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Executive Summary
This document presents a framework for renewal of the Sarita and Pachena watersheds located
on the west coast of Vancouver Island within the traditional territories (the Haa-houlthee) of
the Huu-ay-aht First Nations (HFN). Land in the Sarita River and Pachena watersheds include
HFN-owned lands, provincial crown land, private land, and a small portion of Pacific Rim
National Park. As of present, the timber harvesting land base in the Sarita watershed is
~18,957 ha and ~4,077 ha in the Pachena watershed. Both watersheds have been heavily
logged and most (greater than 90%) of the forest is second growth while approximately 2% is
Old Growth (greater than 250 years of age). Currently, there are 634 km of roads in the Sarita
watershed and 183 km of roads in the Pachena watershed.

Several land use planning documents have been developed for the Sarita and Pachena
watersheds or portions thereof. Two overarching plans include the 2013 Huu-ay-aht First
Nations Land Use Plan (HLUP) which applies to treaty lands and the Vancouver Island Land Use
Plan and Higher Level Plan (VIHLP) which apply to provincial Crown land. Except for non-treaty
private land, these plans set the management emphasis and direction for the landbase.

Until the 1990s, road building and timber harvesting throughout much of the watersheds had
been carried out on steep unstable slopes and up to the edge of watercourses. Roads were
often poorly built and stream crossings poorly designed. This has resulted in numerous
landslides, the mobilization of sediments to watercourses, increased peak and annual flows,
changes in stream channel morphology, the loss of wildlife habitat, the loss of fish habitat, and
the degradation of the Sarita estuary. In recent years, forest practices have greatly improved;
however, the legacy of poor forest practices remains.

The Sarita and Pachena watersheds and surrounding areas are considered to have a high
cultural value to HFN because of historical use which includes gathering sites, hunting and
fishing areas, camps, meeting sites, and archaeological, and sacred sites. The watersheds have
high value fish and wildlife habitat. For HFN, the renewal of the Sarita and Pachena watersheds
is essential to maintain valuable ecosystem services such as sustainable forestry, a healthy
salmon fishery, hunting and gathering, and cultural identity.

Huu-ay-aht First Nations seek to renew the Sarita and Pachena watersheds, and eventually
other watersheds within the Haa-houlthee, recognizing that this process may take many
generations. With the enactment of the Maa-nulth Treaty and emerging economic
opportunities, HFN is in a strong position to renew the fish and wildlife productivity and
ecological integrity of the Sarita and Pachena watersheds while protecting cultural and heritage
values and continuing with forestry operations.

Renewal of the Sarita and Pachena watersheds requires an ecosystem-based approach that
recognizes the interconnections between community, land, water, and biota. Paramount to this
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is adherence to the three sacred principles of HFN together with ecological principles. The
overarching vision is to restore the Sarita and Pachena watersheds to support fish and wildlife
populations and cultural values for present and future generations. At the outset, it is
recognized that renewal of some ecosystems and populations may take decades. It is also
recognized that watershed renewal must still allow the HFN to benefit culturally and
economically from the resources of these watersheds.

Part 1 of the document provides descriptions of the watersheds, a summary of land status and
land use planning, a description of the natural resource values, and a summary of forestry
impacts on fish, wildlife, species, and risk.

Part 2 of the document presents the Renewal Framework along with a summary of the
potential watershed renewal opportunities. The purpose of the Renewal Framework is to
provide direction that will ultimately lead to the development of a comprehensive Renewal
Plan. The Renewal Plan should incorporate a two-pronged strategy that prioritizes both long-
term objectives (10 years or greater) intended to restore ecosystem processes, and short-term
objectives required for the management and conservation of high value species or the
protection and enhancement important fish and wildlife habitat. Monitoring and adaptive
management will form part of the Renewal Plan which will be a living document for many
decades.

A key aspect of the Renewal Plan will be to prioritize restoration actions based on Huu-ay-aht
and ecological principles and in coordination with existing resource management plans,
regulations, and policy. It is envisioned that the Renewal Plan will be developed and updated
annually by a steering committee and technical working group that will include HFN resource
managers, aquatic and terrestrial restoration ecologists, foresters, other professionals as
required, along with HFN community representation.

This Renewal Framework identifies several assessments and inventories that can be conducted
while the Renewal Plan is being prepared to address known information gaps relating to the
condition of the Sarita and Pachena watersheds, the condition of fish and wildlife habitats, and
the status of fish, wildlife, and species at risk in the watersheds. The purpose of these
assessments and inventories will be to specify where and what kinds of renewal actions are
required to achieve short and long term renewal goals (such as restoring watershed processes,
fish habitat and productivity, estuary productivity, wildlife habitat and populations, and species
at risk). Information from these assessments and inventories will take at least one to two years
to acquire and they should thus be considered a high priority so the information can be
incorporated earlier into the planning process. In each assessment, opportunities for HFN
community engagement should be identified including associated economic opportunities and
cultural benefits.
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Introduction
This document is a framework for renewal of the Sarita and Pachena watersheds. Part 1 of the
document provides descriptions of the watersheds, a summary of land status and land use
planning, a description of the natural resource values, and a summary of forestry impacts on
fish, wildlife, species, and risk. Part 2 of the document presents the Renewal Framework along
with a summary of the potential watershed renewal opportunities.

Huu-ay-aht First Nations (HFN) Ha-houlthee (traditional territory) includes Barkley Sound, the
Alberni Inlet, and at its ‘heart’, the Sarita River watershed. Surrounded by giant cedar and
hemlock, the Sarita River was one of the most productive salmon rivers in Barkley Sound and
since time immemorial, the Sarita and surrounding watersheds have sustained the Huu-ay-aht
people. However, after decades of commercial fishing and extensive forestry, the rivers and
watershed in the Ha-houlthee have been severely degraded.

Huu-ay-aht First Nations seek to renew the Sarita and Pachena watersheds recognizing that this
process may take many generations. With the conclusion of the Maa-nulth Treaty and emerging
economic opportunities, HFN is in a strong position to renew the productivity and ecological
integrity of the Sarita and Pachena watersheds. The direction for this document is provided by
the 2016 HFN Strategic Plan, 2013 HNF Land Use Plan, and from the 2014 People’s Assembly.
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Part 1: Background

1. Study Area

1.1. Sarita and Pachena Watershed
The Sarita and Pachena watersheds are located on the west coast of Vancouver Island adjacent
to Barkley Sound (Figure 1); the watersheds are 19,247 and 4,887 ha in area, respectively. The
climate is oceanic with cooler summers and warmer and wetter winters than inland areas. The
daily mean temperature is 9.4°C and the average rainfall is 2,869 mm (Environment Canada
2016). Rainfall is highest between November and March (more than 300 mm per month) and is
lowest during July and August (less than 80 mm).

The geology of the Barkley Sound area is diverse with sedimentary, metamorphic, and igneous
rocks (Carter 1973). The dominant rock types are basalts, andesites, granodioritcs, and diorites,
which along the coastal plain are mantled with deposits of sandstone and glacial drift. The
geologic record of Barkley Sound indicates cyclical and abrupt changes, on decadal to millennial
scales, which is in part due to the seismic activity associated with the Cascadian Subduction
Zone. Both the amount of rainfall and occasional seismic activity contribute to the risk of
landslides on steep terrain.

1.2. Rivers and Lakes
The main water courses of the Sarita watershed include the Lower Sarita River, Upper Sarita
River, South Sarita River, and Frederick Creek, and the smaller tributaries of the Upper Sarita:
Central, Hunter, Thompson and Miller creeks (Figure 2). Sabrina Creek is an important tributary
of the South Sarita River for anadromous salmon, which branches off ~1.5 km upstream of the
confluence of the South Sarita and Sarita rivers. Downstream of Sarita Lake, the width of the
Sarita River varies between 15 and 30 meters until it reaches the estuary at Numukamus Bay in
Trevor Channel.

Sarita Lake (~147 ha) is located half way up the watershed (10.4 km). Fish passage is blocked by
Sarita falls, ~1 km downstream of Sarita Lake. The South Sarita River intersects the Sarita River
half way between the river mouth and Sarita Lake. Other lakes within the watershed include
Frederick Lake (~41 ha), and Bewlay Lake (~11 ha).

The main water courses of the Pachena watershed include the Pachena River and Rosseau
Creek. Lakes include Pachena Lake (~55 ha), Rosseau Lake (~19 ha), and Calamity Lake (~17 ha)
(Figure 2).
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Figure 1 Location of the Sarita and Pachena watersheds.

1.3. Biogeoclimatic Zones and Habitat Types
Biogeoclimatic zones reflect the ecological effects of climate, topography, and soil on
vegetation. A single biogeoclimatic zone covers the Sarita and Pachena watersheds: the Coastal
Western Hemlock (CWH). That zone comprises three subzone variants: the CWH submontane
very wet maritime (CWHvm1), CWH montane very wet maritime (CWHvm2), and CWH
southern very wet hypermaritime (CWHvh1) (Table 1; Figure 3) (BC Government 2014). All the
subzone variants are classified as Natural Disturbance Type 1. This means that stand-initiating
events (e.g., wildlife fire) are rare, with a mean return interval of ~250 years.
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Figure 2 Waterbodies of the Sarita and Pachena watersheds.

Table 1 Biogeographic Ecosystem Classification (BEC) variant composition of the Sarita and Pachena
watersheds.

BEC Subzone Variant Description*
Sarita
(ha)

Pachena
(ha)

Total
(ha)

CWHvh1: Southern Very Wet
Hypermaritime Coastal Western
Hemlock Variant

Dominated by Hw, accompanied
by Ba, Cw, and minor amounts of
Yc. Evergreen huckleberry is a
good indicator of the CWHvh1.

459 1,355 1,814

CWHvm1: Submontane Very Wet
Maritime Coastal Western
Hemlock Variant

Dominated by Hw, Ba, and lesser
amounts of Cw. No Yc. Less
Rhytidiopsis robusta.

16,665 3,491 20,156

CWHvm2: Montane Very Wet
Maritime Coastal Western
Hemlock Variant

Dominated by Hw, Ba, and, to a
lesser extent, Cw, Yc, and Hm.
More Rhytidiopsis robusta.

2,124 41 2,165

Total 19,247 4,887 24,135
*Hw = Western Hemlock, Ba = Amabilis Fir, Cw = Western Red Cedar, Yc = Yellow Cedar, Hm = Mountain Hemlock.
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Figure 3 Biogeoclimatic subzone variants of the Sarita and Pachena watersheds.

Table 2 summarizes the general habitat types obtained from the Sarita Terrestrial Ecosystem
Mapping (TEM) database (Shearwater Mapping 2001). Forest habitats dominant the watershed;
followed by riparian habitats, wetland, lake, and river courses. Other than logging and roads,
very little land in the watershed has been developed (less than 0.05% in the Sarita watershed
and less than 0.5% in the Pachena watershed).
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Table 2 Area of general terrestrial habitat types identified in the TEM database in the Sarita and Pachena
watersheds.

Terrestrial Habitat Sarita (ha) Pachena (ha) Total (ha)

Forest 18,175.0 4,374.3 22,549.3

Riparian 679.6 237.1 916.7

Wetland 165.8 177.7 343.4

Lake 159.7 54.0 213.7

River 41.7 12.9 54.6

Developed 2.7 22.8 25.5

Other 6.7 4.9 11.6

Beach - 3.72 3.7

1.4. Forests
Forests in the Sarita and Pachena watersheds are highly productive and are dominated by
stands of Western Hemlock (Tsuga heterophylla). Douglas-fir (Pseudotsuga menziesii), Sitka
Spruce (Picea sitchensis), Western Red Cedar (Thuja plicata), and Pacific Silver Fir (Abies
amabils) are also present. At higher elevations, Yellow Cedar (Chamaecyparis nootkatensis)
becomes more common.

Both watersheds have been heavily logged and most (greater than 90%) of the forest is second
growth while approximately 2% is Old Growth (greater than 250 years of age) (Table 3). Most
old and mature forest) is located at higher elevations and at the upper end of the watershed
(Keystone 2006). Mature forests are greater than 120 years of age (BC Government 1995).

Table 3 Age composition of forests in the Sarita and Pachena watersheds.

Age Class
Sarita Pachena Total

ha % ha % ha %

Unclassified 1,143 6% 92 2% 1,235 5%
1–20 Years 9,539 51% 3,370 73% 12,909 56%
21–40 Years 1,774 10% 378 8% 2,152 9%
41–60 Years 1,433 8% 44 1% 1,477 6%
61–80 Years 4,345 23% 611 13% 4,956 21%
>251 Years 329 2% 119 3% 448 2%
Total 18,564 4,614 23,178

1.5. Riparian Habitat
Riparian habitats are vegetation communities and ecosystems adjacent to, and influenced by,
streams, rivers, wetlands, or lakes (Gregory et al. 1991). Riparian habitats tend to be highly
productive and preform important ecosystem services – they dissipate stream energy, reduce
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soil erosion, and trap sediment, making them important for maintaining the integrity of
adjacent aquatic ecosystems (Soman et al. 2007). Riparian habitats and ecosystems also
provide habitat and movement corridors for a wide range of wildlife species. They are
particularly important to amphibians, reptiles, birds, and many species of mammals. Species at
risk are often dependent on riparian habitats and ecosystems.

