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EXECUTIVE SUMMARY  

JHTWORKS-3 is a 10-year program with the primary goal of improving the visual quality and riparian 

habitat values of high-profile reservoir shoreline areas impacted by fluctuating water levels of the 

Upper Campbell Reservoir. The program has three phases that are being implemented over the 

10 -year period: 1) identification/prioritization of sites for revegetation treatment trials (Phase 1: Year 

1, completed); 2) planning, trial implementation, and monitoring of revegetation treatment trials 

(Phase 2: Years 2-6, now completed); and 3) implementation of the final Revegetation Treatment Plan 

at additional sites around the reservoir (Phase 3: Years 7-10, to be initiated in 2023).  

During Phase 2, treatments were implemented as per prescriptions in the Phase 1 report (2018, Year 

1); however, in some cases modifications 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 for the remainder of Phase 

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 results of all 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), as-built (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, dominant substrate, soil 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 whether 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 between as-built and 2022 surveys. Speed 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 be associated with treatment trial success in Phase 2. 

The factors contributing to treatment trial success varied among treatment type and site. A-type 

treatments (on low slope or alluvial fan; 216-220 m), in which stakes were planted into stumps in 

alluvial fan areas (treatments A-1, A1i, A-1ii), resulted in effective and rapid revegetation at one of two 

sites (JHT-RV07). At this site, stakes were planted through the stumps (which were selected according 

to their elevation) into the substrate below, stumps were intact enough to prevent erosion of the soil 

within them, and environmental factors were conducive to success (e.g., lack of beaver activity and 

excessive inundation). At the other site (JHT-RV09), poor performance was attributed to erosion (due 

to less intact stumps and excessive inundation given lower planting elevation), as well as beaver 

activity. Although natural regeneration is also occurring on alluvial fans, several advantages of planting 
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into stumps were identified (e.g., stakes in stumps more likely to survive long periods of inundation 

than surrounding vegetation, increased visibility of stumps to recreational boaters). In low elevation 

areas where stumps are lacking, planting stakes into prepared substrate is likely to be successful 

provided that stake species are selected in accordance with elevation (preferentially selecting sites at 

elevations above 218 m to avoid excessive inundation), and planting methods (e.g., machine 

preparation, stake depth) are selected according to substrate characteristics. Watering, sun exposure, 

and drought were considered less important for A--type treatments due to increased likelihood and 

duration of inundation during the summer in comparison to higher elevation zones (i.e., C through 

D). 

B-type treatments (moderate slopes in the drawdown zone; 217-221 m) were not highly successful 

which was mainly attributed to site characteristics given the treatment methods applied (e.g., planting 

depth insufficient given sunny conditions). The best success was observed where the substrate was 

prepared (e.g., made rough and loose) and stakes were planted, or that relied on natural regeneration 

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; 217.6-221 m) were generally successful, especially when 

site characteristics were adequate and lessons learned throughout Phase 2 were applied. These included 

applying woody debris, creating topographic features that trap water and organics and prevent erosion, 

selecting species for planting according to tolerance to drought and/or inundation in accordance with 

site characteristics, and planting stakes deeply, such as into machine made trenches or craters. Watering 

was identified as generally improving treatment success although treatments were also successful 

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 D-type treatments (upland forest; above 220.5 m) was also generally good when 

recommendations from previous years were implemented. Greatest success was observed for D-3 

treatments (nursery stock was planted into terraces) and for D-1 treatments (stakes planted into 

terraces), if terraces were designed to pool water, 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 with 

eroding soils). 

Nine generalized treatments were recommended for Phase 3. Cost estimates, and rankings for 

expected relative success and speed of revegetation are provided for each treatment. These 

recommended treatments included preparing substrate (by hand or machine) without planting or 

watering (applicable to all elevation zones), planting stakes into prepared substrate (by hand or 

machine) with and without 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 (applicable to elevation zone A). Cost 

estimates were classified within seven categories and ranged from $2 to $55 per m2. Rankings for 

expected cost of treatment options, relative revegetation success, and relative revegetation speed 

coarsely reflect trade-offs to be considered 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 costs are highly variable 

among sites and years. Three general, high-level recommendations were also made for Phase 3: 1) that 

areas are selected for treatment according to favourable site characteristics and budget, 2) that a 

treatment plan is developed for each site selected 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 River Water Use Planning (WUP) process reached completion in 2012, several 

concerns remained with respect to the effects of BC Hydro operations on 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) (Map 1), caused by operational changes in water level and accompanying wind and wave 

action (BC Hydro 2016). Between 1996 and 2004, the Upper Campbell Reservoir operated under a 

higher than normal annual water budget. Specifically, the maximum summer operating regime was 

raised by 0.5 m which caused the removal of substrate and vegetation from an additional 0.5 m band 

of shoreline around the reservoir equivalent to approximately 440 ha. However, since 2004, reservoir 

operations have returned to lower summer maximum water levels (Figure 1) and these eroded 

shoreline areas have been left exposed and unvegetated (see Ballin et al. 2018b for more details). Given 

the resultant visual impacts, the WUP Consultative Committee identified the need to improve the 

aesthetic quality of the exposed shoreline in locations visible from high-use recreation areas. 

Consequently, the Comptroller of Water Rights issued a Water Act Order that required a terms-of-

reference be written to òidentify, prioritize and revegetate highly visible reservoir perimeter sites within 

the drawdown zoneó (Comptroller of Water Rights 2012). To address these priorities, the Upper 

Campbell Reservoir Drawdown Zone Revegetation Program (JHTWORKS-3) (òthe Programó) was 

initiated (BC Hydro 2016).  

JHTWORKS-3 is a 10-year program with the primary goal of improving the visual quality and riparian 

habitat values of high-profile reservoir shoreline areas of the Upper Campbell Reservoir impacted by 

fluctuating water levels from reservoir operation. Accomplishment 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 resource values, wildlife habitat, and an increase in shoreline stability.  

