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This Sensitive Habitat Inventory Mapping and Aquatic Habitat Index project f&aft River, herein

I Il T WqYWet WaqdWWmAI YTURgwAWs ¢t WHYAGGOUqUIT WH! W
funding from the Canada Nature Fund for Aquatic Species at Risk (CNFASAR) (Contribution
Agreement: 2022NF~PAG014). The Project is a component of a lger SFC led initiative that aims to

implement priority actions that will benefit salmon ecosystems in Secwépemc territory while

considering impacts from climate change and lmman uses.The Project has also been integrated into

q6 JWERGGHs WmEijsddt s JhWIRURqREqR2IAWs 6 RAGWRU2Y T2 1t L
riparian areas, and enhancing slope stability throughout the territory.

Sensitive Habitat Inventory Mapping (SHIM) is a fielobhsed methodology that maps and compiles

data for British Columbian watercourses (Mason and Knight, 2001). The field data collected by the

SHIM was used to identify areas of sensitive habitat for kesfi species as well as evaluate stream

and bank conditions. This information can be used to inform management decisions, prioritize future

restoration sites, and monitor changes in the stream through time.

This report is based on a desktop review of available information and field data collection conducted
from August23 T 24, 2023. Thescope of this report includes:

T Wi WUt Bl @EERY @ &INW W 1310 A3 + & ¢l §28IRt WR 0 W

9 Wedd@c¢l ! WYnNWq6WWIKXqSYT YayYn! wet W7 Wnl Y& WadJWECf

fOT W#Wol cfbWeUOT WS WWx B2 WYNWF CGEHqWbIXx §Ff b W HYI
Wt 2Gael ! WYnNWaé Wl Ut 2daqt Wnl YaWags JWEcf ~AW cf AWe

AurYaaWUl ¢cqRYUL WnY! W3t 6W6¢HRgeqWl Wt qY!l ¢qRYUWGT

| 3t qYl ¢cqRYUW RaLWG ¢ Gt oW

= =4

This report also serves to meet the habitat assessment summary report deliverable under Activity 1
of the CNFASAR funding for the 23/24 fiscal year (Year 2).

Eqeal ! W | 1J¢

TheRaftRiver is locatedin Clearwater, British Columbia, within the traditional hunting, fishing and
gathering territory of theSimpcw First Nation (SFN)The river drains an area approximately 750 kin
flowing over 60 km from the Shuswap Highlands southwards into the North Thompson River (Arc
Environmental, 1996).The river is an important salmon spawning stream, though a waterfall 2km
upstream of the mouth blocks fish passage. The lower 2.km flows primarily through private,
agricultural lands. This lower sectionRt W& YHE q T Ws Ra 6 R U Leddifldvis Ithsoag 1J 1 K + LW H
Rural (RE1), Country Residential (CRL), and Institutional (R2) Zones (District of Clearwater, 2016).
There are seven water licenses (mostly for domestic water usage) on the river, and all are within the
first four kilometres (Integrated Woods Services, 2002)The upper portion of the watershed is
inaccessible to spawning salmon and has considerable logging and forestry activities, the effects of
which are not considered in this report. The focus of the SHIM survey in 2023 was thawer portion

of the stream accessible to spawning Pacific salmonidsKigurel).

SecwépemcFisheries Commission
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Figure 1. Overview map of the Raft River SHIM survey area.
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Local Indigenous Peoples have relied on Pacific Salmon famillennia, providing a sustainable food
source and playing important cultural and ceremonial roles.Today, the Raft River is a popular
destination for tourists, and people journey each year to view the impressive spawning returngout

fishing is another popular activity on the riverand it helps support several locabusinesses.

Several keyfish species were considered in this report giventheir significanteconomic and cultural
value, as well astheir sensitivity to change. The habitat requirements and residence time of the key
species were used to establish the relative habitat values for the AHI developed beloWhe key fish
species considered wereKamloops Early Summer Sockeye salmgrEndangeredNorth Thompson
River (NTR) @mmer 5, Chinook salmon (COSEWIC, 2015)Threatened NTRInterior Fraser Coho
salmon (COSEWIC, 201§ Fraser River (odd) pink salmonrainbow trout, and bull trout Table 1
provides seasonal timing of freshwater habitat usage by Chinook, sockeye, pink, and coho salmon,
as well as rainbow trout and bull trout.

