
   

-Monitoring Plan-  

Bonanza Wetlands Enhancement Project 
March 15, 2021  

 

 

 

 

PREPARED FOR: 
 

PREPARED BY: 

Slocan Lake Stewardship Society 

Box 87, New Denver BC, V0G1S0 

 
 

 Claire Peyton, B.Sc. 

Upstream Environmental Consulting 

PO Box 71, Silverton BC, V0G2B0 

 

Ryan Durand, MSc., R.P.Bio. 

EcoLogic Consultants Ltd. 

Unit 4 - 252 East 1st St. 
North Vancouver, BC  V7L 1B3 

 

Alan Thomson, MRM, P.Eng. 

Mountain Station Consultants Inc. 

1124 Hoover St., Nelson BC, V1L 4Y2 



  

 Version 2.0                                                       March 15, 2021                                                               i | P a g e  

ACKNOWLEDGMENT 

The Bonanza Ecosystem Enhancement Project is a 3-year project sponsored by the Slocan Lake 

Stewardship Society with funding provided through Kootenay Connect’s Community Nominated 

Priority Places (Environment and Climate Change Canada) and the Columbia Basin Trust (Ecosystems 

Enhancement Program).  This version of the Monitoring Plan delivers to Year 2 of that project.  The 

Okanagan Nation Alliance is a collaborating partner on the project since inception. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 Version 2.0                                                       March 15, 2021                                                               ii | P a g e  

TABLE OF CONTENTS 

1. Introduction ........................................................................................................................................ 1 

2. Monitoring Program Overview ........................................................................................................... 2 

2.1 Program Elements ..................................................................................................................... 2 

2.2 Adaptive Conservation Management ....................................................................................... 2 

2.3 Post-project Monitoring and Maintenance ............................................................................... 3 

3. Conservation Objectives and Restoration Overview .......................................................................... 4 

3.1 Hunter Siding ............................................................................................................................. 4 

3.1.1 Conservation Objectives ............................................................................................... 4 

3.1.2 Restoration Plan Overview ........................................................................................... 4 

3.2 Upper Bonanza .......................................................................................................................... 8 

3.2.1 Conservation Objectives ............................................................................................... 8 

3.2.2 Restoration Plan Overview ........................................................................................... 8 

3.3 Summit Lake Marsh ................................................................................................................... 9 

3.3.1 Conservation Objectives ............................................................................................... 9 

3.3.2 Restoration Plan Overview ......................................................................................... 10 

4. Monitoring Methods and Plan .......................................................................................................... 11 

4.1 Overview.................................................................................................................................. 11 

4.2 Methods .................................................................................................................................. 11 

4.2.1 Floristic Quality Index ................................................................................................. 11 

4.2.2 Drone Mapping........................................................................................................... 12 

4.2.3 Photo Point Monitoring .............................................................................................. 12 

4.2.4 Vegetation Assessment .............................................................................................. 12 

4.2.5 Field Surveys/Visual Inspections/Wildlife Cameras ................................................... 12 

4.3 Site Specific Restoration Monitoring Plans ............................................................................. 14 

4.3.1 Hunter Siding .............................................................................................................. 14 

4.3.2 Upper Bonanza ........................................................................................................... 14 

4.3.3 Summit Lake Marsh .................................................................................................... 16 

5. Next Phase – Long-Term Monitoring in the BBC ............................................................................... 17 

5.1 Climate Considerations ........................................................................................................... 17 



  

 Version 2.0                                                       March 15, 2021                                                               iii | P a g e  

6. Closing Remarks ................................................................................................................................ 18 

7. References ......................................................................................................................................... 19 

 



  

 Version 2.0                                                       March 15, 2021                                                               1 | P a g e  

1. INTRODUCTION 

This document provides a descriptive overview of the short and long-term monitoring programs for the 

Bonanza Wetlands Enhancement Project (BoWEP). The BoWEP project is co-funded by the Columbia Basin 

Trust and Environment and Climate Change Canada. The project is located near Hills, BC and includes 

restoration and enhancement work in three wetland complexes referred to as Hunter Siding, Upper 

Bonanza, and Summit Lake Marsh. As a working framework, the content of this report will be continually 

updated as site restorations are completed and monitoring results are compiled. With the 

commencement of on-the-ground restoration activities, the ongoing refinement of monitoring programs 

will continue to evolve as more details are defined and measurement activities have commenced.  

Monitoring requirements and methods were determined with the following overarching objectives: 

 Provide a platform for developing adaptive management practices as an effective stewardship 

approach for monitoring the health of Bonanza Biodiversity Corridor wetlands over time.  

 Evaluate the effectiveness of the three targeted wetland restorations in the Bonanza Biodiversity 

Corridor within the project life cycle.  

 Plan for the ongoing monitoring of defined parameters for data collection and measurement 

beyond the project timeline. 