Historically, riparian habitats in the Sarita and Pachena watershed were dominated by large
conifers that shaded and protected stream banks and provided a source of large woody debris.
Early logging along the water courses within the Sarita watershed left little or no riparian
habitat unaltered (Bocking et al. 1997). Riparian zones are now dominated by a thick cover of
Red Alder (Alnus rubra), Black Cottonwood (Populus balsamifera ssp. trichocarpa), and Big Leaf
Maple (Acer macrophyllum). Common shrubs include Salal (Gaultheria shallon), Alaskan
Blueberry (Vaccinium alaskaense), Red Huckleberry (Vaccinium parvifolium), and salmonberry
(Rubus spectabils) (Bocking et al. 1997). The same is generally true for the Pachena watershed.

Terrestrial Ecosystem Mapping indicates there are ~917.7 of riparian habitat in the two
watersheds based on vegetation community map codes in the TEM database (Shearwater
Mapping 2001) (Table 2). Extensive riparian habitat occurs along the mainstem of the Sarita
River (particularly near the mouth and lower main-stem) and South Sarita, and Pachena rivers.
Riparian habitat also occurs adjacent to waterbodies such as lakes and small tributaries.
Additional mapping and ground truthing is required to assess the condition of riparian habitat
in Sarita and Pachena watersheds.

1.6. Wetlands
Wetlands are temporary or permanently flooded habitats or ecosystems dominated by
hydrophilic (water-loving) vegetation (Mackenzie and Moran 2004). Wetlands are often very
productive and provide a similar suite ecosystem system services as riparian ecosystems but
have lower hydrologic energy (i.e., less water flow). Wetlands tend to be very productive, purify
water, reduce sedimentation, reduce flooding and erosion, provide habitat for fish and wildlife,
increase biodiversity, and serve as movement corridors for some wildlife species (Millennium
Ecosystem Assessment 2005). Wetlands are also important for sequestering atmospheric
carbon (Mitsch et al. 2015).

Terrestrial Ecosystem Mapping indicates ~343 ha (Table 4) of wetland habitat in the Sarita and
Pachena watersheds (Shearwater Mapping 2001). Prominent wetlands have developed along
the margins of Belway Lake and other small lakes in the two watersheds. Field assessments are
required to assess the condition of wetlands in the watersheds.
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Table 4 Wetland types in the Sarita and Pachena watersheds.
Wetland Type Sarita (ha) Pachena (ha) Total (ha)

Bog 15.7 22.0 37.7
Pond 16.0 26.1 42.0
Swamp 71.4 72.6 144.1
Fen 24.5 47.7 72.3
Marsh 2.3 - 2.3
Estuary 35.8 9.2 45.0
Total 165.8 177.7 343.4

1.7. Estuary
The Sarita estuary is located at the mouth of the Sarita River within Numukamis Bay. This
estuary system is one of the largest in Barkley Sound and is an important clam harvesting area
for HFN. The estuary includes one of the two Treaty-protected Huu-ay-aht Inter-tidal Bivalve
Harvest Areas (Figure 2). The estuary consists of tidal flats with subtidal eelgrass beds at
shallower depths (Figure 4). Tidal channels extend out into Numukamis Bay to a steep slope
that extends to a maximum depth of 120 m (Curtis and McGraw 2008).

The deposition of gravel and fines from the Sarita River has changed the structure and
composition of the estuary over the last century (Barry 2010). Aggrading of the estuary appears
to have caused the Sarita River to go from a typical braided channel to a more channelized
pattern with elevated gravel bars. Large volumes of sediments have been deposited in the
estuary changing the hydraulic forces operating creating channels that concentrated the energy
of the river to specific areas of the estuary instead of spreading it out. Barry (2010) suggests
that overall result has been a reduction in the productive capacity of the estuary for fish,
shellfish, birds, mammals, and plants.

2. Maa-nulth Treaty and Treaty Rights
Huu-ay-aht First Nations is one of five Maa-nulth First Nations that negotiated the first modern-
day treaty to be concluded on Vancouver Island. Initiated in 2006, the Maa-nulth Final
Agreement (MFA) came into effect April 1, 2011 (BC Government and MFN 2012).The
Maa-nulth Treaty lays out the governing powers of each Maa-nulth Nation and each of the five
Nations has their own Constitution that spells out the rights and responsibilities of its citizens
and enables each Nation the authority govern themselves and to enact laws. The Treaty also
included the return of 8,258 ha to HFN as fee simple land. The treaty further sets out how the
Maa-nulth First Nations, along with the provincial and Federal governments share benefits from
natural resources, and how those resources will be managed.
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Figure 4 Sarita River estuary, July 17, 2016.

2.1. Fish and Aquatic Plants and Fisheries Management
Under the Maa-nulth Treaty, the Maa-nulth Nations have:

 an exclusive right to harvest Inter-tidal Bivalves for food, social and ceremonial purposes
on specific beaches (Inter-tidal Bivalve Harvest Areas [IBHA]) that are adjacent to or
near treaty lands;

 a non-exclusive right to harvest Aquatic Plants and other species of Fish anywhere
(other than Inter-tidal Bivalves) and Aquatic Plants for food, social and ceremonial
purposes within two Domestic Fishing Areas: Kyuquot Sound Domestic Fishing Area and
Barkley Sound Domestic Fishing Area, subject to certain limitations specified in the
Maa-nulth Treaty and a Harvest Document issued annually by Canada.

Pursuant to the Maa-nulth Treaty, a Joint Fisheries Committee (JFC) was established to
co-manage the Maa-nulth First Nations domestic fisheries in coordination with commercial and
recreational fishing.

2.2. Commercial Harvesting Rights
Huu-ay-aht First Nations holds several commercial fishing licences and have a right to convert
these and additional commercial fishing licenses into Harvest Agreement licenses. Harvest
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Agreements are agreement established between a First Nation and the provincial and federal
government that specify commercial harvesting guidelines including portions of the total
commercial catch for each given species.

2.3. Forest Resources
Huu-ay-aht First Nations owns all forest and range resources on their treaty settlement lands
(Figure 5). On these lands, HFN controls the management and harvesting of trees and non-
timber forest resources for commercial and traditional purposes.

Huu-ay-aht First Nations retains rights within national parks and national marine conservation
areas to conduct activities such as harvesting plants for food, social and ceremonial purposes;
gathering plants or timber resources for medicinal, ceremonial, or artistic purposes; trapping of
fur-bearing animals; and the hunting of birds and mammals for food, social and ceremonial
purposes.

Huu-ay-aht First Nations owns the subsurface resources beneath treaty lands. They have the
authority to set fees, royalties and other charges for exploration, development, or extraction
and production of those resources.

2.4. Wildlife and Migratory Birds
Under the treaty, HFN have a right to harvest:

 Wildlife for food, social and ceremonial purposes in the Wildlife Harvest Area; and
 Migratory Birds for food, social and ceremonial purposes in the Migratory Birds Harvest

Area.

Similar to the Domestic Fishing Area, the Wildlife Harvest Area and the Migratory Birds Harvest
Area are both divided into two larger areas: one in Kyuquot Sound and the other in Barkley
Sound.

2.5. Water
Water resources are recognized under the treaty. Huu-ay-aht First Nations has been issued a
water allocation of 75,000 cubic decameters per year by the BC Government. The water may be
used for domestic use, and industrial purposes, including hydroelectric power generation.

3. Land Ownership
Land in the Sarita River and Pachena watersheds include HFN-owned lands, provincial crown
land, and private land (Figure 5). A small portion of the Pachena watershed is included Pacific
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Rim National Park. Following the signing of the Treaty, 1,077 ha of former Reserve lands and an
additional 7,181 ha of Treaty Lands were returned to HFN. The bulk of the remaining land is
owned by the Crown and managed under tenure by the Huu-ay-aht and Western Forest
Products (WFP). A breakdown of land ownership is provided in Table 5.

Figure 5 Land ownership and Forest Licenses in the Sarita and Pachena watersheds.

Table 5 Table of Land ownership and Forest Licenses in the Sarita and Pachena watersheds. Area is in hectares (ha).
Owner Sarita (ha) Pachena (ha) Total (ha)

Huu-ay-aht Treaty Lands 4,878 571 5,449
HFN Woodland Licence (FNWL N1A) 5,441 3,417 8,858
HFN Community Forest Agreement (CFA K3N) 1,786 0 1,786
Bamfield Huu-ay-aht Community Forest 0 89 89
IR 1 and HFN Private Land 984 NA 984
Island Timberlands Private Land 507 0 507
Pacific Rim National Park 0 63 63
Crownland: Western Forest Products TFL 44 5,651 NA 5,651
Total 19,247 4,887 24,134

* Area within the Sarita and Pachena watersheds. NA means not available.
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4. Land Use Planning
Several land use planning documents have been developed for the Sarita and Pachena
watersheds or portions thereof (Table 6). Two overarching plans include the 2013 HFN Land
Use Plan (HLUP) which applies to treaty lands and the Vancouver Island Land Use Plan and
Higher Level Plan (VIHLP) which apply to provincial Crown land. Except for non-treaty private
land these plans set the management emphasis and direction for the landbase.

Table 6 Land use planning documents applicable to the Sarita watershed.
Author Year Title and Description

HFN 2016
HFN Strategic Plan 2016–2020. The Strategic Plan reflects the input of citizens, Ḥaw̓iiḥ, and
committee members, who voiced their ideas in the creation of the preceding plan and through
renewed consultation in the fall of 2015. 

HFN 2013
HFN Land Use Plan. The Huu-ay-aht Land Use Plan articulates the vision and principles that guide
the development and use of Huu-ay-aht Treaty Lands and resources, as well as land and resource
use throughout the balance of the Huu-ay-aht Ha-houlthee.

BC
Government

2006

Biodiversity Chapter for the Sarita and Klanawa Landscape Units.
Provides the Legal Objectives and Management direction for the Sarita, and Klanawa Landscape
Units (LUs) as well as description of the LUs, discussion of significant resource values, and a
summary of proposed Old Growth Management Areas (OGMAs).

2002

FRPA: Forest and Range Practices Act.
Forest regulation that set objectives for sustaining forest values. Licensees are required by FRPA
to submit for approval a “Forest Stewardship Plan”, which states how the licensees will address
the provincial environmental and non-timber objectives.

2000

Vancouver Island Land Use Plan (VILUP). Summarizes the strategic as derived from government’s
1994 Land Use Decision, CORE’s 1994 Recommended Land Use Plan, government’s 1996 Special
Feature Protected Areas Decision, and its 1997 Resource Management Zones Report.

VILUP Summary Document Backgrounder.
Provides an overview of the Vancouver Island Summary Land Use Plan.

Vancouver Island Higher Level Plan (VIHLP).
Order in Council Establishing Resource Management Zones and Resource Management Zone
Objectives within the area covered by the Vancouver Island Land Use Plan.

4.1. HFN Land Use Plan (2013)
Following the completion of the Maa-nulth Treaty, a Land Use Plan (like those prepared by
municipal governments in British Columbia) was prepared. The Huu-ay-aht Land Use Plan
(HLUP; HFN 2013) articulates the vision and principles that guide the development and use of
Huu-ay-aht treaty lands and resources, as well as land and resource use throughout the balance
of the Huu-ay-aht Ha-houlthee. The HLUP functions as a guide for residents, landowners,
businesses, community organizations and governments contemplating land use and property
development on Huu-ay-aht Treaty Lands.



13

The Huu-ay-aht Land Use Plan:

 sets out the broad objectives and policies for the Huu-ay-aht concerning the form and
character of existing and future land uses, the provision of services, as well as
establishing clear guidelines for land use and development;

 provides a roadmap for future growth and development that is consistent with our
values, culture, heritage, traditions, and local realities. The plan is an important guiding
document as we take on new responsibilities for our lands;

 has been prepared in accordance with Huu-ay-aht government direction and guidance; and
 serves as a foundation for all policies, regulations, and decisions pertaining to land use

and development on Huu-ay-aht Treaty Lands.

Direction for managing specific resources (wildlife, fisheries, and forests) on treaty lands are
provided in regulations passed by the Huu-ay-aht government. Regulations pertinent to the
Renewal Framework are listed in Table 7.

Table 7 HFN Regulations that pertain to resource management. Titles are linked to online documents.
HFN Acts HFN Regulations

Land Act – Official
Consolidation
(HFNA 9/2011, as amended
by HFNR 1/2015)

Land Use Plan Regulation (HFNR 3/2011, as amended by HFNR 12/2013)

Land Interest and Temporary Permit Regulation (HFNR 7/2013)

Non-Replaceable Forest License Regulation (HFNR 14/2013)

Eligibility for Land Interest Regulation (Steelhead LNG Corp.) (HFNR 8/2014)

Resource Harvesting Act –
Official Consolidation
(HFNA 11/2011)

Fisheries Regulation (HFNR 15/2011, as amended by HFNR 18/2011)

Wildlife and Migratory Birds Regulation (HFNR 16/2011, as amended by HFNR
19/2011)

4.2. HFN Strategic Plan 2016–2020
The HFN Strategic Plan builds off the previous 2014–2017 Strategic Plan (HFN 2014), and
reflects the input of citizens, Ḥaw̓iiḥ, and committee members, who voiced their ideas in the
creation of the preceding plan and through renewed consultation in the fall of 2015. Five goal
areas identified through community consultation include:

 Infrastructure creation and renewal;
 Revival of language and culture;
 Conservation of natural resources in our ḥahuułi (Ha-houlthee);
 Citizen development through empowerment and support; and
 Building a strong economy.