Life History Stage | Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec
CoO, | CO, | CO, | CO,
CH, | CH, | CH, | CH,

co, CH, CO, | CO,

, CH, CH, | CH,
Incubation so | so | so | so gg RB | RB SO ?3?( SO, | SO,
PK | PK | PK | PK ’ PK | PK

RB, | RB, | RB, | RB, | RB, | RB, | RB, | RB, | RB, | RB, | RB, | RB,
Juvenile Rearing CO, | CO, | CO,|CO, | CO,|CO | CO | CO | CO | CO, ) cCOo,,|cCo,
CH|CH|CH|CH|CH|CH|CH|CH|CH|CH|CH]|CH
SO, | SO, | SO

. SO, SO,
Migration and RB | RB | RB | RB | RB cH | ch, | €9 | €O | €O | o
Spawning PK CH, | CH, | RB RB

PK PK PK

Chinook, coho, pink, andsockeye salmon, as well againbow trout and bull trout spawn and rearin
the Raft River. Escapement data are available from338, depending on the species and year. These
data were retrieved from the Pacific Salmon Explorer and internal databaseSnumeration methods
included a combination of stream walks,helicopter surveys, and floats. Figure 2 depicts recorded
historic spawner abundances of Chinook, cohoand sockeye salmon in Raft River. This information
was retrieved frominternal databases andthe Pacific Salmon Foundation Salmon Explorer @ific
Salmon Foundation 2024). Years with a value of zero do not necessarily mean there were no
spawners, but rather that no data are available for that particular year or species. The largest
documented return of coho salmon occurred in 201, with 4099 spawners; the largest return of
Chinook salmon occurred in1953 and 1957 with 1500 spawners recordedin both years the largest
return of sockeye occurred in 2000 with 66 292 spawners.

Secweépemc Fisheries Commission
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Figure 2. Historic escapement data for Kamloops Early Summer Sockeye (primary vertical axis), NTR SprinGttinook
(secondary vertical axis), and NT IFC (secondary vertical axis)the Raft River

Threats to these species are overlapping and include the compounding impacts of drought, fires,
pine beetle kill, logging, hatchery releases, and riparian losses from agriculture (COSEWIC, 2020).
These impacts have resulted in altered seasonal hydrograph#pss of hillslope stability, degraded
channel stability, decreased habitat and floodplain connectivity,increased stream temperatures,
and loss ofriffle-pool stream character (Nelitz et al., 2011; COSEWIC 2020).

North Thompson Interior Fraser Coho Salmon

Interior Fraser Coho (IFC) are a genetically distinct population of coho salmo@icorhynchus
kisutch). Populations from the middle/upper Columbiacolonized the Fraser River watershed via
post-glacial lake connections. The Columbia populations are now extinct, and IFC are the
remaining representatives of this unique hereditary group (Northcote and Larkin 1989). Coho
salmon have a high degree of spawing site fidelity, which also contributes to the large number of
genetically distinct populations within the species. There are five suigroups within IFC: the North
Thompson, South Thompson, Lower Thompson, Fraser Canyon area, and Middle/Upper Fraser
(Holtby and Ciruna, 2007).

IFC were designatecEndangeredby COSEWIC in 2002. Their decline has been attributed to poor
conditions in the marine environment, overexploitation, and freshwater habitat loss. A slight
reverse in the trend has led to them being redesignated d$reatened(COSEWIC, 2016).

Adult Migration

Adults return to spawn at 3 years of age, so their success depends equally on quality freshwater
and marine habitats. Appropriate flows, depths, and temperatures are necessary for migrating,
holding, and spawning adults. Depths of at least 17 cm, velocit®30-90 cm/s, and temperatures

Secweépemc Fisheries Commission



between 12-14 degrees Celsius are preferred (Bjornn and Reiser, 1991). Deep pools, woody debris,
groundwater input, and healthy riparian areas with overhanging vegetation provide cover and
cooler temperatures for returning adults.