JHTWORKS-3 has three phases to be implemented over the 10-year period: 

1) identification/prioritization of sites for revegetation treatment trials (Year 1, completed); 2) 

planning, trial implementation, and monitoring of revegetation treatment trials (Years 2-6, now 

completed); and 3) implementation of the final Revegetation Treatment Plan at additional sites around 

the reservoir (Years 7-10, to be initiated in 2023). In Phase 1, highly visible reservoir perimeter sites 

within high recreational use areas, that have high potential for revegetation and natural recolonization 

success, were identified for revegetation treatment. Baseline information on these sites and associated 

treatment prescriptions are presented in the Year 1 report (Ballin et al. 2018a). An effectiveness 

monitoring program was also developed that outlines how the success of revegetation treatments is 

being evaluated (Ballin et al. 2018b).  

During Phase 2, several treatment trials 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: 

Laich-Kwil-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 Phase 2 (Regehr et al. 

2019, Regehr et al. 2020, Regehr et al. 2021a, Regehr et al. 2022). Treatment trials were implemented 

between 2018 and 2021, and no additional treatments were 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 

implementation at additional sites around the reservoir in Phase 3 (Years 7 to 10).  

The objectives of this Year 6 report are to present the final results of Phase 2 monitoring, which will 

direct revegetation efforts in Phase 3. Revegetation success in the Phase 2 treatment trials, as evaluated 

from effectiveness monitoring, are summarized in Section 3 of this report. This involved outlining the 

monitoring methods, then comparing performance among treated areas (that varied by treatment and 

site characteristics) and to control sites where no treatments were implemented. These comparisons 

allowed identification of key factors associated with treatment performance. Following this, treatment 

recommendations are provided along with approximate costs to be considered for planning of Phase 

3 treatments (Section 4). Given the large number of treatments trialled during Phase 2 and that many 

factors affect treatment success, recommended treatments for Phase 3 were generalized from factors 

of the treatment trials associated with revegetation success.  

Figure 1. Upper Campbell Reservoir Operation Zone (reproduced from BC Hydro 2012). 
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Map 1. Project Area Overview. 

  

Map 1 
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2. BACKGROUND 

Nine revegetation sites were initially identified for treatment within the Upper Campbell Reservoir 

(including Buttle Lake and Upper Campbell Lake) in the Year 1 report (Ballin et al. 2018a) (Table 1, 

Map 2; see additional maps in Appendix A). One of these (JHT-RV01) was later removed, because it 

had been the only site along Upper Campbell Lake; thus, all revegetation treatment sites are located 

along Buttle Lake. For revegetation of the eight selected sites, four distinct treatment types (labelled 

A through D; also referred to as elevation zones) were identified, which differ by elevation relative to 

reservoir operations, slope, substrate, and other environmental factors that affect the optimal types of 

revegetation treatments that could be implemented (described in Table 2). Specific treatment 

prescriptions were identified in the Year 1 report for each treatment site (see Table 2 and Tables 8 

through 11 in Ballin et al. (2018a) for details on revegetation treatment prescriptions), including control 

treatment types, in which no treatment would be implemented, to support the effectiveness 

monitoring plan (Ballin et al. 2018b). In total, 48 treatment areas (equivalent to, and used 

interchangeably with, mapped ôpolygonsõ), including controls, were identified within the eight 

revegetation sites (with 2 to 14 treatment areas per site). A minimum of one uniquely labelled 

permanent monitoring plot was established within each treatment area that is considered 

representative of that treatment area and by which each treatment area can be identified. Some changes 

to treatment areas have been made since the Year 1 report, based on logistics, site-specific 

considerations, and lessons learned. These modifications from the original plan (Ballin et al. 2018a) are 

described in the annual workplans (Woodruff et al. 2018, Woodruff et al. 2019, Ballin et al. 2020, 

Regehr et al. 2021b, Newbury et al. 2022) and implementation summary reports (Regehr et al. 2019, 

Regehr et al. 2020, Regehr et al. 2021a, Regehr et al. 2022). 

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 (Ballin et al. 2018b). Baseline data were primarily collected in 2017 

during program development (Ballin et al. 2018a), but in some cases baseline data were collected 

immediately prior to implementing the treatment. 

The work conducted in 2018 represented the first year of Phase 2 of the JHTWORKS-3 program, 

and revegetation treatment trials were implemented at three revegetation sites (JHT-RV02, JHT-

RV03, JHT-RV06), which were selected to maximize efficiency for machine access. In 2019, 

revegetation work was conducted at five sites (JHT-RV02, JHT-RV04, JHT-RV07, JHT-RV08, and 

JHT-RV09), and because the spring of 2019 was unusually dry, a watering program was implemented 

during the spring and early summer to increase survival of spring plantings. In 2020 and 2021, 

revegetation work was conducted at four sites (JHT-RV03, JHT-RV04, JHT-RV05, and JHT-RV06) 

and two sites (JHT-RV04 and JHT-RV09), respectively, and the watering program was continued. As-

built data were collected immediately following treatment trial implementation in all years that 

treatments were implemented, and effectiveness monitoring was conducted in 2019, 2020, 2021, and 

2022. In 2022, no treatments were implemented but monitoring was continued. The watering program 

was also continued in 2022, although due to a wet spring and early summer, watering was only 
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implemented from mid-July to early September (Appendix G). Details of treatment trial 

implementation and effectiveness monitoring results to 2021 are presented in the annual reports 

(Regehr et al. 2019, 2020, 2021a).  

Table 1. Revegetation sites selected for revegetation trials, elevation ranges of 

polygons treated, and the year(s) during which sites were treated during 

Phase 2 of the Program. Details of treatment locations are provided in 

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-RV03 2018, 2020 217 - 231

Rainbow Island Marine CampsiteJHT-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-RV07 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 types (revised from 

Ballin et al. (2018a)).  