Program Status: Hunter Siding on-the-ground restoration was implemented in Fall 2020. Site-specific 

studies, including sensitive habitats and cultural studies, have been completed for all three sites. Summit 

Lake Marsh and Upper Bonanza sites wetland prescriptions will be implemented in Fall 2021. All 

restoration activities and baseline monitoring for the project will wrap up in Spring of 2022. Consequently, 

the final version of this Bonanza Ecosystem Enhancement Project Monitoring Program will be completed 

in Spring of 2022.  
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2. MONITORING PROGRAM OVERVIEW  

2.1 PROGRAM ELEMENTS  

Monitoring programs for each restoration site have been developed using basic information flows and 

decision points as depicted in the following Adaptive Monitoring Process diagram. Figure 2.1-1 is intended 

to provide a high-level view of the continuous nature of monitoring cycles; it is not intended to be a step-

by-step procedural description. The various decision points in the process flow demonstrate the need for 

built-in program flexibility and the ability to add and/or retire specific measures over time. As 

environmental, climate and recreational factors continue to influence the state and ecological functioning 

of the Bonanza Biodiversity Corridor (BBC), an adaptive process is best suited in dealing with uncertainty. 

The defined measures and expected outcomes for each site will then become the basis for the post-

project monitoring.  

 

Figure 2.1-1 Adaptive Monitoring Process 

2.2 ADAPTIVE CONSERVATION MANAGEMENT  

Over the long term, effective conservation management is based on the principles of adaptive 

management (AM) to measure and make decisions for optimal strategies over time. The overarching 

principle of AM is to establish the cause-and-effect relationship between plans, actions, and results in 

order to correlate and improve conservation management efforts. This management philosophy relies on 

continuous and reliable information to determine needed corrective action and to provide assurance that 
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they are achieving the desired ecosystem results. Adopting a flexible and integrated ecosystem approach 

to monitoring and management of conservation areas like the BBC will provide a degree of adaptability 

to respond and lessen climate change impacts.  

For the ongoing conservation and protection of the BBC, the Slocan Lake Stewardship Society (SLSS) 

recognizes its role and accountability to ensure that this Monitoring Program, as defined within the 

BoWEP, will continue and be supported in the future. As the BoWEP moves forward and monitoring 

programs are established, an AM approach will be adopted to prioritize conservation efforts and 

prescriptions. Post-project, SLSS will continue to sponsor and ensure the necessary funding and resources 

for the ongoing monitoring program are in place.   

The Monitoring Program being developed and ratified within the BoWEP will serve as the foundation for 

hardening AM practices and will support wetland monitoring in the BBC over the long term. Practice 

development will focus on methods, coverage, how results are interpreted, and the identification of issues 

and/or management action.  

2.3 POST-PROJECT MONITORING AND MAINTENANCE  

There are two major dimensions to post-project monitoring and maintenance of BoWEP. First, it is the 

goal of SLSS that ongoing measurement of the effectiveness of the wetland enhancements will continue 

for two to five years. The recommended frequency and duration of monitoring in the future will be fully 

defined in Year 3 of the project. Over time, those site-specific requirements that continue post-project 

will be integrated into the monitoring program for the entire BBC.  

The second dimension to post-project monitoring is the management and operation of the recreational 

Rail Trail that runs the length of the corridor. The non-profit governance structure for this non-motorized 

trail is currently in progress of being established and expected to be fully operational by Fall 2021. As 

outlined in the Rosebery-Summit Lake Rail Trail Management Plan (Cathro, 2020), the governing body will 

consist of an alliance of local recreational, parks, and conservation organizations. This Management Plan 

provides for FLNRORD regular seasonal closures for protected species (e.g. Grizzly, and Western Toad). 

The Trail Alliance expect to have the authority for emergency closure of trail sections to further protect 

speciesand sensitive habitats in the event such measures are needed. SLSS will be a founding member of 

the Board of Directors with an ongoing role in environmental stewardship of the trail and maintenance of 

any structural components. Any structures deployed in the course of this restoration work (e.g., culverts, 

walkways) will be the responsibility of the new formed Trail Alliance to maintain post-project. Partnership 

agreements are being established with Recreation Sites and Trails BC (re: operational management) and 

Forest Lands and Natural Resources Operations and Rural Development for seasonal trail closures. 

 



  

 Version 2.0                                                       March 15, 2021                                                               4 | P a g e  

3. CONSERVATION OBJECTIVES AND RESTORATION 

OVERVIEW 

The overarching conservation objective of the BoWEP project is to improve functioning of landscape level 

hydrologic and ecological processes that will contribute to a healthier wetland-riparian system and wildlife 

corridor connecting the Valhalla and Goat Range Provincial Park. To meet this goal, a total of three 

wetland complexes will be restored. The wetland complex at Hunter Siding was restored in 2020 and the 

wetland complexes at Summit Lake and Upper Bonanza will be restored in 2021.  These restoration 

projects will enhance hydrologic connectivity and habitat continuity, and thus provide long-term 

ecological benefits through improved water flow and restoration of sensitive aquatic and terrestrial 

(wildlife) habitats. 