The HFN Strategic Plan specifies the following goal and objectives under natural resource
management.
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Goal:
Huu-ay-aht will build and maintain physical and organizational structures for a safe, healthy,
and connected ḥahuułi.

Objectives:
 Develop Integrated Resource Management Plan;
 Implement the side agreements and final agreement of the Maa-nulth Treaty;
 Practice good environmental stewardship;
 Promote and regulate harvesting of aquatic and terrestrial resources;
 Develop Kiixịn as a premier cultural tourism destination; and
 Develop a strong environmental governance structure and practices.

4.3. Vancouver Island Land Use Plan
The Vancouver Island Land Use Plan (VILUP) and the Higher-Level Plan (HLP) were enacted in
2001 establishing Resource Management Zones (RMZs) and resource management objectives
for most of Vancouver Island. Under the VILUP and HLP, the Sarita Landscape Unit (which
includes the Sarita and Pachena watersheds) was designated as high intensity Enhanced
Forestry Zone to be managed to increase the short-term availability of timber with an emphasis
on enhanced silviculture and increased growth and yield.

Enhanced Forestry Zones were established impart to partially offset impacts to communities
resulting for new Protected Areas (e.g., parks) established under the VILUP (BC Government
2000a). To increase the short-term wood supply, Forest Practice Code regulations on cutblock
size, green up, old growth management and restocking requirements were relaxed
(BC Government 2000b). Basic biodiversity management is specified, as is direction to consider
retaining more than one third of the old seral forest targets if necessary to accommodate
habitat for Marbled Murrelet and other wildlife.

In 2006, Land Use Objectives Regulations came into force via the Land Act (2002) replacing the
authority to establish Higher Level Plans (HLPs) under the former Forest Practices Code.
However, HLPs established under the Forest Practices Code continue to have effect under the
Forest and Range Practices Act (FRPA) through grandfathering provisions unless otherwise
amended or cancelled via the Land Use Objectives Regulations. The objectives identified under
the HLP (BC Government 2002b) can be summarized as:

 To increase the short-term availability of timber;
 Avoid or mitigate adverse hydrological impacts in watersheds with significant watershed

sensitivity and significant fisheries values;
 Ensure that not more than 20% of the cutblocks will be reforested using a single species; and
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 Retain old growth forests to meet old seral targets and marbled murrelet habitat
requirements in the non-contributing landbase to the fullest extent possible.

Currently, the objectives set under the HLP for the Sarita watershed remain in effect on Crown
land only.

4.4. Old Growth Objectives
The Vancouver Island Higher Level Plan (VIHLP) (2000b) and the Order Establishing Provincial
Non-Spatial Old Growth Objectives (NSOG) (BC Government 2004) provides direction for
managing old growth by landscape unit. Under these directives, old growth is managed either
spatially as Old Growth Management Areas (OGMAs) or non–spatially as per the NSOG.
Designated as low biodiversity emphasis, non-spatial old growth objectives for the Sarita
Landscape Unit specify the retention of 13% or more as ‘old forest’, greater than 250 years of
age. However; the old forest retention percentage may be reduced by up to 66% to the extent
necessary to address impacts on timber supply. The non–spatial old growth objectives are
specified in Forest Stewardship Plans (FSPs) prepared by licensees (Section 4.5).

Draft OGMAs were delineated for the Sarita Landscape Unit in 2005 (Keystone 2006). The draft
OGMAs will net down the operable area for the timber supply analysis, but a public and First
Nations review process must be completed before they are finalized and can be granted legal
status. The criteria used by Keystone (2006) to select the draft OGMAs included:

 ecosystem representation – OGMAs should contain the full suite of ecological units
present on the land base;

 wildlife habitat – OGMAs should be placed in areas where they can provide the required
old forest habitat components for priority species identified in local and provincial
planning processes;

 rare red and blue listed plant communities and elements – OGMAs should provide
protection or sustainable management for rare plant taxa and old forest communities
where the locations of these are known; and

 specific high-value areas from local knowledge.

Despite being designated as draft, OGMAs are managed as they have been legally adopted. An
assessment of the draft OGMAs should be completed to ensure they are meeting their objectives.

4.5. Forest Stewardship Plans (FSPs)
Under the Forest and Range Practices Act (FRPA), licensees are required to develop FSPs to detail
their forest practices on Crown land for a given period (typically 5 years). Forest Stewardship
Plans must describe how forestry and non-forestry values, including soils, fish and wildlife, water
quality, and biodiversity will be protected during forestry operations. Forest Stewardship Plans
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include objectives, strategies, and results specified under FRPA, the direction provided by the
Higher-Level Plans, and other values identified by the licensee. Current strategies for addressing
these objectives are described in the FSPs prepared by Western Forest Products (2012) and HFN
(2016) (Table 8).

Table 8 Current Forest Stewardship plans and supporting documents that pertain to the Sarita watershed.
Author Year Title and Description

Meridian Forest
Services/Huu-ay-aht
First Nations

2016

2016–2021 HFN Forest Stewardship Plan. Background document

2016–2021 HFN Forest Stewardship Plan. Forest Operations of HFN Forestry
Limited Partnership. Applies to HFN Community Forest Agreement (CFA K3N),
Woodland Licence (FNWL N1A, and Bamfield Huu-ay-aht Community Forest
(BHCF) Licence (K1E)

Western Forest
Products

2012 TFL Forest Stewardship Plan 2012–2017

2010 TFL 44 Management Plan 5

5. Values

5.1. Cultural Values
The Sarita and Pachena watersheds and surrounding areas are considered to have a high
cultural value to HFN because of historical use which includes gathering sites, hunting and
fishing areas, camps, meeting sites, and archaeological, and sacred sites. For HFN, the renewal
of the Sarita and Pachena watersheds is essential to maintain valuable ecosystem services such
as sustainable forestry, a healthy salmon fishery, and cultural identity.

5.2. Fish
Historically, the Sarita watershed supported Coho (Oncorhynchus kisutch), Pink (O. gorbuscha),
Chum (O. keta), Sockeye (O. nerka), Chinook salmon (O. tshawytscha), and Steelhead
(O. mykiss). The most abundant species in recent years have been Chum Salmon, with smaller
numbers of Coho, and variable but increasing numbers of Chinook (Barry 2010). Pink and
Sockeye salmon occur in low numbers (Table 9). The most abundant trout species in the Sarita
River watershed are Cutthroat (O. clarkii clarki) and Steelhead, although the watershed also
supports Dolly Varden (Salvelinus malma) and Rainbow Trout (O. mykiss). Other fishes that are
known to occur in the watershed include Prickly Sculpin (Cottus asper), Lamprey (spp.), and
Three-spine Sticklebacks (Gasterosteus aculeatus) (Barry 2010).

Chum and Coho salmon occur in the smaller tributaries of the lower Sarita River, while Chinook
Salmon are restricted to the Sarita River mainstem and lower reaches of the South Sarita River
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(Barry 2010). Chinook enter the Sarita in late August and start spawning in early to
mid-September. Peak spawning occurs between late September to early October and spawning
finishes by the end of October. Chum Salmon tend to spawn in the system later in the fall.

Table 9 Average annual salmon returns to the Sarita watershed: 2003 to 2012 (DFO 2014).

Species Average
Escapement

Minimum
Estimate

Maximum
Estimate

Sockeye 75 0 470
Coho 746 19 1,863
Pink 7 0 19
Chum 14,355 2,538 35,000
Chinook 2,012 820 3,999

High value and limiting fish habitats in the Sarita watershed identified from interviews with
stakeholder and resource experts were compiled by Barry (2010) (Table 10). Overall, there is a
lack of suitable spawning habitat for most species of salmon in the Sarita River, a lack of rearing
habitat in the river and estuary, a lack of deep pools for holding adult Chinook Salmon, and a
lack of off-channel habitat for Chum Salmon. The South Sarita River lacks suitable spawning
habitat for Chinook and Chum salmon and access to off-channel habitat in the lower portion of
the river.

Table 10 High value and limiting habitat conditions in the Sarita watershed by species compiled by Barry (2010)
from interviews with stakeholders and resources experts.

Species Highest Value Habitats Most Limiting Habitats

Chinook  Sarita River has abundant gravel as potential
spawning substrate but stability is a problem and
it is compacted in many areas

 Lower Sarita River has some good habitat (pools
and spawning)

 Several deep pools in Sarita River for adult holding
(“Deep Hole”, “Cable Car”, “Corner Pool”,
Blenheim Bridge, base of Sarita Falls)

 Deep pools for adult holding in Sarita River are
lacking

 Lack of summer rearing habitat for juveniles in
both the estuary and in the Sarita river

 Lack of stable spawning habitat in Sarita River
 Lack of stable spawning habitat in South Sarita

River

Chum  Lower Sarita River has some good habitat (pools
and spawning) Marshy off-channel juvenile
rearing habitat off Frederick Creek

 Spawning habitat in the lower section of Hunter
creek

 Frederick Creek has high quality spawning and
rearing habitat

 Lack of stable spawning habitat in South Sarita
and Sarita River

 Lack of rearing habitat in the estuary
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Species Highest Value Habitats Most Limiting Habitats

Coho  Side channel rearing areas off Sarita and South
Sarita

 Most of Frederick Creek provides high quality
habitat for rearing & spawning off-channel beaver
pond/swamp overwintering habitat on Sarita
River near of confluence with South Sarita Marshy
off-channel habitat at Frederick Creek for rearing

 Sabrina Creek has several areas of good rearing
habitat

 Lack of juvenile overwintering habitat
 Lack of off-channel rearing areas during

summer low flow conditions
 Lack of access to off-channel refuge areas,

especially in lower South Sarita River

Pink  Lower Sarita River has suitable habitats in tidally
influenced reaches for spawning

 Little information available
 Lack of spawning habitat

Sockeye  None identified (no information available)  Little information available
 Lack of stable spawning habitat

5.3. Fishing
Fishing is both culturally and economically important to the HFN. Harvesting of fish and aquatic
plants for domestic purposes occurs throughout the Huu-ay-aht territory (Figure 6). Marine
resources harvested include, but are not limited to, intertidal bivalves, herring, urchin, salmon,
halibut, sablefish, rockfish, and other species of groundfish. The Maa-nulth Treaty establishes
allocations for some species but not all. Sockeye and Chinook salmon are favoured salmon
species harvested.
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Figure 6 Maa-nulth Domestic Fishing Area and Huu-ay-aht territory (HFN = red hatch).

5.4. Wildlife and Species at Risk
High profile wildlife that occur in the Sarita watershed include Black-tailed Deer (Odocoileus
hemionus columbianus), Roosevelt Elk (Cervus elaphus roosevelti), Black Bear (Ursus
americanus), Mountain Lion (Puma concolor), Grey Wolf (Canis lupus), Ruffed Grouse (Bonasa
umbellus), Blue Grouse (Dendragapus obscurus), Osprey (Pandion haliaetus), Bald Eagle
(Haliaeetus leucocephalus), Pileated Woodpecker (Hylatomus pileatus), and Northern Pygmy
Owl (Glaucidium gnoma) (Bocking et al. 1997).

Threatened and endangered species occur in the Sarita and Pachena watersheds including
Great Blue Heron (Ardea herodias fannini), Marbled Murrelet (Brachyramphus marmoratus),
Queen Charlotte Goshawk (Accipiter gentilis laingi), Western Screech Owl, Northern
Red-Legged Frog (Rana aurora), Western Toad (Anaxyrus boreas), and two species of jumping
slugs (dromedary and warty; Hemphillia dromedaries and H. glandulosa). A list of known
species at risk from the BC Conservation Data Centre with occurrences within or near the study
area is provided in Appendix B (Section 11.2). A list of all potential species is available from the
BC Species and Ecosystem Explorer.
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Three wildlife habitat areas (WHA) for Marbled Murrelet (totaling 661 ha) and 148 ha of
ungulate winter range have been delineated in the Sarita and Pachena watersheds (Table 11;
Figure 8). The WHAs have been incorporated into the 1,583 ha of OGMAs and an additional
1,305 ha of sensitive ecosystems1 (SE) have been delineated in the two watersheds.

Table 11 Old growth management areas, ungulate winter range, and sensitive ecosystems in hectares (ha).
Designation Sarita (ha) Pachena (ha) Total (ha)

Ungulate Winter Range 148 0 148

Sensitive Ecosystems 1,190 393 1,583

Old Growth Management Areas 981 324 1,305

5.5. Hunting and Trapping
Roosevelt Elk, Black Bears, Mountain Lion, and Black-tailed Deer are hunted in the watershed
and surrounding area. One guide outfitter has tenure Wildlife Management Unit 1‐3 in the
Sarita watershed. In recent years, the HFN have been allocated one Roosevelt Elk for registered
HFN citizens to harvest in the adjacent Klanawa Watershed. Three trap line licenses have tenure
in the Pachena and Sarita watersheds.

1 SEs are ecosystems that are ecologically sensitive and or rare in the landscape. SEs also have significant biodiversity values and often provide
habitat required by threatened and endangered plant and animal species.
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Figure 7 Draft Old Growth Management Area, Sensitive Ecosystems, and Ungulate Winter Range in the Sarita
and Pachena watersheds.