  

Label Treatment 

Type

Description 

A Low slope or 

alluvial fan 

These areas have slopes under 5% and occupy alluvial fans or shallow bays. These 

areas are typically inundated June through August. Inundation at other times of the 

year is common but timing and duration varies annually. They are typically well 

vegetated  with herbaceous species at lower elevations (i.e., below 219 m), and with 

taller shrubs and trees at progressively higher elevations. The primary objective for 

revegetation of these areas is increasing visibility of lower elevation shallow areas 

and stumps to reduce the hazard for boaters. This treatment type supports all of the 

vegetation communities listed in Section 2.1; however, the target area for 

revegetation is occupied by the lowest two communities - 'spearwort lakeflat' and 

'hairgrass - water sedge', as well as the mudflats that occupy lower elevations than 

these two communities.

B Moderate 

slope 

drawdown

These areas have slopes under 15%. They are typically sparsely vegetated with 

patches of herbs and patches of deciduous shrubs. This treatment type occupies 

elevations suitable for the 'tall and short Sitka willow - water sedge' deciduous shrub 

communities (i.e., 217.8+ m) (Section 2.1.3) as well as the upper extent of the 

drawdown zone that may be capable of succeeding into terrestrial vegetation 

communities. Lower elevations of these areas are typically inundated June through 

August. Inundation of upper elevations is also fairly common June through August. 

Timing and duration of inundation during other seasons varies annually. The primary 

objective for revegetation is increasing the shrub cover to improve visual quality and 

riparian habitat, and support vegetation succession, where possible. 

C Steep upper 

drawdown

These areas have slopes over 15%. They are typically not vegetated to very sparsely 

vegetated with deciduous shrubs. These areas can be inundated at various times 

throughout the year but are more likely to be inundated June through August than at 

other times of the year. Inundation of these areas is less common than inundation of 

A and B treatment types. This treatment type occupies elevations suitable for the 

'tall and short Sitka willow - water sedge' deciduous shrub communities (i.e., 217.8+ 

m) (Section 2.1.3) as well as the upper extent of the drawdown zone that may be 

capable of succeeding into terrestrial vegetation communities. The primary objective 

for revegetation is increasing the shrub cover to improve visual quality and riparian 

habitat, and support vegetation succession, where possible. 

D Steep upland 

forest

These areas have slopes over 45% and are in a perpetual state of erosion. They are 

typically not vegetated to sparsely vegetated with herbs, low lying shrubs or the odd 

large Douglas-fir or Pacific dogwood tree that has slid down the slope and remains 

rooted above. This treatment type occupies elevations above the current and past 

'full pool' of the reservoir (i.e., above 221.0 m) and thus are not, nor have ever been 

inundated by reservoir operations. These elevations are suitable for establishment of 

'upland forest' communities (Section 2.1.4). The primary objective for revegetation 

of these areas is increasing vegetative cover to stabilize the slope, which will help 

enable vegetation to establish and grow to improve visual quality.
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3. REVEGETATION TREATMENT TRIALS ð 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 (Ballin et al. 2018b). Effectiveness monitoring was 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), as-built 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 adaptively modify 

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 below first present the methods used for effectiveness monitoring, then present a 

summary of Phase 2 monitoring results by treatment type (A through D; Table 2), which is considered 

to be most useful for Phase 3 planning and implementation. Summaries of monitoring results by site 

(the approach taken in previous reports) are also provided (Appendix D). 

3.1. Methods 

3.1.1. Effectiveness Monitoring 

Effectiveness monitoring involves comparing vegetation establishment within established 50 m2 

(circular 3.99 m radius) monitoring plots (considered representative of that treatment area) among 

time periods, including pre-treatment (baseline), immediately after treatment (as-built), and in future 

years (monitoring). Baseline data were primarily recorded in 2017 (Appendix F in Ballin et al. 2018a) 

but were also recorded in 2018 (Appendix C in Regehr et al. 2019), in 2020 (Appendix C in Regehr et 

al. 2021a), and in 2021 (Appendix C in Regehr et al. 2022). 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 collection within monitoring plots, a site visit was conducted by a 

qualified 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.  

Baseline data, as-built data, and monitoring data were collected following the methods described in 

Appendix C of Ballin et al. (2018b). Data collected included vegetation stem counts with descriptions 

of ecological and physical environmental setting for the entire treatment area, and photographs from 

established photopoint monitoring locations. Stem count data from 50 m2 plots allows quantitative 

evaluation of revegetation success over time and comparisons can be made among plots differing by 

treatment type and location. 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. Further, some stakes 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 reflection of treatment success. Ecological and physical environmental setting 
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data were collected, characterizing vegetation response, site characteristics, and disturbance factors 

(including inundation by the reservoir), to allow quantitative and qualitative comparisons of changes 

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). Photopoint 

monitoring was also conducted providing an 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 constraints and challenges 

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 flag at the 1 m height mark was 

temporarily placed at each plot center to provide a gauge for plant height and thereby facilitate this 

assessment during photopoint monitoring. The presence of invasive species was recorded during 

monitoring and site visits but not counted as living vegetation (i.e., did not count towards revegetation 

success).  

An additional monitoring method was implemented in 2021 for stump planting treatments (A-1, A-

1i, and A-1ii) because stumps are distributed too far apart for many to occur within the 50 m2 

monitoring plots. As recommended in the Year 4 report (Regehr et al. 2021a), 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 (whether the 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 stake status (live or 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 (Ballin et al. 2018b) states that two additional 

types of data will be collected: 1) environmental/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, which would allow 

qualitative or statistical evaluation of the revegetation success and environmental setting. Although 

photopoint monitoring using a drone was originally proposed (Ballin et al. 2018b), this method was 

discarded from annual monitoring following budget re-prioritization. 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 

qualitatively 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 to inform recommendations for Phase 3. Key factors potentially affecting treatment 

performance were related to site characteristics (elevation, aspect, slope, substrate compactness, 

dominant substrate, soil moisture, and sun exposure) and treatment methods (season treated, stake 

planting depth, species planted, 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 treatment performance 

given that inundation is dependent on the elevation of the treatment in relation to reservoir water 

levels, which may vary greatly among years. 

