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Abstract

In the interior of British Columbia, road crossings are the single largest contributor to stream
sedimentation (Beaudry & Associates, 2007; Elliot et al., 1996; Fisheries Target Committee,
1996) and when a new forest service road was constructed to access the Richmond Lake
Recreation Site in north-central BC, significant concerns around soil erosion and sedimentation
around a small stream crossing arose. Ecological restoration activities in areas developed for
recreation must consider other values in addition to ensuring a functioning ecosystem: the safety
of recreation users, their enjoyment of the area and community interest play a role in restoration
(Govt of BC, 2020a). This project looked at how to balance the interests of people using the area
while managing impacts to the ecosystem from road construction.
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1.0 Introduction

Recreation plays an important role in the lives of people in northern British Columbia and
in the economy of the surrounding areas (Govt of BC, 2020a). Between 2015 and 2016, a 3 km
gravel road was constructed to provide access to a recreation site at Richmond Lake, near the
town of Burns Lake. This road was to replace an informal route along a CN Rail right-of-way
that was blocked off after the adjacent land parcel was sold to a private landowner (Fig. 1). It
was important to continue to provide access to Richmond Lake to stock the lake with rainbow
trout (Oncorhynchus mykiss)- an activity that takes the pressure off native fish species- as well as
to continue to provide recreation opportunities in the area. During construction of this new Forest
Service Road, a rain event caused significant soil erosion of cut banks located on either side of
an unclassified stream, approximately 500m west of Richmond Lake (personal communication,
Nadina Natural Resource District, 2015). This restoration project was developed to address the
erosion issues at the site of the road crossing and considered methods that may not normally have
been implemented as part of regular road construction.

Following the damaging rain event, erosion was still occurring even with additional
engineering erosion controls so I considered what else could be done at the site to address this.
The site was not re-vegetating well, despite previous work, likely due to the continued erosion of
very fine soils found on-site and loss of topsoil during road construction. I prioritized re-
establishing vegetation on the site to address slope stability concerns.

Since the access road is permanent, the restoration will not return the site to its pre-
disturbance condition, but rather it endeavoured to re-establish ecosystem processes. The
restoration methods and recommendations for monitoring and further work considered the
current use of the area and public values as well the need to ensure the ecosystem at the
restoration site was relatively healthy.
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Figure 1- Pre-construction conditions at the stream crossing (2015)

2.0 Project Description

Study Area and Reference Ecosystem

The project area is located approximately 30km to the east of Burns Lake, British
Columbia, just south of the Endako River (Fig. 2). The restoration site is about 2 hectares in size
and includes steep, north-facing cut banks, divided by a small non-fish bearing stream, that have
been impacted by the road and 15m right-of-way (Appendix A). The stream drains into a wetland
complex that feeds into the Endako River and is within the Fraser River watershed.

The new access road leading to the Richmond Lake Recreation Site was constructed
within an undulating, mid-slope biogeoclimatic zone of sub-boreal spruce, dry cool subzone
(SBSdk) forest and is north facing. Much of the densely forested region has been impacted by
Mountain Pine Beetle and large wildfires in recent years, in large part because of the planting of
lodgepole pine (Pinus contorta var. latifolia) monocultures combined with intensive fire
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suppression that has resulted in forests prone to disease and large, devastating wildfires- rather
than small, more frequent natural disturbances, as would be typical in a natural disturbance type
3 (NDT 3) or an ecosystem with frequent stand-initiating events (Kohm and Franklin, 1997;
Ministry of Forests and Range, 2012; Ministry of Forests, 1998). The overstory vegetation
adjacent the site is comprised of hybrid spruce (Picea glauca x engelmanni), lodgepole pine,
trembling aspen (Populus tremuloides) and paper birch (Betula papyrifera) with an open, low
shrub understory. There are few tall shrubs or older tree regeneration and the forest is mature
with some old-growth spruce (Grainger, 2015).
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Figure 2- Site location map (ArcGIS 2020)

Current Use

The project site is adjacent to the Richmond Lake Recreation Site. The lake is stocked
annually with Rainbow Trout by the Freshwater Fisheries Society of BC. The area remains a
popular fishing and camping location with access in the winter for ice fishing. Hunters use the
recreation site in the fall and there is a trapline in the area and within the project site. There is
also active timber harvesting nearby and the area is part of the BC Timber Sales (BCTS) Babine
Business Area operating area (personal communication, R. Phillips & Nadina District 2015).
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Challenges

The old access road to the recreation site deteriorated after 1980 and fish stocking
became challenging (Schultze, 1985). The land surrounding a portion of the road was then sold
by CN Rail to a private landowner who subsequently blocked access to the lake. These factors
led to the Freshwater Fisheries Society of BC being unable to continue to stock the lake with
rainbow trout. In order to continue to provide angling and camping opportunities at Richmond
Lake, a new road was constructed in 2015-2016.

There is no baseline data for the stream and little for the larger area, which makes
restoration and monitoring more challenging. Additionally, any new linear development impacts
wildlife and is something to consider when building new roads and in the restoration process.