5.6. Forestry
For decades, much of the Sarita and Pachena watersheds have been managed almost
exclusively and intensively for timber values. Land use activities in the watershed have been
primarily related to forestry including supporting infrastructure such as roads, bridges, and
culverts. Logging began in the watershed in the 1920s and air photos taken in 1995 show heavy
logging along the valley floor and lower slopes of the Sarita and Upper Sarita River (Bocking et
al. 1997).

Presently, the timber harvesting land base in the Sarita watershed is ~18,957 ha. Three forest
licenses operate within the Sarita watershed: HFN Community Forest Agreement (CFA K3N), the
HFN Woodland License (FNWL N1A), and Western Forest Products (TFL44) (Figure 5; Table 8). A
portion of FNWL N1A woodland and a small portion (91 ha) of the Bamfield Huu-ay-aht
Community Forest (BHCF) Licence (K1E) occur in the Pachena watershed. In addition, Island



22

Timberlands holds private land in the Sarita watershed which is managed for timber
production.

The HFN Woodland License (5,441 ha) applies to a large contiguous unit and several smaller
units that occur almost exclusively within the Sarita Landscape Unit (~6.1 ha occurs in the
Klanawa Landscape Unit). The license extends from just east of Poett Nook to Branch 279 off
the Central North Main. It extends south to Somerset 171 and Klanawa 380, then west to
Bamfield 2660 near the Pachena River. The total area is 9,655 ha and is bordered by crownland
(TFL 44) and Huu-ay-aht Treaty Settlement Lands.

Tree Farm License (TFL) 44 is currently held by Western Forest Products (WFP), which it has
held since 2006. It was originally awarded to MacMillan & Bloedel in 1955 under Forest
Management License (FML) 21 and then operated by Weyerhaeuser from 1995 to 2005 and by
Cascadia Forest Products from 2005 to 2006. In 2010, changes to the TFL boundary were made
to accommodate the settlement of lands under the Maa-nulth Treaty. A portion of the land was
also removed from the TFL 44 and is now managed by HFN (FDU1). Management objectives for
the HFN Licenses and WFP TFL 44 are provided in the Forest Stewardship Plan documents
(Western Forest Products 2012a, 2012b; Meridian Forest Services 2016a, 2016b). The
management objectives are largely guided by the Vancouver Island Land Use and Higher Level
Plans.

Forestry also occurs on private land including the HFN Treaty lands and properties owned by
Island Timberland. The Huu-ay-aht First Nations seek to acquire the Island Timberland parcels
as they occur within the Huu-ay-aht Ha-houlthee. Forestry on these lands is not constrained by
FRPA and the VIHLP; however, forestry on private lands is required to comply with the Private
Managed Forest Land Act.

5.7. Recreation
Barkley Sound has extremely high recreational value. Visitors and locals enjoy kayaking and
hiking among the maze of islands, bays and inlets. The clear, nutrient-rich waters of Barkley
Sound provide a diversity of marine life provide excellent fishing and scuba diving, and many
visitors come to sport fish and whale watch.

The nearby West Coast Trail stretches 75 km from Bamfield to Port Renfrew and offers
world-class wilderness hiking. A Ministry of Forests and Range recreation site is located near
Sarita Lake. The lake itself is known for excellent fishing in summer.
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5.8. Mining
The Sarita Landscape Unit has low to moderately high metallic mineral potential and
moderately high industrial mineral potential (BC Government 2000c). There are a handful of
mineral claims are present in the watershed. Three titles are located between Fredrick Creek
and South Sarita and one located in the Upper Sarita.

5.9. Non-timber Forest Products
Non-timber forest resources (NTFRs) are any product or service other than timber that is
produced in forests. They include berries, vegetables, mushrooms, medicinal plants, resins, and
a range of barks and other plant fibres. Non-timber forest resources in the Sarita and Pachena
watersheds are important to HFN. Significant spiritual and cultural values are associated with
the collecting and processing of plants and other NTFRs.

Rights to access and manage NTFRs, including possible charging of fees, are provided under the
Forest Act through Community Forest Agreements (CFAs) and First Nations Woodland Licences
(FNWLs) (Hamilton 2012). Forestry tenures and private land holdings may carry restrictions on
access to NTFRs by the public and First Nations while at the same time road building can
increase access to NTFRs. However, the overall lack of regulation of NTFRs can also lead to
impacts to NTFRs (e.g., overharvesting). Forest Stewardship Plans often identify NTFRs but,
long-term management objectives are not required beyond the FSP management strategies
and outcomes.

5.10. Hydroelectric Power Generation
Currently, the HFN are exploring the feasibility of a run of the river hydroelectric power
generation near Sarita Falls. Power generation is not anticipated to affect fisheries values either
downstream or upstream of the turbine. Based on input provided by regulatory agencies and
an independent review HFN has determined that the Sarita River Hydropower project should be
a run-of-river project configuration in order to minimize the environmental impact (Barkley
Project Group 2014).

6. Watershed Impacts from Forestry

6.1. Impacts on Fish and Fish Habitat
Impacts to fish and fish habitat in the Sarita watershed from forestry have well been described
(Bocking et al. 1997; Horel 1997; Keystone 2006; Horel 2008; Barry 2010). Poor timber
harvesting practices in the 1950s and 1960s removed old growth and mature forest along water
courses greatly altering the riparian habitat (Figure 8). The loss of mature conifers in the
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riparian zone has contributed to channel/bank instability, channel widening, the infilling of
pools, reduced surface flow, and the loss of large woody debris (LWD) alluvial stream (Bocking
1997; Horel 1997; Ochman 1998). The root networks of mature trees stabilized stream banks by
reducing erosion and preventing channel widening while LWD provides cover, shelter, and
feeding opportunities for fish and other aquatic organisms and is important for maintaining the
channel morphology.

In place of mature conifers, alder has become established along most water courses in the
Pachena and Sarita watersheds. While alder establishes rapidly and provides some ecosystem
benefits (e.g., nitrification, leaf litter, wildlife habitat), it is inadequate in supplying large woody
debris, offers limited protection against channel bank erosion, and does not provide stream
cover or shading (Slaney and Martin 1997). Moreover, alder outcompetes conifers for light
delaying their reestablishment.

Efforts to install LWD in the Sarita watershed has had limited success. Extreme stream flows
during fall winter storms and low stream channel stability have either buried these structures in
gravel or have dislodged many of them from the stream bed (Barry 2010). The restoration of
conifer dominated riparian habitat is one of the highest priorities identified in restoring the
Sarita watershed (Bocking et al. 1997; Horel 1997, 2008; Barry 2010). Priority areas for riparian
restoration in the Sarita and Pachena watersheds have been identified by Ochman (1998),
Bocking (1997), and Horel (1997) and more recently by Horel (2008) and Barry (2010); however,
this information requires ground verification.

In the Sarita and Pachena watersheds, poor timber harvesting and road building practices on
steep or erosion prone slopes has also been detrimental to fish and fish habitat. Horel (2008)
documented 407 landslides originating from pre-1995 roads (42%) and cutblocks (58%)
(Table 12). The proportion of road initiating landslides between 1995 and 2007 was 16.6% of all
slides during this period (32) whereas cutblock initiating landslide was to 84.4%. Analysis of
landslide data following timber harvesting in the Alberni East portion of TFL 44, which includes
the Pachena and Sarita watershed, showed that 57% of landslides (n = 174) occurred within
5 years of harvesting and 74% occurred by within 10 years (Horel 2009). This data indicates that
post-Forest Practices Code (FPC) timber harvesting remains a significant source stream
sediments. Horel (2009) recommended a maximum cut of 2,038 ha on steep terrain harvested
over a 10-year period to reduce frequency of landslide. Even at this rate, Horel (2009) assumed
a “landslide budget” of 94 landslides in a 10-year period. Evidence of ongoing erosion and
landslides were observed in 2016 (Figure 9).
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Figure 8 Recent example of stream bank erosion (upper image) and sediment deposition and transport (lower
image) in the Lower South Sarita. The lower image also shows the lack conifers in the adjacent
riparian zone and a LWD in the stream channel. Images taken July 17, 2016.
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Table 12.The number of landslide before and after 1995 by source.
Prior to 1995
Source Sarita Pachena Total

Roads 146 20 166
Cutblocks 204 37 241
Total 350 57 407

1995 to 2007
Source Sarita Pachena Total

Roads 5 0 5
Cutblocks 27 0 27
Total 32 0 32

Landslides and erosion caused by poorly built roads and poorly designed cutblocks results in the
deposition of sediment into streams. Ongoing deposition and the transport of course sediments
(e.g., gravels and small boulders) alters the composition of the stream bed and degrades
habitat for fish and other aquatic organisms. The infilling of deep pools, channelization, and the
loss of spawning and rearing habitat has reduced the carrying capacity of Chinook, Coho, and
Chum salmon in the Pachena and Sarita watersheds (Bocking 1997; Ochman 1998; Barry 2010).
During summer low water periods, excessive gravel in the Lower and South Sarita results in
subsurface flows and the isolation of channels from the stream (Ochman 1998). The
downstream transport of sediment has also led to the degradation of estuary habitat (Barry
2010).

The stabilization and deactivation of roads on unstable slopes is a high priority for reducing
erosion, landslides, and sediment deposition into water courses (Horel 1997, 2008; Barry 2010).
Horel (2006) identified candidate roads for deactivation, based on hillslope stability ratings and
sediment delivery potential to fish.



27

Figure 9 Washout of an old wooden culvert (upper image). A landslide in the South Sarita watershed due to
slope failure (lower image). Image taken July 17, 2016.
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6.2. Impacts to Wildlife and Species at Risk

Wildlife6.2.1.
The impacts of timber harvesting and other resource development on wildlife vary by species
and can be difficult to characterize. Following the harvesting of coastal forests, deer and elk
populations increase in abundance in response to increased forage availability (Starkey et al.
1982; Kie et al. 2003; Gillingham 2004; Wilson 2015). However, after 10 to 20 years forage
availability declines as the new forest regenerates and poor forage condition can persist for
decades (Jenkins and Starkey 1993). A mosaic of stand ages across the landscape benefits many
species of wildlife including ungulates and generally increases biodiversity (Spies and Turner
1999). Opportunities to enhancement ungulate habitat likely exist for both deer and elk;
however, further investigation is required to determine where on the landscape this would be
beneficial.

Wilson (2015) classified the Roosevelt elk habitat suitability of the Sarita and Pachena
watersheds as “high”. Augmenting the population through translocation was identified as key
management action for the province of BC. The elk population in these watersheds was
estimated at 10 in 2015. The carrying capacity (K) in the Sarita and Pachena watersheds was
estimated to be 167 elk with a target population (60% of K) estimated to be 97 elk. Augmenting
the elk population through translocation should be explored further; however, high road
densities in these watersheds may be a limiting factor.

Impacts from forestry and other resource development to other wildlife species (e.g., bears,
wolves, beaver, and waterfowl) are less clear. Further investigation is required to determine the
condition of wildlife habitat for other important species.

Species at Risk6.2.2.
Marbled Murrelet and Queen Charlotte Goshawk are two key species at risk that occur in the
Pachena and Sarita watersheds. A main threat to these species is the loss of old growth and lack
of recruitment of suitable nesting habitat (NGART 2008; Environment Canada 2014). For Queen
Charlotte Goshawks, the loss of suitable foraging habitat is also a factor (COSEWIC 2000; NGART
2008). Three WHAs totaling 661 ha have been identified for Marbled Murrelet and Murrelet
and Goshawk habitat suitability was used in the selection of OGMAs (Keystone 2006). An
assessment of Marbled Murrelet nesting habitat indicates that there is approximately 3,000
hectares of moderate to high value Marbled Murrelet habitat in the Sarita Landscape Unit
(McDonald 2009). Verifying the habitat use and suitability of the existing WHAs and establishing
additional WHAs for Marbled Murrelet and Queen Charlotte Goshawk are high conservation
priorities as is identifying important habitat other species at risk.
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Road Impacts on Wildlife and Species at Risk6.2.3.
Forestry roads can have many negative impacts to wildlife and species at risk beyond increasing
the potential for erosion and landslides (Gucinski et al. 2000; Diagle 2010; Robinson et al.
2010). Terrestrial impacts from forestry roads include habitat and population fragmentation,
edge effects, habitat degradation, the introduction and dispersal of exotic species (i.e., weeds),
disturbance and displacement from traffic, and increased mortality from predation, road kill,
and hunting. The construction of road creates linear movement corridors and “hard habitat
edges” that result increased predation. For example, Burger et al. (2004) and Piatt et al. (2006)
identified the use of road corridors by corvids as a risk to Marbled Murrelet through increased
nest predation. Bears mortality can decline following the removal of roads (Switalski and
Nelson 2011). Cole (1997) reported that limiting vehicular access reduces disturbance resulting
in reduced animal movements and increased survival (due to reduced poaching) in Roosevelt
Elk.

Currently there are 634 km of roads in the Sarita watershed and 142 km in the Pachena
watershed. Road densities in the watershed are 3.1 and 3.3 km/km2, respectively. Forman et al.
(1997) suggested a maximum road density of 0.6 km/km2 for sustaining large mammal
populations. Maximum road densities above which wildlife cannot tolerate further road
disturbance ranges from 0.25 to 1.9 km/km2 depending species and study area (Beazley et al.
2004). Managing access and deactivating nonessential roads should be a management and
conservation priority for reducing disturbance to wildlife and species at risk particularly where
roads occur near high value wildlife habitat.