Performance of each treatment was evaluated based on 2022 monitoring results. Stem counts in 

monitoring plots in 2022 were compared to baseline and as-built, and the proportion of stems planted 

(as opposed to naturally revegetated) was calculated when possible. The overall treatment performance 

rating (high, medium, or low) was based mainly on the change in stem counts between as-built and 

2022 surveys. Because some plant mortality is expected in any revegetation program, success was 

considered high when stem counts in 2022 had increased relative to as-built or had decreased by less 

than 20% (survival of 80% is a standard performance metric used for riparian revegetation evaluation; 

DFO and MELP 1998; Appendix D). Because all living stems are counted, however, regardless of 

whether they were planted or regenerated naturally, the proportion of stems planted (as opposed to 

naturally regenerated) is an important statistic to consider additionally when evaluating treatment 

success because high stem counts may not necessarily be indicative of treatment success (i.e., natural 

regeneration may have occurred regardless). Conversely, natural regeneration can be enhanced 

through ground preparation, and can therefore contribute to revegetation success, even if the survival 

of planted plants within the prepared area was poor; 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 speed of revegetation 

success was evaluated as fast, medium, or slow if success became apparent within one year, two years, 

or more than two years, respectively. The species most successful was evaluated by comparing the 

number of stems of each species in 2022 to as-built numbers. 

3.2. Results 

The four sub-sections below present evaluations of each treatment implemented in Phase 2 by 

treatment type/elevation zone based on performance documented in 2022. For each treatment 

type/elevation zone (i.e., treatment  A through D), a table summarizes, by monitoring plot, key factors 

potentially associated with performance in Phase 2. To simplify use of the tables, cells were merged 

when all values were the same for a treatment within a site. Recommendations for treatments to be 

implemented in Phase 3 were based on the factors found to be most strongly associated with 

revegetation success, and these are presented and discussed in Section 4. 

Appendices of this report provide treatment trial site maps for each year (Appendix A), site-specific 

restoration profile maps as of fall 2022 (Appendix B), results of monitoring conducted in 2022 at all 

areas previously treated (Appendix C), a summary of effectiveness monitoring results by site 

(Appendix D), photopoint monitoring results (Appendix E), monitoring results of individually tagged 

stumps (Appendix F), watering program summary for 2022 (Appendix G), and guidance for planting, 

which was initially developed in 2020 and updated in 2021 (Appendix H). 
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3.2.1. Treatment A: Low slope or Alluvial Fan 

Four different treatments were implemented in low slope or alluvial fan areas (A-type treatments; 

Table 3). These can be divided into two groups: 1) stakes planted into stumps at JHT-RV07 and 

JHT--RV09 (treatments A-1, A-1i, and A-1ii); and 2) stakes planted into machine-loosened craters in 

flat topography and cemented soil conditions at JHT-RV05 (treatment A-2iii). As discussed in the 

Year 5 report (Regehr et al. 2022), 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 

treatment areas where stump planting was conducted. Thus, several individual stumps within 

treatment areas were tagged and monitored (Appendix F). General observations of the treatment areas 

during qualitative site visits were also used to evaluate treatment performance.  

Treatment A-1, which involved planting stakes into stumps and backfilling, was highly successful at 

JHT--RV07 (treatment implemented in 2019; Table 3) but not at JHT-RV09 (treatment implemented 

in 2019 and 2021; Table 3). Good success at JHT-RV07 was especially apparent from 2021 monitoring 

results; success decreased somewhat in 2022. High success in JHT-RV07 was attributed to planting 

methods as well as site characteristics. Most of the stakes were planted into the substrate under stumps 

(which was possible due to low substrate compactness) and stump cavities were then backfilled; thus, 

even when soil within the stumps was eroded by inundation, many stakes survived because they were 

rooted in the soil beneath the stump. Also, stumps with appropriate elevations were selected for 

planting so that stakes gained the benefit of inundation without being inundated for too long 

(Figure 2). Poor success of treatment A-1 at JHT-RV09 was attributed to beaver activity and erosion, 

given that stumps were generally less intact here and at lower elevations than at JHT-RV07 (Figure 3). 

This is apparent in results from monitoring plots (Appendix D) as well as individually tagged stumps 

in the treatment areas (Appendix F). 

Natural regeneration is also occurring in the JHT-RV07 A-1 treatment areas. Woody vegetation, 

especially willow, is regenerating naturally in the alluvial fan (Figure 2), and most stems in monitoring 

plots had regenerated naturally (Table 3). Hardhack (Spiraea douglasii) has also successfully regenerated 

naturally (was not planted; Appendix C). Nevertheless, comparison to control plots indicates that 

treatment A-1 was generally successful in improving vegetation establishment above what occurred 

naturally. Although in two of nine control plots (JHT-PRM36 and JHT-PRM38 at JHT-RV09) 

vegetation had established naturally by 2022 (i.e., stem counts had increased substantially), in most (six 

of nine) control plots, stem numbers had decreased over time or little change was apparent (Appendix 

D). In one control plot (JHT-PRM17 at JHT-RV07), although stem numbers had decreased in 2022, 

the increase in size of woody vegetation was visually apparent (Appendix E; Figure 4).  

Reduced success at JHT-RV07 in 2022 relative to 2021 was likely caused by inundation which was 

longer and extended to higher elevations in 2022 and adversely affected naturally regenerating 

vegetation. This is evident when comparing living stem numbers for 2021 and 2022 between 

monitoring plots and individually tagged stumps in the treatment areas: in 2022, when inundation was 

greater, stem numbers had decreased in the monitoring plots (Appendix D) where most stems were 
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naturally regenerating, whereas stem numbers had changed little (increased by one stem) for the tagged 

planted stumps (stake height also increased for most tagged stems; Appendix F).  