The presence of archaeological sites and very fine, easily erodible soils add another layer
of complexity to the site. As does the frequent public use of the road: vehicle traffic deteriorates
the road and must be managed to prevent erosion and protect the archaeological sites. Any
restoration activities undertaken must be done with people and public safety in mind.

Previous Work

Standard engineering methods of rock anchoring, hay bales and grass seed were in place
to mitigate erosion before the rainfall event (Fig. 3); however, the rain on the very fine soils
caused the newly disturbed area to liquify and undermine the erosion prevention measures. The
engineering officer then installed four fibre sediment logs on either side of the southern side of
the stream, erosion blankets were installed on the exposed slopes, more stabilization pools were
created for sediment settlement and the ditch-lines were armoured with small rock (5-10cm
diameter) (R. Phillips, personal communication 2020). Despite these measures, soil erosion and
sedimentation in the riparian area and stream continued. The damage done to the site required
restoration to re-establish the natural draining pattern. In 2018, I began to plan further work, in
collaboration with Nadina District Ministry of Forests, Lands, Natural Resource Operations and
Rural Development (FLNRORD) engineering staff, around the stream at the road crossing where
soil erosion was an issue.
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Figure 3- Standard engineering rock anchoring and fibre rolls at stream crossing

Purpose and Objectives

The main purpose of this project was to address the impacts to the hydrology of the site
by re-establishing natural drainage patterns and mitigating erosion of the cut banks and the
riparian area within the road right-of-way. Standard engineering erosion controls were already in
place; however, the site was still experiencing erosion and one of the best ways to address this
was to establish perennial vegetation to reduce surface runoff (overland flow) and soil erosion
(Bornsworth, 2015). It was important to restore plant communities on the cut banks and along
the riparian area to hold the soil in place and capture sediment before it entered the stream and
wetland complex. This reduces sedimentation and improves stream health and aquatic habitat
(Fig. 4). This stream flows into a fish-bearing river and water temperature, sediment, impact to
invertebrates and fish downstream are a concern. In the interior of British Columbia, road
crossings are the single largest contributor to stream sedimentation (Beaudry & Associates,
2007; Elliot et al., 1996; Fisheries Target Committee, 1996).
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Figure 4- Sedimentation in stream

To re-establish plant communities in the site, the primary objective was to use and
propagate local and native plant species, when possible, as ground cover that would be
resilient to use in the area (e.g., recreation, road travel, public safety) and to weather events, such
as flooding and drought (Bornsworth, 2015). However, I was restricted to the materials available
to me through my partner organization and transplanting local plants. I chose to plant whitebark
pine (Pinus albicaulis), a species that is native to this area, but at higher elevations (Fig. 5) since
BCTS Babine had extra whitebark pine stock that would have otherwise been wasted. Whitebark
pine is a hardy variety of tree that is known for its slope stabilizing properties, its ability to help
slow loss of moisture from the soil and to provide cover and food for wildlife. It is also listed as
endangered under the Species at Risk Act, with a declining range in British Columbia; this is an
effort to see if it can be established in this area, to expand its current local range (Govt of BC,
2020b; Simmons, 2020).

When I considered the desired future condition of the site, my main concern was to
establish a fully vegetated site with stable slopes, little sedimentation and a relatively healthy and
functioning ecosystem (Ministry of Water, Land and Air Protection, n.d.). It is possible that with
the changing climate the whitebark pine will not live to become old trees (Govt of BC, 2020b;
Simmons, 2020). However, in the meantime if they stabilize the slope so other species, such as
spruce, aspen, birch and lodgepole pine can grow, I am still achieving my objectives. [ may even
be helping to provide more whitebark pine seed sources.

Other considerations when undertaking this work were to ensure the archaeological site
remains protected from erosion and from recreation users and to consider public safety when

10
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planning the restoration work. It was important to balance the impact of recreation users while
maintaining recreation values and a relatively healthy functioning ecosystem.

Pinus albicaulis Engelm. - Whitebark pine
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Figure 5- Whitebark Pine BC Range Map (Hamann, 2016)
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3.0 Methodology

Ecosystem Description

The project area was divided into two polygons based on the site series’ present within
the 15m road right-of-way. It was important to determine site series to stratify the site into
polygons for assessment and to implement appropriate restoration methods. Both polygons had
been impacted by road construction activities, with the more significant impacts falling on the
southern side of the road. The larger polygon (approximately 1.5ha) is comprised of the partially
forested hillslope area (Fig. 6). The smaller polygon (approximately 0.5ha) includes the small
stream and the surrounding wetland and riparian area (Fig. 7).

Polygon 1, the upper hillslope, has been significantly disturbed by road construction
activities and falls within the site series SBSdk/05 (Sxw - Spirea — Feathermoss) (MoFR & MoE,
2010). The remaining forested area is an undulating landscape of mature stand of lodgepole pine
and old growth hybrid spruce with paper birch and trembling aspen (Table 1). The soils in
polygon 1 are very fine, easily erodible silt and sand with almost no topsoil or vegetation as a
result of road construction activities. There is some seepage present, but the soils are mostly well
drained (Appendix D).