6.3. Impacts to Non-timber Forest Resources
Non-timber forest resources and their use by humans can be affected by forestry activities in a
number of ways. Timber clearing can have ecological consequences that directly affect NTFRs
such as mushrooms, medicinal plants, and berries. The level of impact differs depending on the
habitat where the desired species grows. Areas of particular concern include riparian zones and
wetlands. To our knowledge, there has been no assessment of the effects of timber harvesting
on NTFRs or the harvesting of NTFRs in the Sarita or Pachena watersheds.
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Part 2: Renewal Framework

7. Vision, Goals, and Principles

7.1. Vision
The overarching vision of the renewal framework is the restoration2 of the Sarita and Pachena
watersheds to support fish and wildlife populations and cultural values for present and future
generations. At the outset, it is recognized that restoration of some ecosystems and
populations may take decades. It is also recognized that renewal framework must allow the
HFN to benefit culturally and economically from the resources in these watersheds.

7.2. Goals
The goal of the Renewal Framework is to set the stage for a Renewal Plan to (1) maintain or
enhance fish and wildlife habitat and populations in the near-term (within the next 10 years),
(2) recover ecosystem processes over the long-term (greater than 10 years), and (3) provide for
strategies and actions to renew the watersheds in a manner that is in keeping with HFN’s vision
for the watersheds, including ongoing economic development. Sustaining this long-term vision
will require commitment, leadership, and governance.

This Renewal Framework and subsequent Renewal Plan will be guided by current and future
iterations of the resource management goals and objectives of the HFN Land Use Plan (HFNR
2013) and HFN Strategic Plan (2016). The objectives for managing natural resources in the
outlined in the strategic plan HFN Land Use Plan (HFNR 2013) include:

 Develop a sustainable economic foundation based on the use and extraction of natural
resources that involves both primary extraction and secondary and value added activities
for the benefit of all Huu-ay-aht.

 Manage the forests and the fisheries to meet present needs without comprising the
needs of future generations in accordance with Huu-ay-aht standards.

 Encourage the development of new employment opportunities in the Resource
Management areas as a means for bringing Huu-ay-aht citizens home.

2 For clarification, we apply a broad definition to the term “restoration”. Restoration includes ecosystem
restoration, rehabilitation, remediation, enhancement, improvement, mitigation, reclamation, or any other term
that has been used to describe activities meant to restore ecological processes or improve habitats or ecosystems
(Hobbs and Norton 1996; Roni et al. 2012).
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 Manage forests based on Huu-ay-aht values “Hish-uk-tsawak” – Everything is one.
 Maintain and enhance Huu-ay-aht capacity and participation in management decisions

with respect to the lands, waters and natural resources on Huu-ay-aht Treaty Lands.
 Encourage and foster the development of energy production projects on Huu-ay-aht Treaty

Lands that are sustainable and environmentally sound, particularly micro-hydro, wind
power and other forms of alternative energy production.

 Conserve biological diversity, soil, water, fish, wildlife, scenic diversity and other
resources within the Ha-houlthee.

7.3. Principles
Renewal of the Sarita and Pachena watersheds require an ecosystem-based approach that
recognizes the interconnections between community, land, water, and biota. In keeping with
this, we have endeavored to incorporate the three sacred principles of HFN together with
ecological principles.

Huu-ay-aht Principles7.3.1.
Renewal of the Sarita and Pachena watersheds requires an ecosystem-based approach that
recognizes the interconnections between community, land, water, and biota. Paramount to this
is adherence to the three sacred principles of HFN together with ecological principles.

The three sacred Huu-ay-aht principles are:

ʔiisaak

Greater Respect: Personal and collective respect for the community and its people, traditional
knowledge, the natural world, the metaphysical world and other peoples and communities.

ʔuuʔałuk

Taking Care Of: In this context this is about taking care of present and future generations as well
as taking care of the resources provided by the land and the natural world.

Hišuk ma c̕awak

Everything is One: A notion of the interconnected, interdependent and reciprocal relationship
between the people, the land and the wider world(s) in a physical, spiritual and social sense.
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Ecological Principles7.3.2.
Ecological principles have been incorporated into the renewal framework. These principles
include:

1) an understanding that the maintenance and recovery of many habitats is dependent on
watershed processes;

2) the recognition that renewal actions should conserve and restore watershed processes
and species and not focus on recreating historical ecosystems;

3) the recognition that renewal actions should seek to maximize multi-species/ecosystem
objectives, where possible over single species management.

An understanding of ecosystem and watershed processes is fundamental to restoring the
watersheds. Processes such as hydrology, water quality erosion, sediment transport, stream
morphology, and forest succession, and riparian function have been altered by intensive forest
harvesting and an excess network of forestry roads. For watershed renewal to be successful, it
is critical that the root causes of habitat degradation be identified and addressed (Roni and
Beechie 2012).

8. Framework

8.1. Overview
Figure 10 provides an overview of the Renewal Framework showing the elements and their
interactions. The framework focuses around planning, preparing, and implementing a Renewal
Plan. The framework also identifies potential information gaps, the connection to policy and
regulations, avenues for HFN input, and the steps envisioned in implementing restoration
actions. The Renewal Framework is intended to be generic in that it can be expanded to other
watersheds in the Ha-houlthee (e.g., Sugsaw) as required.

A key aspect of the Renewal Plan will be to prioritize restoration actions based on the
Huu-ay-aht and ecological principles, from the available information, and in coordination with
existing resource management plans, regulations, and policy. It is envisioned that the Renewal
Plan will be developed and updated annually by a steering committee and technical working
group that will include HFN resource managers, aquatic and terrestrial restoration ecologists,
foresters, other professionals as required, along with HFN community representation. The
Renewal Plan should incorporate a two-pronged strategy that prioritizes both long-term
objectives (10 years or greater) intended to restore ecosystem processes, and short-term
objectives required for the management and conservation of high value species or the
protection and enhancement important fish and wildlife habitat.
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Figure 10 Sarita/Pachena Renewal Framework: The diagram shows the relationship between the planning,
ecological and HFN principles, existing management plans and policy, habitat assessments, and the
implementation of restoration/enhancement plans.
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The Renewal Plan should also seek to provide opportunities for HFN community engagement
including increasing cultural and environment awareness, capacity building, and identify
potential economic opportunities.

Implementing renewal actions will entail the preparation of plans and prescriptions, project
implementation, effectiveness monitoring, and reporting. Renewal actions may encompass a
range of opportunities including restoration or enhancement projects, habitat protection,
further studies to address additional information gaps identified by the working group, and
community engagement. Effectiveness monitoring and reporting is critical to the Renewal
Framework as it will allow the technical working group to assess the effectiveness and progress
of renewal actions and make adjusts to the Renewal Plan through adaptive management.

8.2. Assessments and Inventories
Several assessments and inventories are required to address key information gaps relating to
the condition of the Sarita and Pachena watersheds, the condition of fish and wildlife habitats,
and the status of fish, wildlife, and species at risk in the watersheds (Table 13). The purpose of
these assessments and inventories will be to specify where and what kinds of renewal actions,
processes, fish habitat and productivity, estuary productivity, wildlife habitat and populations,
and species at risk. Information from these assessments and inventories will take at least one to
two years to acquire and they should thus be considered a high priority so the information can
be incorporated earlier into the planning process. In each assessment, opportunities for HFN
community engagement should be identified including associated economic opportunities and
cultural benefits.

8.3. Renewal Planning
A key aspect of the Renewal Plan is to prioritize restoration actions based on the Huu-ay-aht
and ecological principles, the available information, and in coordination with existing resource
management plans, regulations, and policy. It is recommended that the renewal plan be
developed and updated annually by a steering committee (SC) and technical working group
(TWG) that will include HFN resource managers, aquatic and terrestrial restoration ecologists,
and other stakeholders as deemed necessary by the HFN. The role of the SC will be to provide
the overall direction and oversight of renewal plans and planning process. The role of the TWG
is to aid in the development of the renewal plan, carry out the operational planning, and
oversee the implementation renewal actions. This structure of governance has proven effective
in guiding and implementing restoration programs in British Columbia and elsewhere (e.g., Neal
and Anderson 2009). An important consideration for renewal planning is to establish the
decision-making processes and clarify the roles and responsibilities of the SC and TWG
members. Examples of the roles and responsibilities of the renewal SC and TWG are provided in
Figure 11. It is anticipated that the HFN Executive Council and the Ḥaw̓iih will provide guidance
to the SC.
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Table 13 Key information gaps and suggested assessments, inventories, and monitoring.
Realm Information Gap Required Assessments and Inventories

Ecosystem
Processes

The last watershed assessment of the Sarita was completed in
1996 and much of the information is out of date. To assess the
feasibility of restoring fish habitat in the Sarita and Pachena
watersheds, detailed information of watershed conditions are
required including slope and road stability, sediment loading,
hydrology, and riparian condition.

Updated the previous Watershed Assessment with detailed assessments of:
 Sediment Loading
 Forest retention modelling required for hydrological recovery and to

attenuate streamflow.
 Riparian habitat function along stream corridors
 Unstable Road Assessment – identify priority roads for deactivation
 Unstable Slopes – identify priority slopes for stabilizing

Fish

Opportunities for instream and off-channel restoration need to
be identified, evaluated, and prioritized.

Stream Habitat Assessment to assess instream habitat and stream channel
conditions in the Sarita and Pachena watersheds. Include an assessment of previous
salmonid habitat enhancement and restoration projects (Appendix 11.4, Table 18).
This information may be helpful in designing future aquatic habitat projects.

The carrying capacity for trout species in the watershed is
unknown.

Trout Assessment: Assess the carrying capacity for trout throughout the watershed.
Identify opportunities for habitat and population enhancement.

The feasibility of restoring the estuary needs to be evaluated. Estuary Assessment: Assess the estuary and identify options for restoration.
There is considerable interest in establishing a hatchery on the
Sarita River to augment Chinook, Chum, and Coho salmon
populations; however, the feasibility of a hatchery is currently
unknown and needs assessment.

Hatchery Feasibility Assessment: Assess the feasibility of a creating a fish hatchery
in the Sarita watershed.

Wildlife

The effectiveness of current habitat protection measures for
ungulates, species at risk, and biodiversity is not known.

Habitat Protection Assessment: An assess the function and condition of ungulate
winter range areas and draft old growth management areas to determine if they are
meeting their management objectives.

The condition and extent of habitat for key wildlife species
(e.g., ungulate, bears, and waterfowl) has not been assessed.

Wildlife Habitat Assessment: Inventory and assess the function/condition of habitat
for key wildlife species. Identify opportunities for restoration.

The condition and extent of wetlands and riparian habitat for
wildlife and species at risk in the watershed is not known.

Wetland and Riparian Inventory and Assessment: Inventory and assess the
function/condition of wetlands and riparian habitat for wildlife and biodiversity.
Assess for Amphibian and Bird Habitat. Identify opportunities for restoration.

The feasibility of transplanting Roosevelt Elk needs to be
evaluated.

Elk Transplant Feasibility Assessment: Confirm carrying capacity of Roosevelt Elk in
the watershed and assess feasibility of transplanting Elk into the Sarita.
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Figure 11 Examples of roles and responsibility of the steering committee and technical working group (adapted
from Neal and Anderson 2009).

Annual Renewal Plans would be developed jointly between the SC and TWG, prioritizing
renewal actions for implementation. The TWG should prepare the initial draft of the Renewal
Plan based on the direction the SC, HFN, technical experts, stakeholders, and partners (e.g.,
DFO, MFLRO). The SC would then review, finalize, and approve the annual Renewal Plans for
implementation.

Prioritizing renewal actions will be required to make the best use of resources and should be
overseen by the SC and TWG. Decision trees can aid in this process and an example is provided
in Figure 12. Ideally restoring watershed processes should rank high in the list of priorities;
however, some actions may take decades for the benefits to be realized and immediate
benefits may be realized by enhancing, creating or protecting specific habitats, habitat features,
or augmenting populations. Top priority should be given to actions that enhance or protect
existing high value habitat if those actions are not at risk from altered watershed processes
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(e.g., high peak flow; landslides). Over time, priorities should transition from actions that focus
on habitat and population enhancement to those that address watershed processes.

Coordinating with the existing resource management plans and regulatory policies will be
essential to the design, implementation, and success of renewal actions. To a large extent, this
can be accomplished by ensuring that the SC and TWG include the necessary persons including
resource management staff knowledgeable of these policies, plans, and regulations.

8.4. Establishing Short and Long-term Goals
The Renewal Framework identifies a two-pronged strategy that distinguishes between short
and long-term renewal goals (Figure 10). While the Renewal Plan should focus on the
restoration of ecosystem and watershed process to the extent possible, short-term actions will
be required to maintain, protect, or create high value habitat or manage or conserve high value
species. Short-term actions are typically aimed at habitat enhancement, population
augmentation, and habitat protection measures that should yield an immediate response to the
target values.