Spawning and Incubation

Spawning and egg incubation occurs in a variety of habitats and is not thought to be limiting
(COSEWIC, 2016). Coho spawn in the late fall, often in very small streams and the side channels of
larger rivers. Discharge decreases in the fall and winter, puttg redds at risk of dewatering and
freezing if spawning occurs too early (Decker and Irvine, 2013).

Ideal streams are lakeheaded, which provides stability of flow and temperature (Decker and Irvine,
2013). Spawning site preference is given to rifflpool transitions, with groundwater upwelling and
good circulation. Groundwater also moderates ambient steam temperatures, further decreasing

the risk of dewatering or freezing (McRae et al., 2012). Eggs are usually deposited in areas less than
30 cm deep and in gravels and cobbles less than 15 cm in diameter (Sandercock, 1991). Eggs are
particularly vulnerable to siltation, predation, freezing, and disease. The eggs hatch in the spring,
and the juveniles remain in freshwater for up to 18 months before journeying to the ocean.

Juvenile Rearing

Fry emerge from the gravel during spring freshet, when high discharge causes increased bed shear
and the creation of flooded habitats. These ephemeral floodplains are shallow and warm quickly.
This accelerates the growth of terrestrial plants and prey species (invertebrates and plankton),
providing extremely valuable areas of elevated growth conditions for juvenile salmonids in the
spring (Jeffres et al., 2007). Channel complexity is also important and gradients of less than 3% are
preferred. Pools, backwatrs, and beaver ponds have the highest density of juveniles (Decker and
Irvine, 2013). Groundwater ponds, sidechannels, and other offchannel habitats support Coho
overwinter and during summer low flow.

96 RUYYt WWEcGOGYU

The Chinook salmon(Oncorhynchus tshawytscha) is the largest species of Pacific salmon (DFO,

SMZMb OWAYGea il ¢ qRY Ut W qll IGHIGHAUY AnNLLERAGRI CLIES + Oldyid | oRI YRGS !+ q .
dominated hydrological regimes tend to support populations of streartype Chinook that overwinter

for a year ormore. Chinook that spawn and rear irRaft River are a part of the Designatable Unit7]

North ThompsonRiver Summers, Chinook, and were designatedEndangeredby COSEWIC in 205.

This designation is applied when a species experiences a decline of 70% or more in the total number

of mature individuals within 10 years or 3 generations (whichever is longer) and is likely to become

extirpated or extinct (COSEWIC, 2(8).

ledqW~RNI ¢qRYU
Sufficient depths (24 cm or more) and velocities (3@1 cm/s) are required for migration and access
to spawning grounds (Bjornn and Reiser, 1991). The sensitive thermal and flow conditionsRaft
Riverimpact timing and location of spawning. These conditions have limited spawning and survival

in the past (COSEWIC, 2020)Deep pools, woody debris, and overhanging vegetatiorprovide
necessary cover and holding areas for migrating Chinook.

Secweépemc Fisheries Commission
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Chinook spawn in a broad range of depths and water velocitieprovided there is adequate sub
gravel flow(DFO, 202Q. Areas upstream of riffles and pool taHouts are favoured, especially below
logjams and woody debris. Redds can be very largeup to 10 nfy and flow conditions can change

significantly between spawning and hatching. Ground water and hyporheic flow mediate the effects
of highly variable discharges in smaller watercourses outside mainstem river®gO, 2020.

se2PDURGIUWALCeCI RUNDLW

Juveniles rearing in freshwater prefer shallow areas with low velocities and small substrate size.
Ideal stream temperatures are between 10C and 14 °C. Pools provide importantoverwintering and
summer lowwater habitat, as well as a productive environment for prey specie€phemeral habitats
related to the timing and intensity of freshet provide access to prey and protection from predators
(DFO, 202Q. Due to their shallow depths and gentle flows, these seasonal wetlands warm earlier
than mainstem waters. This accelerates growth of aquatic invertebrates, insect larvae, plankton,
and other prey species. Juvenile salmon rearing in these areas displagcelerated growth and have
AR OWT e AART WmenaYYT Gi¢cRUWNEqaqRIJY wWls 6 JOUWRY G Ge | U1 Wa Y
result of their improved condition and increased mass, these juveniles have higher outmigration
survival and a decreased risk of predationKatz et al, 2017). Flooding presents a liability to
infrastructure, residential and agricultural land. As a result, access to historic floodplains has been
disrupted or degraded in many watersheds to protect these human developments. Remaining
floodplain access isa critical component of rearing habitat.