The second polygon is within the small stream wetland and riparian area of the right-of-
way. This polygon is in the SBSdk/10 (Sb - Soft-leaved sedge - Sphagnum (forested swamps))
site series (MoFR & MoE, 2010). This area has been impacted by road construction, but also by
sedimentation caused by erosion and runoff of the soil on the upper hillslope area during heavy
rain events. This polygon is wet most of the year and the water table is near the surface resulting
in saturated silty-clay soils with obvious mottling (Table 2) (Appendix E).

12
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Figure 6- Polygon 1 (2018)
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Figure 7- Polygon 2 (2018)

Restoration Methods

The methods described below apply to the entire project site, unless specified otherwise.
All work was completed by hand- no heavy equipment was used in the portion of the restoration
I conducted. In total, I made three visits to the project area over a year (Appendices G & H).

Restoration Methods Date(s)
o Ireceived donated hybrid spruce and whitebark pine seedlings from | July 2018
BC Timber Sales (BCTS)
e Seedlings were planted a 50/50 mix on the slope south of the
road. Total area planted ~ 1ha at 3m spacing
* Meeting stocking standards for commercial purposes
was not the goal, rather it was limiting soil erosion,

14



ER 390 Final Restoration Report ASkelton

considering wildlife and plant communities and
attempting to expand the range of whitebark pine.
e Seedlings were planted so that they would not impede the
line of sight on the road for the safety of recreational users
travelling to the recreation site

o Conducted a foot survey of the site at ~ Sm spacing to:

e visually assess condition of site and effectiveness of previous
erosion controls based on conditions during last site visit in
2018
visually assess the health of the planted tree seedlings

check for new natural seedlings and other vegetation growth
inventory vegetation on the site
make note of any wildlife or habitat features

e record any new human alterations or impacts to site
Completed a Ground Inspection Form for each of the 2 polygons
Visually assessed condition of archaeological site and determine any
need for work to protect it

June 22,2019

Transplanted 32 aspen suckers along hillslope on south side of road,
in between the whitebark pine and spruce seedlings (Fig. 8)
Completed a slope stability assessment for polygon 1: hillslope
Removed oxeye daisy, yellow hawkweed and bull thistle from
roadsides and disposed of at landfill (Haaeussler, 2015; Ralph et al.,
2017)

June 23, 2019

Re-seeded entire disturbed portion of the project area with a 20 kg
mix of grass seed recommended for the area to further manage the
erosion of the cut bank and to prevent the spread of invasive and
noxious plants. Not all of the seed species were native, rather they
are non-invasive and were designed to manage erosion. The mix was
composed of 35% annual ryegrass, 25% perennial ryegrass, 30%
creeping red fescue and 10% red clover with an additional
micronutrient fertilizer (Zuazo and Pleguezuelo, 2008)

Cut live willow stakes from wetland and planted in the areas most
impacted with sediment near the stream in order to help slow down
and filter water and sediment before reaching the stream as well as
hold the existing soil in place. The cuttings were between 30-50cm
in length and were buried in the wet silt in the riparian area around
the stream ensuring that some of their buds or branches were buried
in the ground to take root (Fig. 9). Cuttings were planted in groups
of 2-4 for better coverage of drainage pathways to the stream
(Alaska Dept. of Fish and Game, n.d.; Redfield, 2010).

June 24, 2019

o Follow up monitoring of restoration work conducted in June
o Conducted a foot survey of the site at ~ Sm spacing to:

o visually assess the health of the planted tree seedlings
compared to the June assessment
e visually assess health of transplanted aspen and willow

July 18,2019

15
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check for new natural seedlings and other vegetation growth,
including invasive species

Removed more invasive plants from roadsides

visually assess establishment of new grass seed and
compared with photos taken at the site in June

visually assess area for new erosion and sedimentation and
compared with photos taken at the site in June

make note of any wildlife on site

o Filled in gaps near the culvert with cobbles and small boulders to
block debris from draining into stream

o Shored up a 1-2m section of the stream bank that was beginning to
break away

Coarse woody debris (CWD) used to stabilize stream bank
Wove several willow stakes into stream bank to help hold the
soil in place (Alaska Dept. of Fish and Game, n.d.; Redfield,
2010).

Table 3- Restoration Methods

Figure 8— Trembling Aspen transplant

16
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Figure 9- Live willow staking method (Alaska Fish & Wildlife, n.d.)