Table 14 provides a preliminary list of actions to restore ecosystem and watershed processes
that focuses on reducing erosion and sedimentation, hydrological recovery, and the restoration
of riparian habitat. Table 15 and Table 16 provide a preliminary list of actions to augment fish
and wildlife populations and to enhance or protect fish and wildlife habitat. The various actions
listed in the tables arise from (1) a review of the background reports describing status and
conditions of the watershed (Horel 1997; Bocking 1997; Graham 1997; Ochman 1998; Horel
2008; Barry 2010), (2) fisheries and GIS data, and (3) a site visit in July 2016. These actions
should be considered as preliminary and most will require information obtained from the
assessments outlined in Table 13. In addition, it is anticipated that HFN and stakeholders may
be aware of other renewal opportunities not listed in the tables. Communication with the
natural resource managers and staff, and stakeholders should be pursued to identify additional
opportunities.
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Figure 12 Decision tree for prioritizing restoration watershed restoration projects (from Beechie et al. 2008).
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Table 14 Options to restore ecosystem and watershed processes.

Renewal Goals Description / Objective Location Target Values Timing Duration

Reduce
Sedimentation and
Erosion

Hillslope stabilization. Stabilize unstable slopes to
reduce sedimentation and risk of landslides TBD

Ecosystem Processes
Fish
Stream Habitat
Riparian Habitat
Upslope Habitat
Biodiversity
Species at Risk

Year 3 TBD

Reforestation. Reforest Roads and un-forested areas
prone to erosion as a short-term priority TBD Year 3 TBD

Road deactivation. Deactivate unnecessary roads,
particularly those on unstable slopes TBD Year 3 TBD

Road stabilization. Stabilize operational roads on
unstable slopes and at stream crossing TBD Year 3 TBD

Hydrological Recovery Reduce unnatural peak flows by revising forestry
objectives to allow for hydrological recovery TBD TBD TBD

Riparian Restoration

Protect riparian habitat by setting riparian
protection objectives for watershed Entire watershed

Fish
Wildlife
Ecosystem Processes
Stream

Year 1 and 2 2 Years

Restore riparian habitat through thinning of alder
and Establish riparian objectives and plant, thin
accordingly
Target 50% conifer growth along S4, S5, and S6
stream channels and estuary

S4,S5, and S6 stream
channels and floodplain Year 3 5 Years

TBD = To be decided following further assessment.
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Table 15 Options to enhance fish habitat and populations.

Goals Description / Objectives Location Target Values Timing Duration

Gravel Management

Gravel removal: Extract gravel from aggraded areas
in the lower South Sarita River Lower South Sarita

Fish
Channel Morphology

Year 3
TBD
Annually

Manage gravel in spawning habitat to improve
salmonid fry survival in key areas Sarita River below falls

Chinook
Chum

Year 3
5 years
Annually

Stabilize gravel bars using alder whips
Salmon-bearing waters All Salmon Year 3

2 years
Annually

Erosion Control
Bank stabilization: Stabilize river and streams banks
to reduce input of gravel and protect riparian
habitat

Salmon-bearing waters Fish Year 3
5 years
Annually

Habitat Enhancement

Salmon rearing habitat creation Increase instream
complexity using large boulders Salmon-bearing waters Chinook Year 3

5years
Annually

Pool habitat creation: Deep water for adult holding
and fry

Reaches 2–4 Sarita and
Reaches 20 & 21 South Sarita Chinook Year 3

5 years
Annually

Off-channel development: Identify and construct
groundwater fed channels Salmon-bearing waters

Coho
Steelhead

Year 3
5 years
Annually

Fertilization: Increase stream productivity
(nutrients, algae and invertebrates) Lower Sarita Coho, Steelhead, Trout TBD

TBD
Annually

Hatchery
Augmentation

Construct and operate hatchery to increase
short-term salmon abundance Lower Sarita Chinook, Chum, Coho Year 2

TBD
Annually

Estuary Restoration

Eel grass planting. Create additional eelgrass beds

Sarita Estuary
Salmon
Wildlife

Year 3
TBD
Annually

Gravel management. Increase productive capacity
through gravel stabilization and removal Year 3

TBD
Annually

Reconnect estuary habitat. Remove roads or other
barriers Year 1 3 years

Stabilize flows through side-channel enhancement.
Provide suitable and complex habitat for juveniles Year 2 5 years
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Table 16 Options to enhance wildlife habitat and populations and conserve species at risk.

Goal Description / Objective Location Target Values Timing Duration
(years)

Reduce Wildlife
Disturbance and
Mortality

Develop an access management plan that balances
continued resource activities and preservation of
natural values such as high wildlife or wilderness
value

Entire watershed

Wildlife
Elk
Deer
Bear
Species at Risk
Wilderness

Year 1 and 2 Ongoing

Wildlife Management
Wildlife management and conservation planning:
Identify/assess wildlife conservation and
management concerns

Entire watershed

Wildlife
Elk
Deer
Bear
Species at Risk

Year 1 and 2 2 Years

Habitat Enhancement
and Protection

Old growth protection: Implement Draft OGMAs
following assessment. Identify reserve along streams
and rivers. Assess values within remaining old
growth and secure protection in perpetuity

Entire watershed

Wildlife
Biodiversity
Ecosystem Processes
Fish

Year 1 and 2 2 Years

Wetland and riparian enhancement. Development
management guidelines and restoration plans for
creating and enhancing riparian and wetland habitat
for wildlife and species at risk

Entire watershed

Wildlife
Species at Risk
Amphibians
Rare Plants
Birds

Year 1 and 2 TBD

Wildlife habitat enhancement. Development
management guidelines and restoration plans for
creating and enhancing high value wildlife habitat
(e.g., ungulate winter range, wildlife foraging areas,
nesting habitat)

TDB

Wildlife
Elk
Deer
Bear
Species at Risk

Year 3 10 Years

Increase Elk
Abundance

Translocate Roosevelt Elk into Sarita Landscape Unit
Monitor animals with radio telemetry

TDB Roosevelt Elk TBD TBD
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8.5. Implementation Process
An overview of the process for implementing renewal actions is outlined in Figure 10 and
includes planning, the preparation of plans and prescriptions, project execution, monitoring,
and reporting. Renewal actions may encompass a range of opportunities include operational
projects, habitat protection, further studies, and community engagement. Effectiveness
monitoring and reporting is critical to the renewal framework as it will allow the SC and TWG to
assess the effectiveness and progress of renewal actions and make adjusts to the renewal plan
through adaptive management.

Planning8.5.1.
Planning renewal actions requires clearly defined project goals and objectives. Goals should
specify desired outcomes of project or policy (e.g., increase pool habitat in the lower Sarita
River for Chinook Salmon) while objectives should specify measurable outcomes and identify
the timeframe in which they are to be met (e.g., restore x amount of estuary habitat in x years;
increase elk populations to x numbers in x number of years). During the project, technical
feasibility of the project should be assessed and identifying relevant uncertainties, constraints,
and limitations. For complex projects, assessing the technical feasibility may require detailed
investigation and may require the results of the assessments listed in Table 13 or further
investigation. In assessing a project’s feasibility, alternative options (including not proceeding)
should also be considered and evaluated. A clear rationale for proceeding with a renewal action
should be articulated. Finally, project costs should be determined and the overall cost
effectiveness should be evaluated. Where resource management objectives conflict, a trade-off
analysis may be required. For example, increasing fisheries values in the lower Sarita may
require changes in forest harvesting rates to allow for hydrologic recovery. Here, a trade-off
analysis would help determine the preferred management option.

Restoration Prescription8.5.2.
The preparation of a sound restoration prescription is also critical to the success of a specific
renewal project. Once a renewal action has been selected, the project prescription and design
can begin. Key elements to a sound prescription should include:

1) Clearly defined objectives;
2) A description of current conditions;
3) A description of target conditions and design criteria supported by quantitative targets;
4) A description of the potential methods and alternatives including a description of the

long and short term benefits each option;
5) A rationale for proceeding the proposed methods;
6) Detailed specification and designs;
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7) Potential impacts to other values;
8) Description of acceptable and unacceptable practices; and
9) Monitoring and maintenance requirements.

Monitoring and Reporting8.5.3.
Three types of monitoring to consider when planning and implementing restoration projects
include project implementation monitoring, effectiveness monitoring, and validation
monitoring (Gaboury and Wong 1999; Machmer and Steeger 2002; Figure 13). Project
implementation monitoring assesses how well a restoration prescription was carried out
relative to the project specifications, resources expended, and environmental disturbance.
Implementation monitoring may also include environmental component (environmental
monitoring) when project activities poses a risk to environmental conditions; however,
environmental monitoring is not a substitute for assessing the progress and outcomes of a
project. Implementation monitoring is essential, because few projects proceed exactly as
planned, and changes from the original prescription should be recorded. Photographs of the
project should be included as they provide and important record of the project at the time of
implementation and may be important to future effectiveness monitoring (Machmer and
Steeger 2002).

Effectiveness monitoring generally refers to assessing the primary response (i.e., did the action
lead to the expected habitat change) whereas validation monitoring (below) assesses the
secondary or tertiary response of the organisms or conditions of interest (e.g., did changes in
habitat from the restoration action lead to a positive change in Chinook Salmon spawning).
Effectiveness monitoring assesses (1) whether a project is meeting its primary objectives, (2)
whether there is a need to refine the restoration prescription to increase its effectiveness, and
(3) what modifications can be made to improve the cost-effectiveness of a project (Gaboury
and Wong 1999; Machmer and Steeger 2002). The requirement and intensity of effectiveness
monitoring depends on the restoration objectives and nature of the project.

Routine evaluations are typically low intensity and often qualitative assessments applied to
simple straightforward projects of short duration. Intensive evaluations are applied to more
complex projects of longer duration that answer questions such as: which techniques are
working or not working; what are the limitations of treatments with respect to terrain, climate,
discharge, gradient, etc.; and what techniques work the best under specific conditions (Gaboury
and Wong 1999).

Validation monitoring entails formal research to test hypotheses or assumptions underlying the
development or design of restoration actions. Validation monitoring often involves comparative
testing of restoration treatments with controls and some level of replication to reduce
variation.
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Table 17 provides a list of monitoring programs identified in the renewal framework. Project
monitoring will be required for every project and may entail environmental monitoring, where
necessary. Effectiveness monitoring is specified for renewal actions to enhance fish and wildlife
habitat or for conversation measures for species at risk. Validation monitoring programs
includes long-term monitoring of watershed processes and population monitoring.

Regardless of the level of monitoring required, documenting the outcomes of a restoration
action is important. All too often, restoration projects are poorly documented making it difficult
to track projects over time as well as assess their effectiveness even in a rudimentary way
(Nilsson et al. 2016). Guidelines for preparing effectiveness monitoring reports are available in
Gaboury and Wong (1999) and Machmer and Steeger (2002).

Figure 13 The range of monitoring programs from implementation to validation monitoring (adapted from
Machmer and Steeger 2002).
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Table 17 Recommended monitoring programs

Monitoring
Program

Type of
Monitoring Description / Objective Location Timing Duration

(years)

Project
Implementation
Monitoring

Implementation Assess each project on how well the renewal actions were carried out TBD Annually As required

Stream Flow
Monitoring

Validation

Monitor precipitation and stream flows continuously to assess for changes in peak
flows, annual yield, and hydrologic recovery. Continuous monitoring of stream flows

Sarita River,
South Sarita, and
Sabrina Creek

Year 1
Annually

Ongoing

Watershed
Monitoring As per Gustavson and Brown (2002). Monitoring of key watershed indicators TBD

Year 3
Annually

Ongoing

Erosion Monitoring
Assess and reporting of hillside and slope erosion and mitigation measures.
Annual monitoring and reporting of hillside and slope erosion

TBD
Year 3
Annually

Ongoing

Enhanced Fish
Population
Monitoring

Enhanced fish population monitoring (above and beyond the basic escapement
surveys that DFO funds for the Sarita)

Hatchery
Monitoring

Comprehensive program including monitoring of exploitation rates and survival
rates TBD

Year 3
Annually

Ongoing

Instream
Monitoring

Effectiveness

Assess the effectiveness of instream works as per Gaboury and Wong (1999) TBD
Year 3
Annually

Ongoing

Estuary Monitoring Estuary enhancement would use effectiveness monitoring include fish use of newly
created habitat TBD

Year 3
Annually

Ongoing

Wildlife Monitoring Effectiveness monitoring of wildlife renewal actions including habitat enhancement
or protection, and population augmentation TBD

Year 3
Annually

Ongoing

Species at Risk
Monitoring Effectiveness monitoring of renewal actions for enhancing habitat for species at risk TBD

Year 3
Annually

Ongoing
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8.6. Adaptive Management
Adaptive management (AM) is an iterative, structured way of “learning by doing”, where the
testing of uncertain outcomes to management actions occurs while making progress toward
broader management goals (Walters and Holling 1990). At its essence, AM is a structured
iterative cycle consisting of plan, do, evaluate, and learn. However, for AM to be effective
requires a (1) structured prediction, (2) testing of those predictions with (3) data derived from
purposeful monitoring (Bouwes 2016), and these elements need to be considered at the
planning stage of the project.

To maximize the potential of AM, questions (or hypotheses) regarding how effective the project
will be on achieving its objective should be stated clearly during the project planning or
prescription develop stages so they incorporated into an effectiveness monitoring program
(e.g., Gaboury and Wong 1999; Machmer and Steeger 2002; Bouwes 2016). Ongoing
effectiveness monitoring can then provide an indication of the project success as well as
recommendation for changes or refinements to project objectives, treatment prescriptions,
restoration methods, or monitoring objectives and protocols. Ultimately, the benefit of AM is to
reduce uncertainty, increase the success of projects, and reduce program and project costs.