3.1 HUNTER S IDING  

3.1.1 Conservation Objectives 

The 2.3-ha area, locally known as Hunter Siding, is a key site that was identified in 2014 during the Slocan 

Wetland and Monitoring Project field work. It occupies the lowest elevation of a large wetland complex 

that extends from Bonanza Creek to the edge of Highway 6, including large areas of shrub and forest 

swamps, beaver ponds, multiple permanent and intermittent watercourses, and small fens and marshes. 

It is unknown what wetland type previously occurred on the site; however, it was likely a complex of Cedar 

– skunk cabbage treed swamp and Alder – lady-fen swamp, as these wetlands communities are present 

throughout the Bonanza Corridor.  

The goal of this site was to re-create the wetland communities that are known to occur in the area: Cedar 

– skunk cabbage swamps and Alder – lady-fern swamps. The project built on the natural post-disturbance 

successional processes that are well documented for these ecosystem types (MacKillop and Ehman 2016). 

Suitable reference sites for these wetland types occur in the immediate vicinity, providing site-specific 

data to model the restoration with, as well as local plant material to propagate and collect seed from. The 

Cedar – skunk cabbage swamp is a regionally uncommon ecosystem type that rarely occurs as mature or 

old forest due to historic logging and farming (Deb MacKillop, pers. comm. 2016). Alder – lady-fern 

swamps are extensive throughout the BBC, occurring along the majority of Bonanza Creek. The Hunter 

Siding area has significant biological values, with over 50 bird species identified to date (Arndt 2015), 

multiple rare species (Durand and Ehlers 2015), at least six types of wetland ecosystems, and several 

hundred species of vascular plants (Durand 2016). 

3.1.2 Restoration Plan Overview 

The restoration for Hunter Siding focused on creating the physical and ecological conditions that will 

result in two types of swamps that naturally occur in the project site. The project site was divided into 

three zones based on existing soils and hydrology (see Figure 3.1-1): 

 Zone 1 – Cedar – skunk cabbage swamp restoration 
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 Zone 2 – Cedar – skunk cabbage swamp enhancement 

 Zone 3 – Alder – lady fern swamp enhancement 

 
Figure 3.1-1 Hunter Siding Site Plan 

Zone 1 involved the use of excavators, woody debris, and planting of native vegetation to restore the area 

to a Cedar – skunk cabbage swamp. A series of excavations were created to lower the elevation of a 

portion of the area, with excess material used to create small mounds on the edges of the site. We 

replicated the strongly mounded microtopography of Cedar – skunk cabbage swamps, which are 

characterized by an irregular mosaic of mineral soil mounds (less than 1 m high), with wet depressions 

containing rich peat-based humic organic soils. The wet depressions between the mounds have seasonally 

high water tables (vertical fluctuation), with surface water present during the spring, and hygric soils 

throughout the growing season. These depressions provide favourable growing conditions for numerous 

species of sedge, along with moist, rich moisture loving herbs and shrubs. 

The lowered areas (wet depressions) have been allowed to naturally regenerate with the beaked sedge 

and water sedge clumps that currently exist on the site, along with the abundant natural sedge seed bank 

that occurs in soil, and any lady fern that can be salvaged. Mineral soil from below the organic layer were 

mixed with organic soils and used to create the mounds. The mounds were planted with live stakes of 

willow and red-osier dogwood to provide early seral shrub cover, as well as alder seedlings (from seed 

collected at the site). Engelmann spruce and western redcedar seedlings and saplings were planted on 

the mounds as well, under the shrub layer, replicating the natural post-disturbance successional process 

from the establishment of early seral species that provide the shade and growing conditions for the 

establishment of climax conifer species. By replicating the natural successional processes of an Interior 

Cedar Hemlock forested swamp, we expect a greater success of vegetation establishment. 
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Zone 2 contains several mature and old western redcedar and a variety of shrubs. As this area contains 

elements of a Cedar – skunk cabbage swamp, the project focused on enhancing it, rather than creating 

excessive disturbance with heavy equipment. Infill plantings of native vegetation and the placement of 

large woody debris were the focus of this area, with shallow excavation and mounding in small areas 

where appropriate. 

Zone 3 focused on the creation of an Alder – lady fern swamp. This area contains rich silty loam gleysols 

underlain by layers of fluvial sands and gravels as expected on the edge of an active floodplain, with 

varying depths of thin mesic to fibric organic soils overlaying it. Throughout the growing season, 

groundwater levels are within 15 cm of the surface, with short durations of surface flooding. Existing 

vegetation is variable, with wetter areas that contain beaked sedge and drier portions that include various 

native and introduced species of grass, lady-fern, and bracken fern. Groupings of native species were 

planted in clumps throughout the zone in favourable microsites. As this zone currently contains wetland-

like communities of beaked sedges and patches of lady-fern, the preference was to establish a swamp 

community using methods that minimize disturbance. As open sedge and grass dominated ecosystems 

are uncommon in the BBC, the enhancement design included a mosaic of shrub plantings and open 

graminoid areas to maximize habitat complexity and diversity. 

Machine works were completed September 28 to October 5, 2020 (Figures 3.1-2 and 3.1-3).  