4.0 Results
Slope Stability

A slope stability assessment was completed in polygon 1 since there was evidence of past
and current erosion at the project site. The slope in polygon 1 is moderately steep (67%) to very
steep (133%), this combined with very fine exposed soils and damaging rain events has led to
widespread gullying of the hillslope and soil slump (figs. 10 & 11). There is some water seepage
in the hillslope that also contributes to soil movement. These factors indicate stability concerns
and a high landslide hazard risk, so addressing the hydrology of the site and stabilizing the soil in
this polygon was prioritized (Chatwin, 1994). This was done by establishing suitable vegetation
(Bornsworth, 2015) to address erosion and mitigate further damage to the hillslope, as well as
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potential damage to the road and impact to the stream from sediment accumulation (Fig. 14)
(Appendix F).

Tree planting and grass seeding in June appeared to reduce the amount of erosion
occurring on the slopes and the amount of sediment being carried downslope to the stream.
Ongoing monitoring of the slope will need to occur to determine if more work is needed.

Figure 10— Soil erosion at the project site, June 2019

18
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Figure 11— Same location post grass seeding and rainfall, July 2019
Re-establishment of Vegetation

The vegetation present in each polygon is listed in Tables 1 & 2 below. While surveying
the site, I noted the previously existing vegetation was beginning to recolonize the exposed soil
near the forest edge, including several natural spruce seedlings and aspen suckers. At my last site
visit in July 2019, there was still a significant amount of exposed soil (~50%), but native mosses,
grasses and forbs were present in some areas and the density of seeded grasses had increased by
25-50% as a result of the most recent seeding in June 2019. It seems that the recent grass seeding
helped stabilize the soil allowing other plants to grow.

Polygon 1- Hillslope SBSdk/05

UNDERSTORY <10m in height
Common Name Latin Name
- Red-stemmed feathermoss - Pleurozium schreberi
- Step moss - Hylocomium splendens
- Fireweed - Epilobium angustifolium
- Little buttercup - Ranunculus abortivus
- Heart-leaved arnica - Arnia crodifolia

19
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Creeping Red Fescue
Pine grass

Annual ryegrass
Perennial ryegrass
Timothy

Pumpelly brome

Pink Spirea hardhack
Birch-leaved spirea
Kinnikinnick

False Solomon’s-seal
Red raspberry
Bunchberry

Purple peavine
American vetch

Prickly rose

Red clover

Northern bedstraw
Soopolallie

Whitebark pine *planted
Hybrid Spruce *planted & natural

- Festuca rubra

- Calamagrostis rubescens

- Lolium multiflorum

- Lolium perenne L.

- Phleum pretense

- Bromus inermis ssp. pumpellianus
- Spirea douglasii ssp. menziesii
- Spirea betulifolia

- Arctostaphylos uva-ursi

- Smilacina racemose

- Rubus idaeus

- Cornus canadensis

- Lathyrus nevadensis

- Vicia Americana

- Rosa acicularis

- Trifolium pretense

- Galium boreale

- Shepherdia canadensis

- Pinus albicaulis

- Picea glauca x engelmanni

seedlings
- Trembling aspen *natural and - Populus tremuloides
transplanted
- Black twinberry - Lonicera involucrate
- Common Dandelion - Taraxacum officinale
- Oxeye daisy - Chrysanthemum leucanthemum
- Yellow hawkweed - Hieracium ssp.
- Bull thistle - Cirsium vulgare
- Yarrow - Achillea millefolium
- Highbush cranberry - Viburnum edule
OVERSTORY >10m in height

*None in disturbed roadside

- Hybrid spruce - Picea glauca x engelmanni
- Lodgepole pine - Pinus contorta var. latifolia
- Trembling aspen - Populus tremuloides

- Paper birch - Betula papyrifera

Table 1- Vegetation Summary for SBSdk/05

Polygon 2- Wetland and Riparian SBSdk/10

UNDERSTORY <10m in height

Common Name

Latin Name

Red-stemmed feathermoss

- Pleurozium schreberi

- Step moss - Hylocomium splendens
- Common horsetail - Equisetum arvense
- Skunk cabbage - Lysichiton americanum

20
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- Crisp starwort - Stellaria cripa
- Fireweed - Epilobium angustifolium
- Little buttercup - Ranunculus abortivus
- Northern bedstraw - Galium boreale
- Fireweed - Epilobium angustifolium
- Willow - Salix ssp.
- Timothy - Phleum pretense
- Annual ryegrass - Lolium multiflorum
- Perennial ryegrass - Lolium perenne l.
- Creeping red fescue - Festuca rubra
- Red clover - Trifolium pretense
- Sitka alder - Alnus crispa ssp. sinuate
- Pink spirea hardhack - Spirea douglasii ssp. menziesii
- False Solomon’s-seal - Smilacina racemose
- Northern scouring rush - Equisetum variegatum
- Wild Mint - Mentha arvensis
- Water sedge - Carex ssp.
OVERSTORY >10m in height
Hybrid Spruce ‘ - Picea glauca x engelmanni

Table 2- Vegetation Summary for SBSdk/10

Invasive/Noxious Plant Species Density Location

Oxeye Daisy 3% Ditches, roadside landing
Yellow Hawkweed 1% Ditches, roadside landing
Bull Thistle 1% Ditches, roadside landing