9. Closure
The renewal of the Sarita and Pachena watersheds and their natural resources will take
generations requiring commitment, leadership, and governance. The framework presented in
this document (1) outlines a process and governance model for developing renewal plans and
implementing restoration actions to address both short and long-term renewal goals and
(2) recommends a suite of renewal actions to restore watershed processes and the conserve or
enhance fish, wildlife, and species at risk. Assessments of ecosystems processes and fish and
wildlife values are proposed to address key information gaps and monitoring programs of
varying levels of monitoring intensity are identified. Initiating the assessments, community
consultation, and establishing a governance structure for the renewal plan are the next steps in
the process.
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11.1. Appendix A. Glossary
Ecosystem Processes: Processes that are fundamental to all ecosystems. They include the
water cycle, mineral cycle, plant and animal success and community dynamics, and energy flow.

Renewal Plan: An annual plan prepared by the SC and TWG for implementing renewal actions.

Renewal Actions: Renewal actions are initiative that are borne out of renewal planning and can
include management decisions, restoration projects, engagement opportunities, or further
studies.

Restoration: Includes ecosystem restoration, rehabilitation, remediation, enhancement,
improvement, mitigation, reclamation, or any other term that has been used to describe
activities meant to restore ecological processes or improve habitats or ecosystems.

Watershed Processes: A subset of ecosystem processed that occur at the watershed scale.
These processes include soil development, hydrology, sedimentation, stream flow and channel
morphology.
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11.2. Appendix B. Species at Risk with Known Occurrences within or near the Sarita Watershed
Source: CDC iMap portal, accessed October 12, 2016.

Group Type Class Scientific Name Common Name Global Prov BC List IW* COSEWIC SARA** Comments

Animal

Invertebrate Gastropod
Hemphillia dromedarius Dromedary Jumping-slug G3G4 S2 Red T (May 2014) 1 Older forests with CWD
Hemphillia glandulosa Warty Jumping-slug G3G4 S2? Red SC (Apr 2013) 1 Variable aged forests with CWD

Vertebrate

Amphibian
Rana aurora Northern Red-legged Frog G4 S3S4 Blue SC (May 2015) 1 Streams, ponds, or marshes, adjacent

moist forest
Anaxyrus borelis Western Toad SC (Nov 2012) Various habitat

Bird

Accipiter gentilis laingi Northern Goshawk

Ardea herodias fannini Great Blue Heron, fannini
subspecies G5T4 S2S3B,

S4N Blue SC (Mar 2008) 1 Various

Brachyramphus marmoratus Marbled Murrelet G3 S3N S3B Old growth forest for nesting
Fratercula cirrhata Tufted Puffin G5 S4N S2S3B

Lagopus leucura saxatilis White-tailed Ptarmigan,
saxatilis subspecies

Megascops kennicottii Western Screech-Owl,
kennicottii subspecies

Melanitta perspicillata Surf Scoter
Phalacrocorax penicillatus Brandt’s Cormorant
Ptychoramphus aleuticus Cassin’s Auklet G4 S4N S3B
Uria aalge Common Murre
Cervus elaphus roosevelti Roosevelt Elk G5T4 S3S4 Blue Various

Mammal Eumetopias jubatus Steller Sea Lion G3 S4N S3B
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Group Type Class Scientific Name Common Name Global Prov BC List IW* COSEWIC SARA** Comments

Plant

Alga Chiharaea bodegensis G3 S1 Red

Fungus Heterodermia sitchensis Seaside centipede G1 S1 Red E (Apr 2006) 1 Sheltered seaside sites

Vascular
Plant

Dicot

Calystegia soldanella Beach bindweed G5 S2 Red Sandy shore line

Castilleja ambigua ssp. ambigua Paintbrush owl-clover G4T3T4 S3 Blue Open grassy brackish sites

Corydalis scouleri Scouler’s corydalis G4 S3S4 Yellow Y NAR (Nov 2006) Moist forests and streambanks

Erythranthe dentata Tooth-leaved monkey-flower G5 S2S3 Blue Moist forests and streambanks

Glehnia littoralis ssp. leiocarpa American glehnia G5T5 S2 Red Sandy shore line

Jaumea carnosa Fleshy jaumea G4G5 S3 Blue Tidal beaches and salt marshes

Lasthenia maritima Hairy goldfields G4 S2 Red Rocky coastal cliffs and islands

Oxalis oregana Redwood sorrel G5 S2S3 Blue Moist forests

Polygonum paronychia Black knotweed G5 S3 Blue Moist to mesic sand dunes and beaches

Monocots

Carex gmelinii Gmelin’s sedge G4G5 S2S3 Blue Saline marshes, exposed bluffs and
meadows

Prosartes smithii Smith’s fairybells G5 S2S3 Blue Moist forests and streambanks

Triglochin concinna Graceful arrow-grass G5 S3 Blue Tidal marshes
* IW = Identified Wildlife
** Schedule
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11.3. Appendix C. Listed Taxa Potentially Occurring within the Sarita Watershed
Source: BC Species and Ecosystems Explorer, accessed October 12, 2016.

Birds and Mammals

Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Birds

Accipiter gentilis laingi Northern Goshawk, laingi subspecies G5T2 S2B T (Apr 2013) Red 1-T (Jun 2003)
Ardea herodias fannini Great Blue Heron, fannini subspecies G5T4 S2S3B, S4N SC (Mar 2008) Blue 1-SC (Feb 2010)
Asio flammeus Short-eared Owl G5 S3B, S2N SC (Mar 2008) Blue 1-SC (Jul 2012)
Botaurus lentiginosus American Bittern G5 S3B Blue
Brachyramphus marmoratus Marbled Murrelet G3 S3B, S3N T (May 2012) Blue 1-T (Jun 2003)
Branta bernicla Brant G5 S3M Blue
Butorides virescens Green Heron G5 S3S4B Blue
Chordeiles minor Common Nighthawk G5 S4B T (Apr 2007) Yellow 1-T (Feb 2010)
Coccothraustes vespertinus Evening Grosbeak G5 S5 SC (Nov 2016) Yellow
Contopus cooperi Olive-sided Flycatcher G4 S3S4B T (Nov 2007) Blue 1-T (Feb 2010)
Cypseloides niger Black Swift G4 S2S3B E (May 2015) Blue
Falco peregrinus Peregrine Falcon G4 S3B SC (Apr 2007) No Status
Falco peregrinus anatum Peregrine Falcon, anatum subspecies G4T4 S2?B SC (Apr 2007) Red 1-SC (Jun 2012)
Falco peregrinus pealei Peregrine Falcon, pealei subspecies G4T3 S3B SC (Apr 2007) Blue 1-SC (Jun 2003)
Fratercula cirrhata Tufted Puffin G5 S2S3B, S4N Blue
Glaucidium gnoma swarthi Northern Pygmy-Owl, swarthi subspecies G4G5T3Q S3 Blue
Hirundo rustica Barn Swallow G5 S3S4B T (May 2011) Blue
Hydroprogne caspia Caspian Tern G5 S3B NAR (May 1999) Blue
Megascops kennicottii Western Screech-Owl G4G5 S4 T (May 2012) No Status 1-SC/E (Jan 2005)

Megascops kennicottii Western Screech-Owl, kennicottii
subspecies G5T4 S3 T (May 2012) Blue 1-SC (Jan 2005)

Patagioenas fasciata Band-tailed Pigeon G4 S3S4B SC (Nov 2008) Blue 1-SC (Feb 2011)
Phalacrocorax auritus Double-crested Cormorant G5 S3S4B NAR (May 1978) Blue
Phalacrocorax penicillatus Brandt’s Cormorant G5 S1B, S4N Red
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Amphibians, Turtles, Reptiles, and Fish

Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Amphibian
Anaxyrus boreas Western Toad G4 S3S4 Blue SC (Nov 2012) 1-SC (Jan 2005)
Rana aurora Northern Red-legged Frog G4 S3S4 Blue SC (May 2015) 1-SC (Jan 2005)
Aneides vagrans Wandering Salamander G4 S3S4 Blue SC (May 2014)

Turtles Chrysemys picta pop. Painted Turtle – Pacific Coast Population G5T2 S2 Red E (Apr 2006) 1-E (Dec 2007)
Reptiles Contia tenuis Sharp-tailed Snake G5 S1S2 Red E (Nov 2009) 1-E (Jun 2003)

Fish
Oncorhynchus clarkii Cutthroat Trout, clarkii subspecies G4T4 S3S4 Blue
Oncorhynchus kisutch Coho Salmon G4 S4 Yellow T (Nov 2016)
Salvelinus confluentus Bull Trout G4 S3S4 Blue SC (Nov 2012)

Pinicola enucleator carlottae Pine Grosbeak, carlottae subspecies G5T3 S3B Blue
Progne subis Purple Martin G5 S3B Blue
Ptychoramphus aleuticus Cassin’s Auklet G4 S3B, S4N SC (Nov 2014) Blue
Tyto alba Barn Owl G5 S2? T (Nov 2010) Red 1-SC (Jun 2003)
Uria aalge Common Murre G5 S2B, S3S4N Red
Marmota vancouverensis Vancouver Island Marmot G1 S1 Red E (Mar 2008) 1-E (Jun 2003)

Mammals

Mustela erminea anguinae Ermine, anguinae subspecies G5T3 S3 Blue

Myotis keenii Keen’s Myotis G3 S3? Blue DD (Nov 2003) 3 (Mar 2005)

Gulo vancouverensis Wolverine, vancouverensis subspecies G4TH SH Red SC (May 2014)

Cervus elaphus roosevelti Roosevelt Elk G5T4 S3S4 Blue

Corynorhinus townsendii Townsend’s Big-eared Bat G4 S3S4 Blue

Sorex palustris brooksi American Water Shrew, brooksi
subspecies G5T2 S2 Red
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Gastropods and Insects

Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Bivalves
Musculium partumeium Swamp Fingernailclam G5 S2S4 Blue
Musculium transversum Long Fingernailclam G5 S3S5 Blue

Gastropods

Cryptomastix devia Puget Oregonian G3 SX Red XT (Apr 2013) 1-XX (Jan 2005)
Galba bulimoides Prairie Fossaria G5 S3? Blue
Haliotis kamtschatkana Northern Abalone G3G4 S2 Red E (Apr 2009) 1-E
Hemphillia dromedarius Dromedary Jumping-slug G3G4 S2 Red T (May 2014) 1-T (Jan 2005)
Hemphillia glandulosa Warty Jumping-slug G3G4 S2? Red SC (Apr 2013) 1-SC (Jan 2005)
Nearctula sp. Threaded Vertigo G3G5 S3 Blue SC (Apr 2010) 1-SC (Jul 2012)
Physella propinqua Rocky Mountain Physa G5Q S3S4 Blue
Physella virginea Sunset Physa G5Q S3S5 Blue
Planorbula campestris Meadow Rams-horn G4G5 S3S4 Blue
Pristiloma johnsoni Broadwhorl Tightcoil G3 S3 Blue
Prophysaon coeruleum Blue-grey Taildropper G3G4 S2S3 Blue T (Apr 2016) 1-E (Dec 2007)

Insects

Anarta edwardsii Edwards’ Beach Moth GNR S1 Red E (Apr 2009) 1-E (Feb 2011)

Callophrys eryphon sheltonensis Western Pine Elfin, sheltonensis
subspecies G5TNR S3 Blue

Callophrys johnsoni Johnson’s Hairstreak G3G4 S1S2 Red
Callophrys mossii Moss’ Elfin, mossii subspecies G4T4 S2S3 Blue

Cercyonis pegala incana Common Wood-nymph, incana
subspecies G5T4T5 S2 Red

Coenonympha tullia insulana Common Ringlet, insulana subspecies G5T3T4 S1 Red
Danaus plexippus Monarch G4 S3B Blue E (Nov 2016) 1-SC (Jun 2003)

Insects

Epargyreus clarus Silver-spotted Skipper G5 S3 Blue

Epargyreus clarus californicus Silver-spotted Skipper, californicus
subspecies G5TNR SH Red

Erynnis propertius Propertius Duskywing G5 S2 Red
Erythemis collocata Western Pondhawk G5 S3S4 Blue
Euchloe ausonides insulanus Large Marble, insulanus subspecies G5T1 SX Red XT (Apr 2010) 1-XX (Jun 2003)
Euphydryas editha taylori Edith’s Checkerspot, taylori subspecies G5T1 S1 Red E (May 2011) 1-E (Jun 2003)
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Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Euphyes vestris Dun Skipper G5 S2 Red T (Apr 2013) 1-T (Jun 2003)

Hesperia colorado oregonia Western Branded Skipper, oregonia
subspecies G5T2 S1 Red E (Nov 2013)

Omus audouini Audouin’s Night-stalking Tiger Beetle G5 S2? Red T (Nov 2013)
Ophiogomphus occidentis Sinuous Snaketail G5 S3 Blue
Pachydiplax longipennis Blue Dasher G5 S3S4 Blue

Parnassius clodius claudianus Clodius Parnassian, claudianus
subspecies G5TNR S3S4 Blue