At JHT-RV07, where the A-1 treatment was successful, the speed of revegetation was rapid (within 

one season), with vigorous growth of stakes observed (Regehr et al. 2020). Willow (Salix sp.) was most 

successful, based on monitoring plots (Appendix C) as well as general observations of the areas 

treated, although willow was also the most common stake planted (Regehr et al. 2020, 2021a, 2022). 

As noted in previous reports, stakes planted into drilled holes were not as successful as those planted 

into natural holes likely because there was generally less soil, nutrients, and water available for plant 

establishment (Regehr et al. 2020, 2022). However, although growth in such stumps has not been as 

successful, some stakes planted into drilled holes were still growing in 2022, suggesting that this 

approach can also be successful but is likely to be slower. Stakes growing in drilled holes also have not 

grown as tall as those growing in natural holes to date (Appendix F). 

When results between A-1i and A-1ii were compared, which differed in the use of sea soil added to 

stumps at JHT-RV09, no difference was noted and in general, success was poor. Of the 41 and 40 

stems counted within monitoring plots during as-built surveys in JHT-PRM62 and JHT-PRM63 in 

2021, respectively, no planted stems were counted in 2022 (Appendix D). Some loss of stems in 

individually tagged stumps between 2021 and 2022 was also observed (Appendix F). Poor success was 

already documented after one growing season and was attributed to beaver browsing as well as 

inundation, given that the soil had been washed out of the stumps despite the coir cloth liner (Regehr 

et al. 2022). The cloth liner was evaluated as having been too thin to retain soil during inundation, and 

it was speculated that a heavier cloth could perform better although this has not been tested. Thus, it 

is believed that poor success of these variations on treatment A-1 were due to site characteristics (i.e., 

beaver activity and the lack of intact stumps capable of retaining soil) rather than the treatment, and 

that these variations would be at least as successful as A-1 if conditions were better. Because both A-1i 

and A-1ii failed, it was not possible to evaluate the benefit of the use of sea soil over local soil. 

Treatment A-2iii (for which soil was loosened with an excavator to a depth of 60-80 cm in circular 

craters, within which stakes were planted with a planting bar) was implemented in a flat area adjacent 

to the steep upper drawdown slope at JHT-RV05. As documented in Regehr et al. (2021a, 2022), rocky 

compacted ground (spoil from dredging) resulted in sub-optimal site preparation and stake planting 

depth (only a mini-excavator could be used) (Table 3). In addition, inundation by the reservoir had 

flattened out craters intended to catch water and organic debris, competition by grass was noted, and 

black cottonwood (Populus balsaminfera ssp. trichocarpa) stakes, which had been intended to be included 

in each crater to provide shade and organic debris, had not been planted (Regehr et al. 2022). Thus, 

treatment success was poor (Figure 5). However, a treatment that allows deep planting in machine-

made craters or trenches, is likely to be successful at low-slope sites without stumps, provided that 

stake species are selected in accordance with their tolerance for inundation and the site elevation (i.e., 

expected inundation) and that substrate is prepared and stakes are planted in accordance with site 

characteristics (e.g., machine brought in to allow deep planting when soil is rocky and/or compacted). 
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In summary, all treatments for which stakes were planted into stumps located in low elevation areas 

(treatments A-1, A1i, A-1ii) that have seasonal inundation have the potential to provide effective and 

rapid revegetation, provided that 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 are conducive to success (e.g., 

lack of beaver activity and excessive inundation). Success is likely to be further improved by backfilling 

holes with sea soil, provided that stumps are relatively intact. It was also observed that erosion was 

less in stumps that had their openings oriented away from the lake fetch. On low slope, low elevation 

areas that lack stumps, stakes are likely to be successful if species are selected in accordance with 

elevation (which reflects inundation duration), and planting is conducted (e.g., machine preparation, 

stake depth) according with substrate conditions. Watering did not improve treatment success and, in 

general, watering was not considered important for A-type treatments owing to the seasonal 

inundation that the treatments in this elevation 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. 

Although monitoring results to date suggest that alluvial fan areas could also be left to regenerate 

naturally, planting stakes into stumps has several benefits. First, planting into stumps increases the 

speed of revegetation. Second, excessive inundation (which is likely to occur in some years) is likely 

to negatively affect naturally regenerating vegetation more than vegetation planted into stumps given 

the higher elevation that stumps provide (as determined from the comparison of stem numbers 

between monitoring plots and tagged planted stumps in JHT-RV07 in 2021 and 2022, described 

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 revegetation success of the A-1 treatment (stakes planted into 

holes in stumps), implemented in 2019 at JHT-RV07 (plot JHT-PRM19), along 

with natural regeneration. Photo shows partial inundation of the treatment area 

on September 13, 2022. 

 

Figure 3. Poor revegetation success of the A-1 treatment (stakes planted into holes in 

stumps), implemented in 2019 at JHT-RV09 (plot JHT-PRM61), which is 

shown substantially inundated on September 15, 2022. 
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Figure 4.  Vegetation in control plot (no treatment implemented) JHT-PRM17 at JHT-

RV07, on September 13, 2022, for comparison to the nearby treated JHT-

PRM19 (above). 

 

Figure 5. Poor performance of A-2iii treatment (stakes planted into machine-loosened 

craters), implemented in 2020 at JHT-RV05 (plot JHT-PRM58), seen here on 

September 12, 2022. 
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Table 3. Summary of factors that affected performance of treatments implemented in low slope or alluvial fan areas (A-type treatments, 216-220 m) as identified in previous years and aspects of performance as 

assessed in 2022. See Appendix D for summaries of Phase 2 monitoring results by year for each site.  
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 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).

1 S Y N N

JHT-RV07

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

1
 W - Sitka willow; ACT - Black Cottonwood; GR - red-osier dogwood; FD- Douglas-fir; OG - Oregon grape; NR - Nootka rose.

Stakes (ACT, GR, W) planted into 

stumps, into natural cavities and 

drilled holes

Stakes (W) planted into stumps lined 

with coir cloth

N

N

N

N

F

Y

N

8 
Y- 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 ends)); N- no.

218.5 90 L F H FS

218.0 L M FS N

H

12
 H - 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 living stems that had been planted (as 

opposed to naturally regenerated), and the speed of success was also taken into consideration. 