Table 3- Invasive and noxious weeds

In July 2018, I planted a mix of approximately 300 whitebark pine and hybrid spruce
seedlings south of the road on the exposed hillslope and at the base of the hills adjacent the
stream. The areas planted with seedlings were those experiencing the most erosion (personal
communication, R. Phillips; Zuazo and Pleguezuelo, 2008). I also transplanted 32 aspen suckers
in June 2019 to the hillslope from the forest above. The tables below show the relative health of
the seedlings and transplants based on the surveys I conducted in June and July 2019. In June
2019, I also planted live willow cuttings from the willows in the polygon 2 riparian area next to
the stream to stabilize the soil and to slow down and filter water and sediment coming from the
hillslope before it gets to the stream (Alaska Dept. of Fish and Game, n.d.; Redfield, 2010).

The tables below show that the whitebark pine is growing the best with the least trees
showing stress. Despite this site being outside of their traditional range due to elevation, they are
the healthiest seedlings and showed evidence of new growth (Fig. 12). The hybrid spruce
seedlings struggled in their first year, likely due to the late season planting and a dry summer in
2018, since I was not able to irrigate the site. My second site survey in July 2019 showed both
the spruce and pine were less yellow as there had been more precipitation that spring than the
year before. The aspen suckers I transplanted in June had mostly died by July. They did not get
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adequate water to re-root on the hillslope and I could not irrigate. The willow had an almost 65%

survival rate and new shoots were forming less than a month after planting (Fig. 13). It is

possible more willow staking could be done depending on how many transplants survived over

2020. These results and the presence of natural spruce regeneration lead me to think that planting

will not need to occur again, especially as natural aspen, spruce and many local plant species are
finally starting to recolonize the site (Fig. 14).

Seedling Condition | Whitebark Pine (Pa) | Hybrid spruce (Sx)
% Healthy 62.9 14.8

% Un-healthy 24.7 76

% Dead 12.3 0.1

Table 4- Survey transect seedling results, June 23, 2019

Transplant Condition

Trembling aspen (At) | Willow (Wx)

% Healthy 12.5 64.3
% Un-healthy 0 0
% Dead 87.5 35.7

Table 5- Survey transect seedling results, July 18, 2019

Whitebark Pine Seedling

Hybrid Spruce Seedling

Figure 12— Typical condition of planted seedlings, June 2019

22
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Figure 13— Live willow stakes in riparian (flagged yellow), July 2019

23
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July 2018 B . July 2019, 1 year later
Figure 14- Polygon 2 pre and post grass seeding and tree planting

Other Considerations

I visually assessed the archaeology site to determine if the road work had impacted it or if
erosion was a concern. The buffer for the site begins just on the forested side of the ditch and is
surrounded by large trees and shrubs. There is no construction damage and no erosion occurring
near the site. As long as future road work does not remove the trees on that side of the road, there
should be no impact to the site. Additionally, the exact locations of archaeological sites are not
publicly available, and the site is not highly visible from the road which prevents damage from
road users.

24
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This project also addresses potential impacts to Aboriginal interests in the area by
working to restore the natural drainage patterns to limit sedimentation affecting fish and the right
to fish downstream (Beaudry & Associates, 2007; Elliot et al., 1996; Fisheries Target
Committee, 1996). This project also supports the regrowth of native plants that may have cultural
importance and is also helping to re-establish and protect wildlife habitat to support hunting and
trapping interests (Govt of BC, 2019; Hanson, 2009).

5.0 Discussion and Recommendations for Monitoring and Additional
Work

Limitations to Restoration
There were a few limitations to completing the Richmond Lake restoration work:

e [ was restricted to the materials and budget available to me through my partner
organization. If I had an independent budget, I may have chosen to purchase different
trees or shrub species to plant at the site. However, [ was impressed with the health and
vigour of the whitebark pine seedlings.

e There is little baseline data for the stream or the area to make comparisons to for
restoration work and monitoring.

e [ would have liked to involve one of the local First Nation communities in the project.
Although significant engagement occurred on the original road construction, there was
no First Nation participation in the restoration project. Collaborative planning and
decision-making about resource management is a step towards reconciliation and
provides transparency around these types of activities that hopefully fosters trust and
improved government to government relationships.

Expected Outcomes

Based on what I observed during my time at the project site, I expect that there will be
more erosion during heavy rain events. The soil is very fine, and the slopes are unstable with
seepage from upslope. There was a significant improvement in the amount of ongoing erosion
occurring on the site over the year I worked on the project, but until it is fully vegetated, there is
little stabilizing the soil (Chatwin, 1994). Provided there are no extreme weather events or
prolonged drought, the vegetation should continue to grow, and I do not think additional seeding
or planting will be necessary.

It will likely be necessary to continue to manage for invasive and noxious plant species
until the acceptable vegetation can outcompete it (Haeussler, 2015). It may be necessary in future
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years to brush vegetation back from the road for visibility and public safety, with care taken not

to impact the archaeological site.