Parnassius smintheus
olympiannus

Rocky Mountain Parnassian, olympiannus
subspecies G5T4 S2S3 Blue

Plebejus icarioides blackmorei Boisduval’s Blue, blackmorei subspecies G5T3 S3 Blue
Plebejus saepiolus insulanus Greenish Blue, insulanus subspecies G5TH SH Red E (May 2012) 1-E (Jun 2003)
Speyeria zerene bremnerii Zerene Fritillary, bremnerii subspecies G5T3T4 S2 Red
Sympetrum vicinum Autumn Meadowhawk G5 S3S4 Blue

Malacostracans Stygobromus quatsinensis Quatsino Cave Amphipod G2G3 S2S3 Blue
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Vascular Plants: Dicots

Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Abronia latifolia Yellow sand-verbena G5 S2 Red
Abronia umbellata var. breviflora Pink sand-verbena G4G5T2 S1 Red E (May 2004) 1-E (Jul 2005)
Acmispon americanus var.
americanus Spanish-clover G5T5 S3 Blue

Anagallis minima Chaffweed G5 S3 Blue
Anemone drummondii var.
drummondii Alpine anemone G4T4 S2S3 Blue

Balsamorhiza deltoidea Deltoid balsamroot G5 S1 Red E (Apr 2009) 1-E (Jun 2003)
Bidens amplissima Vancouver Island beggarticks G3 S3 Blue SC (Nov 2001) 1-SC (Jun 2003)
Callitriche heterophylla var.
heterophylla Two-edged water-starwort G5T5 S2S3 Blue

Calystegia soldanella Beach bindweed G5 S2 Red
Cardamine angulata Angled bittercress G5 S1S2 Red
Cardionema ramosissimum Sandmat G5? S1 Red
Castilleja ambigua ssp. ambigua Paintbrush owl-clover G4T3T4 S3 Blue
Clarkia purpurea ssp.
quadrivulnera Wine-cup clarkia G5T5 S2 Red

Claytonia washingtoniana Washington springbeauty G2G4 S2 Red
Corydalis scouleri Scouler’s corydalis G4 S3S4 Yellow NAR (Nov 2006)
Elatine brachysperma Short-seeded waterwort G5 S1 Red
Elatine rubella Three-flowered waterwort G5 S3 Blue
Erigeron philadelphicus var.
glaber Salt marsh Philadelphia daisy G5T1 S1 Red

Erythranthe dentata Tooth-leaved monkey-flower G5 S2S3 Blue
Eucephalus paucicapitatus Olympic mountain aster G3? S3 Blue
Eurybia radulina Rough-leaved aster G4G5 S2 Red
Fraxinus latifolia Oregon ash G5 S1S2 Red
Githopsis specularioides Common bluecup G5 S2 Red
Glehnia littoralis ssp. leiocarpa American glehnia G5T5 S2 Red
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Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Helenium autumnale var.
grandiflorum Mountain sneezeweed G5T3T5 S2S3 Blue

Hemizonella minima Small-headed tarweed G4 S2 Red
Heterocodon rariflorum Heterocodon G5 S3 Blue
Hippuris tetraphylla Four-leaved mare’s-tail G5 S1S2 Red
Hornungia procumbens Ovalpurse G5 S3? Blue
Hosackia pinnata Bog bird’s-foot lotus G4G5 S1 Red E (May 2004) 1-E (Jul 2005)
Hydrophyllum tenuipes Pacific waterleaf G4G5 S2 Red
Hypericum scouleri ssp.
nortoniae Western St. John’s-wort G5T3T5 S3? Blue

Idahoa scapigera Scalepod G5 S2S3 Blue
Jaumea carnosa Fleshy jaumea G4G5 S3 Blue
Lasthenia glaberrima Rayless goldfields G5 SX Red E (Mar 2008) 1-E (Feb 2010)
Lasthenia maritima Hairy goldfields G4 S2 Red
Lathyrus littoralis Silky beach pea G3G4 S2 Red T (Apr 2013)
Limnanthes macounii Macoun’s meadow-foam G2 S2 Red T (Nov 2004) 1-T (Aug 2006)
Lomatium grayi var. grayi Gray’s desert-parsley G5T5 S1 Red T (Nov 2008) 1-T (Feb 2011)
Lupinus lepidus Prairie lupine G5 S1 Red E (Apr 2009) 1-E (Jun 2003)
Lupinus rivularis Streambank lupine G2G4 S1 Red E (Nov 2002) 1-E (Jan 2005)
Meconella oregana White meconella G2G3 S1 Red E (May 2005) 1-E (Aug 2006)
Mitellastra caulescens Leafy mitrewort G5 S2S3 Blue
Montia chamissoi Chamisso’s montia G5 S2 Red
Montia diffusa Branching montia G4 S1S2 Red
Myrica californica California wax-myrtle G5 S3 Blue
Myriophyllum quitense Waterwort water-milfoil G4? S3 Blue
Navarretia intertexta Needle-leaved navarretia G5TNR S2 Red
Nuttallanthus texanus Texas toadflax G4G5 S2 Red
Orobanche pinorum Pine broomrape G4 S1 Red
Oxalis oregana Redwood sorrel G5 S2S3 Blue
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Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Packera macounii Macoun’s groundsel G5 S3 Blue
Pleuricospora fimbriolata Fringed pinesap G4 SH Red
Polygonum paronychia Black knotweed G5 S3 Blue
Psilocarphus elatior Tall woolly-heads G4Q S2 Red E (May 2001) 1-E (Jun 2003)
Pyrola elliptica Shinleaf wintergreen G5 S3 Blue
Rubus lasiococcus Dwarf bramble G5 S3 Blue
Rubus nivalis Snow bramble G4? S3? Blue
Rumex persicarioides Pacific golden dock G3?Q S1S3 Red
Rupertia physodes California-tea G4 S3 Blue
Sanguisorba menziesii Menzies’ burnet G3G4 S2S3 Blue
Sanicula bipinnatifida Purple sanicle G5 S2 Red T (May 2001) 1-T (Jun 2003)
Sericocarpus rigidus White-top aster G3 S2 Red SC (Apr 2009) 1-SC (Jun 2003)
Sidalcea hendersonii Henderson’s checker-mallow G3 S3 Blue
Toxicodendron diversilobum Poison oak G5 S3? Blue
Trifolium cyathiferum Cup clover G4 S2 Red
Trifolium depauperatum var.
depauperatum Poverty clover G5T5? S3 Blue

Trifolium dichotomum Macrae’s clover G4? S2 Red
Verbena hastata var. scabra Blue vervain G5T5 S2S3 Blue
Viola howellii Howell’s violet G4 S2 Red
Viola praemorsa ssp. praemorsa Yellow montane violet G5T3T5 S2 Red E (Nov 2007) 1-E (Jun 2003)
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Vascular Plants: Monocots, Ferns, Quillworks, and Moonworts

Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Ferns

Adiantum aleuticum var.
subpumilum Dwarf maiden-hair fern G5?T1T2 S1S2 Red

Asplenium adulterinum Corrupt spleenwort G3? S3 Blue
Thelypteris nevadensis Nevada marsh fern G4 S1 Red
Woodwardia fimbriata Giant chain fern G5 S3 Blue

Monocots

Allium amplectens Slimleaf onion G4 S3 Blue
Allium crenulatum Olympic onion G4 S3 Blue
Allium geyeri var. tenerum Geyer’s onion G4G5T3T5 S3 Blue
Alopecurus carolinianus Carolina meadow-foxtail G5 S2 Red
Bolboschoenus fluviatilis River bulrush G5 S2 Red
Carex feta Green-sheathed sedge G5 S3 Blue
Carex gmelinii Gmelin’s sedge G4G5 S2S3 Blue
Carex interrupta Green-fruited sedge G4 S2S3 Blue
Cephalanthera austiniae Phantom orchid G4 S2 Red E (Nov 2014) 1-T (Jun 2003)
Eleocharis parvula Small spike-rush G5 S3 Blue
Eleocharis rostellata Beaked spike-rush G5 S3 Blue
Erythronium montanum White glacier lily G4 S3 Blue
Festuca rubra ssp. mediana Dwarf red fescue G5TNR S3 Blue
Glyceria leptostachya Slender-spiked mannagrass G3 S3 Blue
Juncus brevicaudatus Short-tailed rush G5 S1S3 Red
Juncus oxymeris Pointed rush G5 S3? Blue
Lilaea scilloides Flowering quillwort G5? S2S3 Blue
Malaxis brachypoda White adder’s-mouth orchid G4G5Q S2S3 Blue
Paspalum distichum Knotgrass G5 S1S3 Red
Platanthera ephemerantha White-lip rein orchid G3? S2 Red
Potamogeton oakesianus Oakes’ pondweed G5 S2S3 Blue
Prosartes smithii Smith’s fairybells G5 S2S3 Blue
Sparganium fluctuans Water bur-reed G5 S2S3 Blue
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Torreyochloa pallida Fernald’s false manna G5 S1 Red
Triglochin concinna Graceful arrow-grass G5 S3 Blue

Quillworts
Isoetes nuttallii Nuttall’s quillwort G4? S3 Blue
Selaginella oregana Oregon selaginella G4 S1S3 Red

Botrychium Botrychium simplex var.
compositum Least moonwort G5T3T4 S3 Blue

Ophioglossum Ophioglossum pusillum Northern adder’s-tongue G5 S3? Blue
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Nonvascular Plants

Class Scientific Name English Name Global Status Prov Status BC List COSEWIC SARA

Bryophytes

Alsia californica G4 S3 Blue
Bartramia stricta Rigid apple moss GU S2 Red E (Nov 2009) 1-E (Jun 2003)
Brachythecium holzingeri GU S2S3 Blue
Bryum gemmiparum G3G5 S3 Blue
Dicranodontium asperulum G4G5 S3 Blue
Diphyscium foliosum G5 S2S3 Blue
Ditrichum schimperi G3G5 S2S3 Blue
Entosthodon fascicularis Banded cord-moss G4G5 S2S3 Blue SC (May 2015) 1-SC (Aug 2006)
Fissidens ventricosus GU S2S3 Blue
Funaria muhlenbergii G4 S3? Blue
Grimmia anomala G5 S3 Blue
Orthotrichum rivulare G4 S3 Blue
Philonotis yezoana G3 S2S3 Blue
Platyhypnidium riparioides G4 S3? Blue
Pohlia pacifica GU S1S2 Red
Racomitrium pacificum G3 S3 Blue
Rosulabryum erythroloma G4? S2S3 Blue
Sphagnum quinquefarium G5 S3 Blue
Tortula bolanderi G3G5 S2 Red
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11.4. Appendix D. Previous Restoration Projects

Table 18 Past stream enhancement projects.
Type Year Location Description Report

Instream
Habitat
Enhancement

1998

Lower
Sarita

To increase habitat complexity and create pools for Coho Salmon fry, log cover
structures were installed at 2 sites on the Sarita River.  Not Available

South
Sarita Log cover structures were at 1 site at the confluence of the Sarita & South Sarita.

Instream
Habitat
Enhancement

1999

Lower
Sarita

To increase off-channel rearing habitat for Coho Salmon fry in low flow
conditions, a fishway was installed in 1999 to provide access to the beaver pond
in Reach 3. Log structures were installed at 6 sites in Reach 3, and at 4 sites in
Reach 4 to enhance habitat complexity and pools for rearing Coho fry (Huu-ay-aht
First Nation. February 2000).

Huu-ay-aht
First Nations
2000

South
Sarita In 1999, large woody debris structures were installed at 2 sites in Reach 20.

Sabrina
Creek

Four riffle structures and 8 large woody debris structures were installed in Reach 34.
Two log jams were lowered and large woody debris structures were installed at
25 sites in Reach 35.

Instream
Habitat
Enhancement

2000

South
Sarita

The side channel previously built in Reach 20 was extended by 115 m to provide
summer and winter off-channel habitat for Coho Salmon fry and large woody debris
was added.
Five structures were constructed to protect an eroding bank in Reach 20, and
3 structures previously built were repositioned and recabled.
Large woody debris was added to 9 sites in Reaches 30-31.

Ochman 2002

Sabrina
Creek

Small woody debris was removed from a logjam in Reach 35.
Twenty new large woody debris structures were installed in Reach 37.

Hunter
Creek

Large woody debris was placed at 9 sites in Reach 50 to increase habitat
complexity and provide cover for rearing juvenile Coho Salmon.

Instream
Habitat
Enhancement

2001

South
Sarita

Rip-rap armouring was added to the upstream corner of the berm in Reach 20.
Large woody debris was added to 10 sites in Reaches 30-31.

Ochman 2002

Sabrina
Creek

Small woody debris was removed from a logjam in Reach 35.
Eighteen new large woody debris structures were placed in Reach 34.
Four new large woody debris structures were installed in Reach 35.
Six new large woody debris structures were installed in Reach 37.

Instream
Nutrient
Enhancement

2006

South
Sarita and
Sabrina
Creek

Pollack bone meal was added as a slow release fertilizer in 5 areas, including the
mainstem South Sarita and Sabrina Creek.

Pellet and
Wright 2007

Instream
Habitat
Enhancement

2006 South
Sarita

7,500 m2 of new side channel rearing habitat was created in Reach 20. 6,550 m2

I.R. 1 side channel and 3420 m2 pond. ?

2007 Repairs to side channel on I.R 1. ?

2008 Repairs to side channel on I.R 1. ?

2009 The Reach 20 side channel and the protection berm were rehabilitated due to
flooding damage. ?