 
Figure 3.1-2 Hunter Siding Pre-Construction 
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Figure 3.1-3 Hunter Siding Post-Construction 

Planting was completed from October 21 to 23, 2020 using a crew of three to four people. One of the 

crew members was provided by the Okanagan Nation Alliance, and the others were local Slocan Valley 

residents and volunteers. Native shrubs were purchased from Spiral Farm in Appledale, and live cuttings 

were obtained from along the old rail trail edge (in areas that are normally cut for trail maintenance). 

Table 3.1-1 summarizes the vegetation plantings. 

Table 3.1-1 Summary of native shrubs planted at Hunter Siding 

Species 2019 2020 Total 

western redcedar (1 gal) 30 200 230 

mountain alder (1gal) 30 200 230 

Engelmann spruce (1 gal) 10 100 110 

paper birch (1 gal) 10 100 110 

black cottonwood (cuttings) 42 20 62 

willows (cuttings) 117 483 600 

red-osier dogwood (cuttings) 60 161 221 
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3.2 UPPER BONANZA  

3.2.1 Conservation Objectives 

The Upper Bonanza project is a 12.9-ha wetland and riparian area along Bonanza Creek. Roughly 1.5 km 

of old rail bed passes through this area, with large portions bisecting active floodplains. The floodplain 

area is predominately mid-bench undescribed alder, willow, and red-osier dogwood that is common along 

the length of the creek. Conifer and mixed floodplain forests are not common in the active floodplain, 

limiting future recruitment of large woody debris into the creek. The bisecting of the active floodplain by 

the old rail bed has further limited the opportunity for recruitment of woody debris, with few large logs 

observed within the creek during field assessments in the spring of 2019.  

There are three main project objectives: 

1. Reconnect valley bottom areas that have been hydraulically isolated from the creek by removing 

short sections of the rail grade in selected areas. 

2. Increase the hydraulic diversity in the Bonanza Creek mainstem by deflecting flows in straight 

sections that are immediately adjacent to the rail trail towards the southwest bank. 

3. Enhance the quality of instream rearing Rainbow Trout habitat by installing large woody debris 

features in several sections. 

3.2.2 Restoration Plan Overview 

Hydraulically Reconnect Floodplain to Mainstem 

In order for freshet flood waters to enter areas isolated behind the rail trail six sections of rail trail will be 

removed and replaced with swales of varying configurations. Flood waters will ebb and flow through the 

swales and into the areas behind the rail trail as water levels in Bonanza Creek rise and fall, as would 

naturally occur absent the rail trail. Swale invert elevations and opening area are designed to retain base-

level water to prevent draining the wetland during low-flow periods. Swales are located in straight creek 

sections to minimize lateral migration of the creek mainstem into areas behind the rail trail. At two sites, 

the swales replace old culverts/flumes that are possibly fish in-migration barriers during non-freshet 

periods. The swales will be revegetated and planted with native vegetation. Material removed from swale 

excavation will be spread on top of the remaining rail trail sections above the highwater mark on either 

side of the swale and revegetated.  

Increase Mainstem Hydraulic Diversity 

Analysis of the channel planform in the 1,500-m-long project section indicates that the rail trail alignment 

has altered the natural planform of the creek. Two-thirds of the creek length in the project are parallel 

and immediately adjacent to the linear rail trail. The project site channel morphology was compared to a 

reference site 1,700 m downstream that passes through a wetland area of similar morphology and 

gradient but distant from the rail trail alignment. The reference site has channel features that visually 

indicate a typical unimpacted alluvial channel: irregular meanders, hydraulic diversity, pools, riffles and 
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in-channel large woody debris. When sinuosity values (measure of meander geometry characteristics) of 

the two sites are compared, the reference section and project site sinuosity are 1.44 and 1.10 respectively 

(note that sinuosity of 1.0 indicates a completely straight channel alignment). This significant difference 

indicates that the channel planform and instream features through the project wetlands site would likely 

resemble the reference channel absent the rail trail.  

In order to increase channel hydraulic diversity, eight log spurs designed to deflect the thalweg towards 

the southwest bank will be placed along the northeast (rail trail) bank in the project site area. Logs spurs 

are located in straight sections where the rail trail and channel are parallel, where there are indications 

of natural channel movement towards the southwest bank (e.g., localized bank erosion, gravel bar 

development, thalweg transition from the northeast bank towards the southwest bank). Spur locations 

also correspond to where natural meander sequences would occur, at approximately 12 times the 

bankfull width of the channel (Newbury 1993). Localized erosion of the southwest bank, pool and bar 

formation, and a wide range of hydraulic profiles are anticipated to occur in the vicinity of each spur.  