13
 T - 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)

A-1

7
 Y - yes; N - no.

4
 M - mesic; SM- submesic; X - xeric; SX - subxeric; VX - very xeric; H - hygric; SH - subhygric.

6
 S - spring; F- fall.

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

10 
F - fast (success apparent within one season or one year); M - medium (success apparent in two years); S - slow (success apparent in three years).

9
 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).

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

E

S

H

H 0.8

2019

2021

>1

Å Best success when planted into natural more intact stump cavities, but below substrate with planting bar

Å Light coir cloth did not prevent soil erosion from stumps

Å For stump treatments, monitoring plots do not represent performance well due to distribution of stumps 

and size of plots (most stems in plots are naturally regenerating)

Å Natural regeneration is also occurring (low proportion planted), suggesting performance is due to both 

treatment and site conditions; however, naturally regenerating plants are more likely to be lost during heavy 

inundation 

Å Treatment effects were rapidly apparent, whereas natural regeneration progressed more slowly

Å Willow was the most successful species, given its tolerance to inundation

Å Reduced success in 2022 relative to 2021 was likely due to greater inundation (longer and to higher 

elevations) that removed naturally regenerating stems

Å Reduced success in JHT-RV09 relative to JHT-RV07 was due to beaver activity and less intact stumps 

(erosion of soil) at JHT-RV09 (i.e., difference in site conditions)

A

(216-220 m)

F

Å Treatments A-1i and A-1ii had poor success due to inundation and beaver activity (site conditions)

B

Sð L

W

ð

Site Characteristics Treatment Methods Performance
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3.2.2. Treatment B: Moderate Slope Drawdown 

Three treatments were implemented in moderate slopes (B-type treatments; Table 4). These were 

implemented at three sites: JHT-RV02, JHT-RV06, and JHT-RV08. 

Treatment B-1i (rough and loose topography on a moderate slope without planting) implemented at 

JHT-RV02 (JHT-PRM09) in 2018 was considered quite successful by 2021 although naturally 

regenerating plants, on which the treatment depended, were slow to colonize the prepared substrate 

(Regehr et al. 2022). However, few stems were counted during 2022 monitoring relative to previous 

years (Appendix C; Figure 6). Increased treatment success in 2021 relative to previous years (increased 

from 4 and 3 stems in 2019 and 2020, respectively, to 22 in 2021), followed by subsequent failure in 

2022 (reduced to 3 stems), is apparent in yearly summaries (Appendix D) as well as from photopoint 

monitoring results (Appendix E). Reduced success in 2022 was likely due to excessive inundation, 

given the low elevation of the site. This is apparent from the high survival of willow, which is most 

tolerant to inundation, relative to Douglas-fir (Pseudotsuga menziesii): only one willow stem was lost 

between 2021 and 2022 (4 stems in 2021 (Appendix E in Regehr et al. 2022); 3 stems in 2022 

(Appendix C)), whereas no Douglas-fir stems survived (13 stems in 2021; no stems in 2022).  

Treatment B-2i (localized rough and loose treatment into which Sitka willow and red-osier dogwood 

(Cornus stolonifera) stakes were planted within excavator-loosened circles) was implemented in 2018 in 

one polygon (JHT-PRM50) at site JHT-RV06 in 2018. Good success was observed in this treatment 

area in the last three years (Figure 7), although poor survival of stakes was initially noted (in 2019) 

(Appendix D) and was attributed to soil compaction and rocky substrate (Regehr et al. 2020, 2021a, 

2022). Although the substrate was machine-loosened to 80 cm in depth within circles or craters, 

substrate conditions affected the ability to plant stakes deeply (stakes were planted by hand into the 

machine-prepared substrate). Additionally, the machine-loosened craters became flattened over time, 

which may have affected their ability to retain water and collect organic debris as intended. Overall, 

the numbers of stems did not change much over the monitoring years since the year following planting 

(initially about 50% of stakes were lost), and approximately half the living stems in JHT-PRM50 were 

from natural regeneration (Appendix D). There was little difference in survival by species (red-osier 

dogwood stakes appear to have survived (or recolonized) marginally better than willow; Appendix C). 

Increasing vegetative growth over the years is apparent in photopoint monitoring results (Appendix 

E) and it is likely that natural regeneration was improved through loosening of the substrate and thus 

contributed to success of this treatment. Although the B-type control plot at this site (JHT-PRM56) 

showed similar or better performance in terms of numbers of stems (Appendix D; Figure 8), it had 

been noted in previous years (Regehr et al. 2021a, 2022) that there was local variation in survival within 

the treatment area in relation to planting depth (growth was superior in plants outside of the 

monitoring plot that had been planted more deeply). Thus, the treatment performed better relative to 

the control than apparent from monitoring plot results. 

Treatment B-2 (planting deciduous stakes by hand without ground preparation) was implemented at 

JHT-RV08 (plot JHT-PRM40) in spring 2019 on moderate slopes in the upper drawdown zone. 

Numbers of stems dropped for two years then remained relatively constant. It was apparent from the 
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results of previous years that most stems present in 2022 had regenerated naturally1; thus, they would 

have done so without the treatment since no ground preparation had taken place. Lack of success of 

planted stakes has been attributed to insufficient depth of planting and to environmental and substrate 

conditions, given that the area has full sun exposure and there is competition by grasses in lower areas 

(Regehr et al. 2021a). However, in spite of poor performance in the monitoring plot, in the planted 

area as a whole, revegetation is progressing well (Figure 9, Appendix E; this was also noted during the 

qualitative site visit on October 13), especially on gravel bar areas (shrubby growth is less successful 

in lower areas where grass is competing). Also, as noted in Regehr et al. (2022), results in the 

monitoring plot do not fully represent success for this treatment due to heterogenous ground 

conditions in the planting area. Nevertheless, the amount of natural regeneration present in the 

treatment plot along with greater success in the control plot (B-3) at this site (JHT-PRM39; Appendix 

D; Figure 10) suggests that the treatment itself did not cause this success but that natural regeneration 

would have taken place regardless. In general, vegetation colonization and growth was similar in 

control plots (for B-type treatments) as it was in treated areas. In addition to the control plots in 

JHT-RV06 and JHT-RV08 described above, two of three B-type control plots in JHT-RV05 

performed quite well (JHT-PRM31 and JHT-PRM32), with stem numbers having increased since 2018 

(Appendix D). In one control plot (JHT-PRM30), little difference from baseline was documented in 

2022, although stem counts had been higher in 2021. 

