), implemented in 2020 at JHRVO05 (plot
JHT-PRM34a), was poor due to coarse, rocky substrate; photo taken on
September 12, 2022.
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Figure 15 Failure of treatment GLlii (stakesplanted into machine loosened substrate into
egg-carton pattern), implemented in 2018 at JHRVO02 (plot JHT-PRMO08),
was due to insufficient stake planting depth, excessive inundation, and lack of
watering; photo taken on September 13, 2022.

Figure 16 Excellent revegetation success dE-2i treatment stakesplanted into machine
loosened trenches)implemented in 2018at JHT-RV06 (plot JHT-PRM21),
seen hereon September 2, 2022.
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Figure17  Good revegetdon success of Clii treatment Gtakes planted into
machine-made trench and backfilledl, implementedin 2018at JHT-RV06 (plot
JHT-PRM22), seen hereon September 122022.

Figure 18  Vegetation growth increasechaturally (no treatment implemented) in control
plot JHT-PRM42 at JHT-RVO06 since 2018; photo takean September 3, 2022.
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Figure 19 Good revegetation success of -Cii treatment (stakes planted by hand into
complexed and stabilizd substrate), implemented in 2020 at JHRVO06 (plot
JHT-PRM45), seen here on September 15, 2022.
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