Enhance Mainstem Fish Habitat 

The fish habitat assessment (Smith 2020) of the project area found that the riparian vegetation is 

dominated by shrubs and with few instances of trees. The rail trail has effectively prevented the 

recruitment of large woody debris from the eastern half the valley as these sections prevent the creek 

from eroding the eastern valley wall. Furthermore, in the 1,600 m of assessed channel, only 129 functional 

pieces of large woody debris were observed (Smith 2020). It is widely accepted that the presence of large 

woody debris in stream channels is positively associated with quality fish habitat (Slaney and Zaldokas 

1997; Cramer 2012). Several sections of the creek have been identified for installation of large woody 

debris complexes. The engineering plans indicate the full extent of possible wood placements; however, 

the exact number and location of installed large woody debris may be less and may be dependent upon 

requirements of getting adequate quality and quantity of the specified wood to each site. Wood elements 

will be driven horizontally into the bank and chained together, thus eliminating the need for wire rope 

and rock ballast. The life span of the large woody debris structures is expected to be 15 to 20 years.  

3.3 SUMMIT LAKE MARSH  

3.3.1 Conservation Objectives 

Approximately 700 m of the historic railway passes through a large wetland complex at the southeast end 

of Summit Lake. Large portions of this section of the rail trail flood and erode each spring, predominantly 

due to beaver activity and changes to hydraulic flow patterns. This section of trail is an integral part of the 

annual western toad migration from Summit Lake eastward to the Nakusp Range, with many thousands 

of toadlets (federally listed as a Special Concern status) migrating along and across the trail; it would 

benefit from flow and erosion management. The site occurs within a large wetland complex containing 

multiple wetland communities, including cattail marshes and pink spirea (hardhack) swamp. The complex 

also contains large areas of undescribed (ecosystem types that have not been described within the 

provincial Biogeoclimatic Ecosystem Classification system) alder, willow, and red-osier dogwood swamps, 
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adjacent cedar-skunk cabbage swamps, and abundant beaver ponds, dams, and beaver-modified 

swamps. The old railway forms a long, linear modification through the wetland complex, essentially acting 

like a long dam, with multiple watercourses bisected by the rail bed.  

The site restoration objectives are to reduce flooding and erosion of the rail trail, manage the hydraulic 

connectivity between the upstream and downstream areas, keep recreational trail users out of the 

wetlands area, and reduce sediment entering downstream aquatic environments. 

3.3.2 Restoration Plan Overview 

The restoration plan involves hydraulically reconnecting the wetlands on either side of the rail trail 

through five swales along a 275-m section of trail. Small pedestrian walkways will span each swale off to 

the side of the swale so as to not impede trail traffic. The surface of rail trail sections that have been 

eroded will be infilled with surface material similar to that existing. Water originating from the beaver 

dam wetlands will be directed along the edge of the rail trail to one of the five swales through a 

constructed channel. 

Five swales are proposed to convey water across the rail trail. The swales bed will be armoured with small 

angular crush and with interstitial spaces infilled with finer material to make a reasonably smooth rolling 

surface. Swale side slopes will be a low 15% to allow for smooth transition between the flat rail trail 

surface and the swale.  

Water that comes off the beaver dams to the north will be directed into a ditch that will direct the water 

to the nearest downhill swale. The swale edge adjacent to the rail trail grade will be protected from 

erosion with cedar logs and/or small angular rock.  

The rail trail bed is eroded up to 0.4 m in some locations allowing for water originating from the wetlands 

to occupy the rail trail alignment. The rail trail bed will be raised by up to 0.4 m in most locations using 

aggregate similar to the existing rail trail bed material. 

Each swale will have an overhead low-elevation pedestrian walkway with handrail built of heavy timbers 

and supported on lock blocks. The walkway is designed by a professional structural engineer. The walkway 

will be built off to the southern side of the trail to allow for unimpeded direct access through the swale at 

times when little or no water is present. 
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4. MONITORING METHODS AND PLAN 

4.1 OVERVIEW  

Pre-construction biophysical baseline has been completed for the three project sites. The baseline 

includes vegetation, wildlife, and ecosystem inventories and assessments (EcoLogic Consultants Ltd.), fish 

inventory and habitat assessments (Okanagan Nation Alliance), amphibian inventory, breeding and 

habitat assessments (Jakob Dulisse), and engineering surveys (Mountain Station). High resolution (less 

than 5 cm) orthomosaic imagery will also be produced for each project area. 

Each of the three restoration sites require a customized monitoring plan to assess the effectiveness of 

restoration activities. Table 4.2-1 provides a monitoring program checklist to outline the following: 

1. monitoring categories, which include vegetation, water, wildlife, and restoration works; 

2. methods, which include Floristic Quality Index, drone mapping, photo point monitoring, field 

surveys, visual inspections and wildlife cameras; and 

3. key outcomes, which will track changes over time within the various monitoring categories. 

4.2 METHODS  

The following sections describe the general methodology that will be used for measuring the effectiveness 

of project restoration activities for the three wetland sites.  

4.2.1 Floristic Quality Index 

Floristic Quality Index (FQI) is used to assess the biological condition of vegetation communities (including 

wetland communities in northern Canada), and track changes over time (Bourdaghs et al. 2006; Rooney 

and Rogers 2002; Washington 1984; Wilson et al. 2013). The FQI relies on a species’ coefficient of 

conservation, a value assigned to local species by qualified botanists that signifies a species’ habitat 

specificity and tolerance to disturbance. The FQI provides maximal value when comparing vegetation 

communities over time within the same wetland or when comparing among wetlands within the same type 

or class (e.g., comparing a reference wetland to a disturbed wetland of the same type in the same season).  