This project was completed for the Ministry of Forests, Lands, Natural Resource
Operations and Rural Development and, as such, some standard road engineering practices were
employed to manage erosion in the project area prior to my participation in the project (personal
communication, R. Phillips 2015). I expect the combined efforts on this project will improve the
hydrology at the site and assist in the post-disturbance recovery of the ecosystem.

Since I am not able to monitor the effectiveness of the restoration work beyond the scope
of this project, these are my recommendations, although operationally I understand not all may

be feasible.

Monitoring

e Continue monitoring for erosion and sedimentation into
the stream at minimum yearly after spring freshet
o Determine if other erosion methods should be
employed to keep sediment out of stream:
=  More grass seeding, transplanting shrubs
= Replacement of hay bales, fibre rolls or
adding silt fences in riparian area

= Consider adding root wads and boulders to
strategic locations to slow and divert water

from directly entering stream
= [fslopes and the stream bank continue to
slump, consider wattle-fences and live
stakes
o Ifadditional work is required on the stream bank,
consider live willow wattle fences, adding root
wads or boulders to stream bank to prevent bank
erosion during high flow times (SWC, n.d.).
e Fill plant or seed in areas where vegetation is not well
established
e Address any new disturbances that occur to prevent
damage to the site and stream
e Target the site for Forest and Range Evaluation Program
(FREP) effectiveness monitoring, if possible
(FLNRORD, 2020)
e Restrict any disturbance or brushing in the vicinity of the
archaeological site
e Monitor health and growth of whitebark pine seedlings
for species conservation purposes
e Brush roadsides as needed for visibility (avoiding work
near the arch site)
e Hire (paid or volunteer) First Nation and other
community members for monitoring, where possible
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Invasive Plant and
Weed Management
and Disposal

e Manually remove invasive/spreading plants on roadsides:

o On a yearly basis before they go to seed, until site
appropriate vegetation is well established (Ralph
etal., 2017)

o Dig around plants to remove roots (Haeussler,
2015, WCNWB, 2016)

o Clean tools, vehicles, gear and pets before leaving
site to limit spread

o Limit soil disturbance as much as possible

o Bagremoved plants, plant parts and seeds and
transport to a designated disposal site (Ralph et
al., 2017)

o For oxeye daisy, nitrogen fertilizers have been
shown to significantly reduce growth; however,
this can be harmful in watercourses and should be
avoided where runoff will carry the fertilizer into
the stream (Govt of Alberta, 2011)

o Herbicides approved for use in and around water
if spread is otherwise uncontrollable (Sarfaraz,
2017; WCNWB, 2016)

¢ Plant native shrubs, sedges and trees if vegetation
removed or disturbed

® For visibility or budget reasons, if it is not possible to
plant trees or shrubs, seed disturbed areas with native
grasses or an approved seed mix in large areas of soil
disturbance (Zuazo and Pleguezuela, 2008)

Communication and
Engagement

Maintain communication between project partners as well as
recreation and trails staff regarding all major project changes
and milestones

Inform the larger community on project successes and
significant updates to build support for restoration work and
show accountability (Gann et al., 2019)

Communicate results of whitebark pine planting to the
Bulkley Valley Research Centre and the research staff at
Skeena FLNRORD

Involve the community in work bees for project components
that need additional support

Install informative signage about the restoration area to
discourage disturbance

Create information signage on invasive plants in the area and
how to report and remove them from your vehicle or person
to prevent spread

Table 6- Recommendations for monitoring and further work
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Richmond Lake Decision Tree

Is the site funtioning at
pre-disturbance levels?

1
y Are all the plant
Is erosion species growing
currently at the site
appropriate?

Follow recommendations
for removing invasive
species and seed/plant

species missing from site

Is the integrity of the
road or archaeology site
at risk?

J—

Monitor and
adapt
management as
necessary

. o Employ
Consider additional immediate
vegetation, root wads, engineering

boulders, etc.. See measures to save
Recommendatrions resources

-

Figure 14- Management Response Decision Tree for Further Work

The above decision tree (Fig. 15) is meant as an aid for land managers and road licensees
when considering whether the restoration site requires additional works. Some of the
recommendations, such as brushing and road maintenance, are covered in a Professional
Monitoring Plan developed by FLNRORD for every high-risk engineering project (R Phillips,
personal communication, 2020). As an additional measure not normally completed for
engineering works, I have requested ongoing targeted effectiveness monitoring be undertaken
through the FREP program by staff at the Nadina District, beginning in 2021. I will
communicate results of whitebark pine planting to the Bulkley Valley Research Centre and the
research staff at Skeena FLNRORD so that they can continue to track the site and contribute to
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the monitoring of whitebark pine as a species at risk. I have also been given permission by
FLNRORD District engineering staff to develop signage for the restoration site and adjacent
recreation site to explain the project. In conclusion, my intention is to demonstrate that if
considered in the development plan, simple restoration work can be undertaken with little extra
budget or staff time by forest professionals and road crews, going above and beyond what is
required by legislation, to significantly improve ecosystem function. This does not have to be a
special project, it can and should be considered for regular operational work.
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Appendices

Appendix A- Project Site Map and Orthophoto
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Appendix B- Wildlife Surveys and Observed

Prior to road construction, wildlife surveys were conducted as the Ministry of Transportation and
Infrastructure requested adherence to Skeena critical timing windows for wildlife during
construction activities. Karen Grainger, RPBio conducted a pre-clearing nest and wildlife survey
in July 2015. The survey showed a number of habitat features for nesting birds, waterfowl and
raptors, including; old-growth spruce with broken tops, witches’ broom, hollow trees as well as
small wetlands dominated by willows (Salix spp.) surrounding the stream and river to the north

(Grainger, 2015).