In summary, B-type treatments did not perform well considering the revegetation observed in control 

plots. This moderate to poor success of treatments was attributed to inadequate site characteristics 

(e.g., excessive inundation, compacted and rocky substrate, full sun exposure), given the treatment 

methods applied (e.g., planting depth insufficient given sunny conditions). Watering was not 

associated with treatment performance, likely because other factors were more influential (e.g., 

substrate too rocky, stakes not planted deeply enough). Overall, the best success was observed where 

the ground was prepared, and stakes were planted or natural regeneration could proceed. When stakes 

are planted into hollows in rough and loose substrate, better success is expected if this occurs at slightly 

higher elevations to avoid excessive inundation (given that stakes are planted down into the substrate 

where elevation is even lower and where water will therefore pool for longer periods of time). Selection 

of sites with some shade and avoidance of sites with rocky substrates and high sun exposure is also 

expected to improve success of these treatments. When substrate is prepared but no stakes are planted, 

natural regeneration is likely to be successful, although this may take time because environmental 

conditions may not be conducive to the colonization of all species that arrive by natural means; thus, 

vegetation growth may fluctuate over the years until species adapted to the site conditions become 

well -established.  

 

 
1 The proportion planted could not be determined in 2022 (Table 4); however, results from 2020 (only 5% of stems had 

been planted; Appendix D) indicated that most planted stems had been lost in the first year after treatment. 



JHTWORKS-3 - Revegetation Treatment Report - Year 6 Page 18 

1230-66 

Figure 6. Moderate revegetation performance of treatment B-1i (prepared substrate 

without planting) implemented in 2018 at JHT-RV02 (plot JHT PRM09), 

following good success observed in 2021, likely due to excessive inundation in 

2022; photo taken on September 13, 2022. 

 

Figure 7. Moderate vegetation growth from stakes and natural regeneration in treatment 

B-2i (localized rough and loose treatment into which Sitka willow and red-osier 

dogwood stakes were planted within excavator-loosened circles), implemented 

in 2018 at JHT-RV06 (plot JHT PRM50), seen here on September 12, 2022. 
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Figure 8. Vegetation in control plot (no treatment implemented) JHT-PRM56 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 JHT-RV08 (plot JHT 

PRM40), treated with the B-2 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) JHT-PRM39 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 affected performance of treatment trials implemented in moderate slope drawdown areas (B-type treatments) as identified in previous years and aspects of performance as 

assessed in 2022. See Appendix D for summaries of Phase 2 monitoring results by year.  
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Substrate made rough and loose; no 

planting

B-1i JHT-RV02 JHT-PRM09 2018 218.0 220 15 L SG M FA F ð Y ð N N N Y N 3 0 0 ð S W M Å Successful in 2021; failed in 2022 likely due to inundation in 2022 (with occurred for longer and to higher 

elevations than in 2021) 

Å Success depends on chance natural colonization by appropriate species during right conditions (e.g., 

willow survived best which is most flood tolerant), which is likely to be successful in the long term but 

takes time

Stakes (GR, W) hand planted into 

rough and loose substrate

B-2i JHT-RV06 JHT-PRM50 2018 220.0 270 H C X FS F 0.8 Y N N N N Y N 31 0.58 ð -59 M ð M Å Moderate success due to soil compaction and rocky substrate; craters have been flattened out by waves 

over time; however, natural regeneration was likely enhanced by substrate treatment

Stakes (ACT, GR, W) hand planted 

without site preparation 

B-2 JHT-RV08 JHT-PRM40 2019 218.2 220 4 L F SH FS S 0.6 N Y N N N N Y 26 ð -63 -78 ð W L Å Natural regeneration was almost entirely responsible for vegetation present in 2022

Å Poor success was attributed to insufficient planting depth and site conditions (sunny exposure, 

competition by grass)

Å Vegetation growth in the treatment area is progressing well especially on gravel bar areas (less successful 

in lower areas where grass is competing) and monitoring plot results do not fully represent success for this 

treatment

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).

Site Characteristics Treatment Methods Performance

7
 Y - yes; N - no.

4
 M - mesic; SM- submesic; X - xeric; SX - subxeric; VX - very xeric; H - hygric; SH - subhygric.

6
 S - spring; F- fall.

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

11 
F - fast (success apparent within one season or one year); M - medium (success apparent in two years); S - slow (success apparent in three years).

9
 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).

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

13
 H - 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 living stems that had been 

planted (as opposed to naturally regenerated), and the speed of success was also taken into consideration. 

10
 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 baseline/as-built, and negative values indicate a 

decrease in stem numbers negative to baseline/as-built.

8 
Y- 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 ends)); N- no.

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

1
 W - Sitka willow; ACT - Black Cottonwood; GR - red-osier dogwood; FD- Douglas-fir; OG - Oregon grape; NR - Nootka rose.
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3.2.3. Treatment C: Steep Upper Drawdown 

Two treatments were implemented in steep upper drawdown areas (C-1ii an C-2i; Table 5). C-type 

treatments were implemented at JHT-RV02, JHT-RV03, JHT-RV05, and JHT-RV06. 