A minimum of three FQI plots (each consisting of two paired quadrats) will be placed in each of the 

restoration zones, and an additional three plots will be placed in adjacent portions of the site that will not 

be disturbed (reference wetlands). The location will coincide with the photo point transects to establish 

fixed locations to repeat the FQI assessment after construction. FQI quadrats will be established pre-

restoration to capture existing conditions and conducted post-restoration to assess changes. The BC FQI 

species list (BC Wildlife Federation) will be used to assess change over time within the vegetation 

communities. While the intended results of the project (creation of shrub and conifer swamps) will not be 

readily evident in the short monitoring period, the FQI results will clearly show if invasive species are 

expanding within the restoration areas, and the success of the native species that will be planted at the 
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site. The results will be compared to the reference site to show how the site evolved without modification 

during the monitoring period. 

4.2.2 Drone Mapping 

Repeat drone mapping will be completed at the site to enable for the mapped extent of the enhancement 

and restoration sites to be accurately mapped, and the spatial change within the sites observed over time. 

Drone mapping will help to determine changes at an ecosystem level. With the use of the Pix4D software 

and ground-control points (five survey grade points on the ground using a Trimble GPS system), sub-metre 

aerial imagery and 3D models of the site will be created pre-restoration and repeated post- restoration. 

The imagery will have a resolution of less than 5 cm to enable accurate mapping of the restoration site 

and enable future comparisons within the images. The 3D models will allow for structural changes over 

time to be measured. 

4.2.3 Photo Point Monitoring 

Photo point monitoring uses a standardized method of repeat photography to both visually and 

quantitatively assess change (mainly physical changes) over time. It involves repeat photography over a 

period of time from the same location, field of view, and orientation as the original photo (Hall 2001). The 

Solocator app will be used to take georeferenced and stamped photos of each FQI quadrat and cardinal 

directions from each FQI plot. By precise replication of photos, change over time can be measured and 

assessed. This method has been used extensively throughout North America for over 20 years, including 

specific protocols created for the monitoring and assessment of restoration sites. Pre-restoration 

photography will be conducted to capture existing conditions and repeat photography will occur post-

restoration to assess change of time (vegetation growth and structure).  

4.2.4 Vegetation Assessment 

Vegetation Assessments will be conducted using the methods in the Describing Ecosystems in the Field 

Guide – Section 3 Vegetation (BC Ministry of Forests and Range and BC Ministry of Environment, 2010) 

and the FS882(3) form for each ecosystem type, which includes all species by layer (tree, shrub, herb, 

moss/lichen) and percent cover within a 20 m x 20 m plot or 10.84 m radius. The field procedures will be 

adapted from BC Ministry of Forests and Range and BC Ministry of Environment, 2010. 

4.2.5 Field Surveys/Visual Inspections/Wildlife Cameras  

Field surveys will be used to conduct the vegetation assessment including monitoring invasive plant 

species to assess if there are changes to the diversity of invasive plant species (invasive plant species 

abundance will be determined using the FQI and vegetation assessments, as well as specific surveys in 

high ppotential areas). Visual inspections and wildlife cameras will be used to determine the presence or 

absence of beavers, amphibians, or any other incidental wildlife observations. Visual inspections will be 

the primary method to assess the effectiveness and condition of the physical restoration works. 
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Table 4.2-1 - Bonanza Wetland Enhancement Monitoring Program Checklist 

 

 Category Method Description Outcome Hunter Siding Upper Bonanza Summit Lake

Floristic Quality Index
Assess six FQI quadrats (3 @ reference 

site and 3 @ restoration site)

Assess the biological condition of 

vegetation communities and track 

changes over time. 
√ √

Field Survey/Photo 

Point Monitoring

Estimate % cover of vegetation and 

note other physical changes 

Determine changes in the 

composition of vegetation. 
√ √

Field Survey
Document invasive plant species 

abundance and diversity

Assess if there are changes to the 

diversity and abundance to invasive 

plant species.

√ √ √

Field Survey Vegetation Assessment Plots Determine % survival of plantings. √ √

Field Survey Vegetation Assessment 
Determine native plant diversity and 

abundance
√ √

Water
Drone Mapping/Photo 

Point Monitoring

Wetland/terrestrial/aquatic boundary 

delineation 

Determine before and after habitat 

composition including % open water, 

% terrestrial, and % wetland. 
√ √ √

Visual 

Inspection/Wildlife 

Cameras

Noting presence or absence of 

beavers

Ascertain if there are changes in 

beaver activity.
√ √ √

Visual Inspection
Noting presence or absence of 

amphibians

Ascertain if there are amphibians 

present.
√ √ √

Visual 

Inspection/Wildlife 

Cameras

Incidental Wildlife Observations
Document any notable wildlife 

observations.
√ √ √

Assess effectiveness of water passage 

through inlets/outlets
√

Inspect effectiveness of water passage 

over swales
√ √

Inspect log spurs √

Inspect effectiveness of water passage 

through ditches/secondary channels
√ √

Document and describe any areas 

where erosion is occurring
√ √

Inspection of earthen works √ √

Inspect condition of pedestrian 

walkway
√

Identify any maintenance or 

management needs

Future activities needed by site are 

identified.
√ √ √

Drone Mapping/Visual 

Inspection

Map locations and condition of Large 

Woody Debris

Determine if there are any changes to 

the amount/location of LWD.
√ √

Bonanza Wetland Enhancement Monitoring Program Checklist

Vegetation

Wildlife

Restoration 

Works

Visual Inspection

Ensure that restoration physical works 

are functioning and intact.
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4.3 S ITE SPECIFIC RESTORATION MONITORING PLANS  