Species

Critical Timing Windows

» Wolverine

February 1 to April 30

* Osprey/eagles April 1 to August 31

*» Raptors March 1 to July 31

» Owls (general) February 15 to August 15

* Great Horned Owl January 15 to September 15

* Northern Saw-whet Owl

February 1 to July 15

* Trumpeter Swan

April 1 to July 31

* American Bittern

May 1 to July 31

* Moose/Deer/Elk April 15 to May 15 and July 15 to
November 15

* Grizzly Bear April 15 to May 15

* Black Bear April 15 to May 15

* Passerines (songbirds) May 1 to July 31

* Raptors August 1 to September 30

* Trumpeter Swan

August 1 to September 30

* American Bittern

August 1 to September 30

» Sandhill Crane

critical period of April 1 to September 21

* Trumpeter Swan

critical period of April 1 to August 31

* Great Horned Owl critical period is March 10 to September
6

* Northern Hawk Owl critical period is March 21 to August 8

* Northern Pygmy Owl critical period is March 15 to August 27

* Barred Owl critical period is February 21 to August
14

* Great Grey Owl critical period is February 27 to August

12

* Long-eared Owl

critical period is February 11 to August 1

* Boreal Owl

critical period is March 1 to July 15

* Northern Saw-whet Owl

critical period is February 1 to August 14

* Osprey

critical period is March 21 to September
5
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* Bald Eagle

critical period is March 5 to August 31

* Sharp-shinned Hawk

critical period is April 30 to August 15

* Cooper’s Hawk

critical period is April 1 to August 31

* Northern Goshawk

critical period is March 7 to August 21

* Red-tailed Hawk

critical period is January 26 to August 10

* Deer and moose

critical period is May 15 to July 15 and
cautionary period is from November 15
to May 14.

Skeena Wildlife Timing Windows (Grainger, 2015)

Wildlife Observed 2015 Survey:

Sandhill Crane
Ruffled Grouse
Winter Wren
Swainson’s Thrush
Green-winged Teal
Red-tailed Hawk
Bald Eagle

Red Squirrel
Western Toad
Moose

Birch Sapsucker
Common Snipe
Chirping Sparrow
Dark-eyed Junco
Black-capped Chickadee
White-throated Sparrow
Yellow-rumped
Warbler

Nuthatch

Kinglet

Hairy Woodpecker
Crow

Raven

e Robin

Other Species Identified Prior to Construction (Grainger, 2015)

Ecological Anchors/Habitat Features

- Witches brooms

- Nurse logs

- Hollow aspen and pine wildlife trees
- Old growth spruce with broken tops
- Game trails
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- Trap boxes from trapline indicate presence of furbearers

Wildlife Observed

Common Name

Latin Name

Garter Snake

Thamnophis sirtalis

Mule Deer Odocoileus hemionus
Moose (tracks) Alces

Unidentified raptor

Unidentified songbirds Passerines

Rufous hummingbird

Selasphorus rufus

Ruffled Grouse

Bonasa umbellus

Bumblebees

Bombus ssp.

Dark-eyed Junco

Junco hyemalis

Wildlife and ecological anchors/habitat features observed
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Appendix C- Regulatory Standards

The original road construction and related activities occurred in compliance with the applicable
provincial legislation and regulations, including the Water Sustainability Act (2014), the Terms
and Conditions for Changes in and About a Stream in the Water Regulation (2018), the Forest
Act (1996) and the Forest and Range Practices Act (2002). The Heritage Conservation Act
(1996) applies to archaeological resources. The federal Fisheries Act does not apply as the
stream is not fish-bearing.