In general, most C-type treatments were successful. Most C-1ii and C-2i treatments relied on machine 

use to loosen soil and allow planting of stakes deeply, although the manner in which this was done 

differed (e.g., circles, trenches, rough and loose grid-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 stakes were planted, that would collect water and organic materials, 

while retaining cemented soils around these pockets to help resist erosion (e.g., treatment C-1ii in 

JHT-PRM53 at site JHT-RV03; Figure 11). Highest success was observed where stakes were planted 

deeply and watering was implemented (e.g., treatment C-1ii in JHT-PRM29 (Figure 12) and treatment 

C-2i in JHT-PRM28 (Figure 13), both at JHT-RV02). In some cases, survival of stakes was linked to 

drought-tolerance 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), and applying stumps backfilled with lake bottom fines and organics to the planting areas to 

increase moisture retention, as well as differences among years in weather. Lowest success of 

treatments was observed where site characteristics were poor, such as high sun exposure and rocky 

soil. For example, performance of treatment C-1ii in JHT-PRM34a (site JHT-RV05) (Figure 14) was 

poor although watering was implemented. This was mainly attributable to rocky soils that led to drying 

out of stakes because the rocks in the backfill prevented contact between the stakes and moist soil 

(Regehr et al. 2022). At JHT-PRM08 (site JHT-RV02), insufficient stake planting depth (no planting 

bar was used), as well as lack of watering and excessive inundation, resulted in poor performance 

(Figure 15). 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 backfilled (e.g., JHT-PRM21 

(Figure 16) and JHT-PRM22 (Figure 17) in JHT-RV06), highlighting the importance of planting depth. 

An exception to machine use for substrate preparation was the treatment at two polygons at 

JHT-RV06 (JHT-PRM45 and JHT-PRM49) where stakes were hand-planted. Success was high for 

these treatments owing to relatively loose soil, good planting depth, watering, and good water 

infiltration. It was also noted at JHT-RV06 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 and improving condition of the soil.  

Generally good success of C-type treatments was also evident through comparison to control areas 

(treatment C-3). Relative to most control plots, treatments monitoring plots had substantially greater 

vegetation colonization and growth. Of 12 control plots, three did well  (Figure 18), with numbers of 

stems increasing substantially between 2018 and 2022, and in the other nine, stem numbers either 

decreased or there was little change (Appendix D; see also photos in Appendix E).   

In general, although most treatments were successful, revegetation was not rapid, and two to three 

years were needed before a greening effect was apparent. This can be seen in the photographs in 
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Appendix E. Where success was moderate (JHT-PRM51 at JHT-RV03 and JHT-PRM47 at 

JHT-RV06), stem counts decreased somewhat the year following treatment implementation, then 

remained relatively constant for the remaining monitoring years. Where success was high 

(JHT-PRM21, 22, 45, and 49 at JHT-RV06 (Figure 16, Figure 17, Figure 19); JHT-PRM07, 28, and 29 

at site JHT-RV02), no (or little) initial decrease in stem numbers was observed and stem counts 

remained similar each year after treatment or, in some cases, increased over time. These results are 

consistent with the relatively high proportion of planted stems which is indicative of little natural 

regeneration. The low proportion planted that was recorded for in JHT-PRM07 (site JHT-RV02) 

(Table 5) was likely due to difficulty in distinguishing planted from natural stems after several years 

(see Regehr et al. 2022). 

Watering of treatments in the first summer after planting was identified as generally improving 

treatment success. However, some treatments were successful even without watering and one 

performed poorly even though it was watered. For example, watering did not occur at JHT-PRM07 

(JHT-RV02), JHT-PRM53 (JHT-RV03), and JHT-PRM21&22 (JHT-RV06) but success was 

nevertheless high. In such cases, amenable site characteristics (e.g., partial shade) or treatment methods 

(e.g., deep planting depth) compensated for lack of watering. In contrast, rocky conditions at JHT-

PRM34a (JHT-RV05) resulted in poor success despite watering because the substrate was too coarse 

to keep the stakes in contact with moist soil.  

In summary, the generally good success of C-type treatments has been linked to deep planting depth 

(planting stakes to at least 0.8 m, which, depending on substrate conditions, frequently requires 

machine use) and site 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 excessive 

inundation should not be selected for treatment unless actions are 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; see also Regehr et 

al. 2022). Other important factors in success include applying woody debris, creating topographic 

features that trap water and organics and avoid erosion, selecting species 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 C-1ii (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. 

 

Figure 12.  Good revegetation success of treatment C-1ii (stakes planted into machine 

loosened substrate into egg-carton pattern), implemented in 2019 at JHT-RV02 

(plot JHT-PRM29), seen here on September 13, 2022. 
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Figure 13.  Good revegetation success of C-2i treatment (stakes planted into machine-

loosened circles), implemented in 2019 at JHT-RV02 (plot JHT-PRM28), seen 

here on September 13, 2022. 

 

Figure 14. Revegetation performance of treatment C-1ii (stakes planted into 

machine-made trench and backfilled), implemented in 2020 at JHT-RV05 (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 C-1ii (stakes planted into machine loosened substrate into 

egg-carton pattern), implemented in 2018 at JHT-RV02 (plot JHT-PRM08), 

was due to insufficient stake planting depth, excessive inundation, and lack of 

watering; photo taken on September 13, 2022. 

 

Figure 16. Excellent revegetation success of C-2i treatment (stakes planted into machine 

loosened trenches), implemented in 2018 at JHT-RV06 (plot JHT-PRM21), 

seen here on September 12, 2022. 
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Figure 17.  Good revegetation success of C-1ii treatment (stakes planted into 

machine-made trench and backfilled), implemented in 2018 at JHT-RV06 (plot 

JHT-PRM22), seen here on September 12, 2022. 

 

Figure 18.  Vegetation growth increased naturally (no treatment implemented) in control 

plot JHT-PRM42 at JHT-RV06 since 2018; photo taken on September 15, 2022. 
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Figure 19. Good revegetation success of C-1ii treatment (stakes planted by hand into 

complexed and stabilized substrate), implemented in 2020 at JHT-RV06 (plot 

JHT-PRM45), seen here on September 15, 2022. 

 

 

 
























