4.3.1 Hunter Siding 

The restoration monitoring plan for Hunter Siding will include: 

Vegetation: 

 Assess FQI quadrats in restoration zone and compare to the reference site zone. 

 Monitor site changes using time-lapse images from stationary wildlife cameras (using the Reconyx 

HyperFire 2 GEN3 NoGlow IR Trail Camera). 

 Determine if the abundance or diversity of invasive plant species has changed since the 

restoration has taken place. 

 Sample a subset of the native plantings to determine survivability. 

 Conduct a full vegetation assessment to determine plant diversity and abundance. 

 Assess and compare effectiveness of planting rooted shrubs/trees vs live stakes vs seedlings in 

terms of survival rates.  

 Determine if depressions have been revegetated naturally with beaked native vegetation. 

Water 

 Determine habitat composition post-restoration including percent open water, percent terrestrial, 

and percent wetland, including mapping total area of ephemeral open-water depressions and 

mineral soil mounds. Both existing percent open water and potential capacity for open water will 

be documented. 

Wildlife 

 Using both wildlife cameras and visual inspections note any beaver activity within the restoration 

site (including any activity that is impeding water flow), the presence or absence of amphibians, 

and record any incidental wildlife observations. 

Restoration Works 

 Map locations and condition of large woody debris to ensure it is functioning as intended and to 

document any large shifts in position that could affect erosion or water flow. 

 Identify any maintenance or management needs. 

4.3.2  Upper Bonanza  

The restoration monitoring plan for Upper Bonanza will include: 
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Vegetation 

 Establish FQI plots in the restoration zone and the reference site zone. 

 Monitor site changes using photo point monitoring using methodology from Hall 2001. 

 Determine if the abundance or diversity of invasive plant species has changed since the 

restoration has taken place. 

 Sample a subset of the native plantings to determine survivability on swales. 

 Inspect the revegetated area on top of the rail trail where excavated material was placed to assess 

success of reclamation seed mix propagation and establishment. 

 Conduct a full vegetation assessment determine native plant diversity and abundance. 

Water 

• Using both drone mapping and photo point monitoring determine before and after habitat 

composition including percent open water, percent terrestrial, and percent wetland. Both existing 

percent open water and potential capacity for open water will be documented. 

• Using drone mapping to determine physical changes, including how much the channel planform 

has changed and how much the hydrologic diversity has changed.  This will be measured by 

sinuosity (both localized and overview), changes in frequency and abundance of pools and riffles 

and the percentage of the stream that is not parallel to the rail trail. 

Wildlife 

 Using both wildlife cameras and visual inspections note any beaver activity within the restoration 

site (including any activity that is impeding water flow), the presence or absence of amphibians, 

and record any incidental wildlife observations. 

 Fish surveys will be included to the long-term monitoring plan including conducting a fish 

abundance survey, assessing fish use of the large woody debris and a Level 2 Fish Habitat 

Assessment Procedure. 

Restoration Works 

 Ensure there is unobstructed water passage through inlets/outlets and through 

ditches/secondary channels. 

 Inspect the six swales and note if water is flowing over top of them, if there is any erosion on the 

sides or top of swales, and if there are any impediments to water flow. 

 Inspect wetland areas on upstream sides of swales to determine if water is still present (to ensure 

that the swale elevation is not too low, causing the wetland area to drain). 

 Inspect eight log spurs. 

 Document and describe any areas where erosion is occurring. 
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 Inspect earthen works – carefully inspect all areas of the rail trail within the restoration site where 

heavy machinery has been active to ensure all earthen works are intact. 

 Site 4 – Ensure final grade and inlet/outlet area do not impede in-migration fish passage. 

 Map locations and condition of large woody debris – inspect all 18 large woody debris complexes 

including inspection of chain used for installation. 

 Identify any maintenance or management needs. 

4.3.3 Summit Lake Marsh 

The restoration monitoring plan for Summit Lake Marsh will include: 

Vegetation 

 Determine if the abundance or diversity of invasive plant species has changed since the 

restoration has taken place. 

 Assess success of reclamation seed mix propagation and establishment in disturbed areas. 

Water 

 Using both drone mapping and photo point monitoring determine before and after habitat 

composition including percent open water, percent terrestrial, and percent wetland. Both existing 

percent open water and potential capacity for open water will be documented. 