In addition, the objectives and strategies in the Lakes North Sustainable Resource Management
Plan (Lakes North SRMP, 2009) and the Lakes District Land and Resource Management Plan
(Lakes District LRMP, 2000), apply where legally required, directed through policy or are a
requirement of obtaining a license for work.
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Appendix D- Ground Inspection Form, Polygon 1
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Appendix E- Ground Inspection Form, Polygon 2
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Appendix F- Slope Stability Forms, Polygon 1

Sile Mame: o b L B | 5 294,
t.hpsmet"ng-a‘ii;a;ﬁ "%m = 'Efﬁ

:  Concave O
Surface Configuration: Uniormsmooth i h-reg:_.fm-.:h-_.-u

opeAngle; . (degrees)£7-13 3 “(percent)

1) Landform/Slope Data (Secton 2.3.1 p 41
El:puﬂhlﬂt‘ Corex 1 Shu;it ~

Ll ] dl'-l-r-'ll_
slemd
'5-1-::,.‘! afapy 1;-”.
ik ~ Fed R N>

ﬁ mﬂgurdnr_:&hmcter]sﬂns (Saction 2.3.1, p. 48-58
ype: Fhunial'Glaciofiuvial O
arire Weathered rock (Residual Soil) O

Oehar,

Texture: Esfimate “hGraveltubble o
“wiand__ 35
¥ Finis (silticley) £

GDH'“F ent Shape: FIm:m-rsn:laua-:r_lzlIr Anguar

@ Layer: Yes O DepthBelowSurace. (meters)

:__'_— Ty, 'i*"--mfl. r.r-_-.m-l.-_s.
Ei- 3 B B :Mmmmmhmm
- mmet_J

3) Geological Process Data ion2,
umﬁ (Section2.3.1, p. 50-62}

1I§vld~mF'_:; u':ran;,:u Landslides: Yes W o
ype: eep O Sump H Earthfow Dah“s'i'
(b oment O

Slope angla; (degreas)67-/FF 5%
Slope Shape: Concave O Corivex O 3
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Ovorel Draknetes Fopidomi s e uo . (Yee .
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Landuse: Clearcit O Matural O Road o Fregepoat
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=5 Ak - = rn-”-__ Tadh g = i
ey pinansig]
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Box 3 confinued
Dther Features that Indicate Instability
Gully Eroslon
Desgached by Guilies:
MM%E&MI- &
an . ¥ 1 Mo

Termination Point of Gully: (describe) Femé i il f Stee e
Tension Fractures

Tension Fractures Evidentin:. Roadbed 0 Overburden O
Larxslide Depos®s (indicate upsiops landsiide actity)

Debris FlesfimeguiarMounds at Bese of Slope -~ O Yes (3 Nos

B Yes Mo

Upsiope Location of Landside:
Fana'Conesat Base of Shope: : Q Yes g Mo
Laobas/Levasson Fan Surface: 00 Yes Mo
Buried Landslide Deposits; OYes © Mo
Upslope Location of Landslide:

4) Bedrock characteristics (Section2.3.1, p. 82-88) ),
edrock: Exposadiputcrops) O Subsuriace (burled) O
Badrock Type: Volcanic O Intrusive O Sedimentany O

Metamomphic O Spacific Type:

Structure: Massive (nonbedded) D
Bedded O Dip {paralal to slopa) 0
JointedFraciured O Dip {paraliel io slope) O

Stratigraphy that Promotes Landslidos:
Massive Beds over Easily Eroded Beds O

Local Setting:  Tension Fradures: O Yes & No
Clifts: 3 Yes EMD
Frash rock exposed on diff facs: 0 Yes Mo
Seattered boulderblocks athase of cliff: Q2 Yes A No
Talhus at base of cliff O Yes O Mo
Fresh rocks on lalusfresh blocksalbasa: O Yes @ Mo

5) HydrologicCharacteristics (Section2.3.1, p. 67-89)
E!rl:lmu of Wat Soils:

Miotlles in Uipper Meler of Solt UYes & Mo
Gleyad Soils: O Yes [@Mo
Surface "Wet"” Indicators:

Spings O SagPonds O SeepapsDamp Sies 4
Shallow Linear i

Drainage of Overburden: Rapid'Well O Mod. Wallimparfect @
Poor=y. Poor O

6) Vegetation (Seciion2.3.1,p 70-73)

Water tolerant Vegetation Present: MYes O Mo
Idendi Jeg _hoss

mww::ws Jackzlrawad/Leaning Trees O Solit Treest O
Curved Tress O Linear patches of uniform age forest onerted
downsiopa Bl differ from sumounding forest O

Evidence of Windthrow: : QYes B gln

Site Eundiium;_!‘?@r'r -z!'-utfj het, Gfpn, stmmoart d far rpad

Flald dats card
3
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Pari A: EVIDENCE OF LANDSLIDES (check appropriste boxes) |

2. Tensiontechores [ arcurate depeessiors [J mw'ﬂ" spit oo ([
enssohelor berctes [ bupssbicad [0 sagponds O *

9. Prrially vegaiated siips (] near peiches of evan-agedmbar [ busiod landsiicks deposic
dowmslope depasis of debris 6 debrisfledguies [

| 4 Doop guiies and camyors [ gully gradiam >22°, >40% [fepanicnenganic detrs in charrals [

ot piles al mouth O  revw. ewpossd quiy sda-wals Hr
Q

& Tabsacantrmd baukiors al skopa Sase (TRsn, ricent| ] I

chil aoe with imsh wpesed ek [

1. Macast ehtitat crur i the e 6 —%+
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Appendix G- Site Diagram
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Appendix H- Restoration Diagram
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