Wildlife 

 Using both wildlife cameras and visual inspections note any beaver activity or change in activity 

or beaver dam locations from previous monitoring period within the restoration site, the presence 

or absence of amphibians, and record any incidental wildlife observations. 

Restoration Works 

 Ensure there is unobstructed water passage through inlets/outlets and through 

ditches/secondary channels. 

 Inspect the five swales and note if water is flowing over top of them, if there is any erosion on the 

sides or top of swales, and if there are any impediments to water flow. Inspect the swale edge 

adjacent to the rail trail grade that has protected from erosion with cedar logs and/or small 

angular rock. Note any movement that has taken place with the cedar logs or erosion of the small 

angular rock. 

 Measure the water depth and velocity passing over the eastern most swale in the springtime to 

ensure there is adequate fish passage. 

 Inspect earthen works – carefully inspect all areas of the rail trail within the restoration site where 

heavy machinery has been active to ensure all earthen works are intact. Ensure that there is no 

water flowing over the raised railbed. 
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 Inspect five pedestrian walkways to ensure they are intact and in good condition and note depth 

of water passage underneath walkway. Ensure there is approximately 1.5 m2 of conveyance area 

under each of the five pedestrian walkways. 

 Identify any maintenance or management needs. 

 

5. NEXT PHASE – LONG-TERM MONITORING IN THE BBC 

In the long-term there are several monitoring components that will be further defined, implemented and 

measured for the BBC. In Year 3 of the Project, an integrated Conservation Management Plan will be 

developed and ratified to extend conservation targets to the entire BBC. These additional conservation 

targets and related management plans will be addressed at the corridor level and will include old growth / 

mature stands, beaver habitat, and species and ecosystems-at-risk. This holistic view of the entire BBC 

will provide direct input for SLSS in prioritizing stewardship and conservation initiatives. The following 

elements may be addressed in the long-term monitoring strategy:  

 water quality and quantity, 

 stream and wetland health, 

 flora and fauna abundance and diversity, 

 detailed ecosystem mapping, and 

 climate vulnerability 

Proposed elements of the program will include, but are not limited to, a robust water quality and quantity 

monitoring program, landscape-level hydrology assessment including groundwater, additional mapping, 

vegetation, fish, bird, and amphibian assessments. 

5.1 CLIMATE CONSIDERATIONS  

Understanding how the BBC will be impacted by climate change is a key element of any long-term 

monitoring plan. It is recommended to conduct a full climate vulnerability assessment for the BBC to help 

guide the development of a long-term monitoring plan. Understanding specific changes that climate 

change may cause to the BBC may help to create a more resilient and adaptive ecosystem.  

In the BBC it is expected that effects of climate change will include (Utzig 2020): 

 an increase in temperatures in all seasons; 

 an increase in precipitation in all seasons except for summer (where it is likely to decrease); 

 an increase in extreme events (i.e., high-intensity rainstorms, wind storms, heat waves); 

 an increase in “climate whiplash” events (i.e., early spring thaws immediately followed by severe 

frosts); and 
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 an increase in the occurrence of winter precipitation as rain rather than snow. 

A key element to a monitoring program would be to increase our understanding of the watersheds that 

supply runoff to the various wetlands and aquatic environments (Utzig 2020). Utzig suggests this could be 

done by conducting a “sensitivity” analysis where wetlands in the BBC are grouped by water source and 

determining if that water source is influenced by snowpack. In the BBC, wetlands that are adjacent to the 

mainstem of Bonanza Creek are less sensitive to changes in snowpack, whereas wetlands supplied only 

by tributary streams may be more vulnerable. Wetlands supplied with streams from lower elevation 

watersheds are the most sensitive of all. This type of analysis can help prioritize wetlands for field 

assessments and investigation of potential adaptation measures such as installation of water-retention 

and/or water-storage structures (Utzig 2020). 

 

6. CLOSING REMARKS 

In closing, the BoWEP Monitoring Plan will assess the effectiveness of three wetland restoration projects 

to improve functioning of landscape level hydrologic and ecological processes that will contribute to a 

healthier wetland-riparian system along Bonanza Creek and Summit Lake. Determining if these projects 

met the conservation objectives that they aimed to achieve is integral to allow SLSS to glean lessons 

learned to improve the design and approach for potential future projects. The results from the monitoring 

program will also guide future management and maintenance activities at these three restoration sites 

beyond the project timeline. 

The BoWEP Monitoring Program will monitor vegetation, water, wildlife, and the physical restoration 

works. The methods for monitoring will include FQI, drone mapping, photo point monitoring, field surveys, 

visual inspections, and wildlife cameras. Customized field monitoring data forms may be created once this 

monitoring program is finalized.  

In the long term, the SLSS plans to build off of this BoWEP monitoring program to create a BBC-wide 

monitoring program. Integrating a Climate Vulnerability Assessment into the long-term plan will be 

essential for analysis and discerning how to build climate resiliency for the BBC. The concept of a BBC-

wide long-term monitoring program is still in its infancy but over the course of the next year specific goals 

and components of the program will be developed. 
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