EYHt{ D! JWE¢cGAaYU
ledqW~RNI ¢qRYU

Kamloops-Early Summer Sockeye Salmon (Oncorhynchus nerka) spawn Raft River Migrating
adults require adequate freshwater temperatures and depths while moving upstream. River
temperatures below 15°C are ideal for survival and limit temperatureelated pre-spawn mortality
(Gilhousen, 1990). As temperatures increase, cardiorespirary function decreases. This leads to
decreased swimming ability, increased stress, susceptibility to disease, and heat shock (Eliason et
al. 2011). Other factors negatively impating migration include turbidity, dissolved oxygen, and

instream barriers. To clear barriers, sockeye can jump a maximum of 2.1 m high, provided the pool
depth below the barrier is 1.5x the height of the required leap (Bjornn and Reiser, 1991).

EGcs URUNDWE UT Wf Ue HE qRY U

Spawning may occur in temperatures ranging from120 °C (favourable ranges are typically 1016
12.2 °C) and in a variety of substrate sizes (Bjornn and Reiser, 1991). Similar to other salmon species,
transitional areas between pools and riffles are favouredThis promotes favourable sub gravel flow

to incubating eggs. Other habitat requirements impacting spawning include water velocity, depth,

availability of instream cover, and water quality. Water quality can be negatively impacted by fire,
forestry practices, livestock access and nutrient input from livestock and agriculture.

Sockeye have longer incubation periods than coho and Chinook. The snedeminated hydrographs
of the interior tend to produce a spring freshet followed by stable, declining flows during the

6
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incubation period (Mote et al. 2003). This stable period is critical for spawning success, as
fluctuations can have drastic impacts on egg and alevin survival. Ideal temperatures range from 4.4
13.3 °C, while temperatures below 3.1 °C and above 25.8 °C amecognized as lethal limits (Bjornn
and Reiser, 1991). Siltation, freezing conditions and predation can also impact survival at this stage.

se2JUROWWANe!I RUNWc ¢HRAqC q
Newly emerged sockeye fry generally migrate to their nursery lakes in April, where they inhabit the

littoral zone. As temperatures increase in July juveniles move into the pelagic area of the lakes and
remain there until outmigration the following spring.

Rainbow Trout

Rainbow trout Oncorhynchus mykisg are a member of the Salmonidae family and exhibit two
distinct life histories: migratory and resident. Genetics and environmental conditions contribute to
whether an individual fish will be migratory or resident (Neave, 1944; Doctor et al., 2014). Stream
residents remain in small headwaters their entire life (COSEWIC, 2014). Freshwater migrants move
to larger rivers(fluvial) or to lakes(adfluvial) as adults, returning to their natal stream to spawn.
Adfluvial individuals are typically much larger and switch from an insectivorous to piscivorous diet.
Some individuals adopt an anadromous lifestyle, migrating to the ocean to mature and returning to
their natal stream to spawn.The age at maturity is usually between 3 to 5 years of age.

Adult Migration

Migration into the river coincides with increasing spring temperatures in the spring and tends not to
occur until water temperatures approach8 degrees (Roberge et al., 2002; COSEWIC, 2020).
Outmigration occurs shortly after spawning, and some individuals may survive to repeat spawn.

Spawning andincubation

Rainbow trout prefer cold, clear water with a fast current (COSEWIC, 202@pawning occurs in the
spring at stream temperatures of 405 °Gn gravel substrates above and below pools at riffle
transitions (Roberge et al, 2002; COSEWIC, 20dexl substrate is 0.41 1.5 cm in diameter with low
sediment and silt levels and high dissolved oxygen levels (Bjornn and Reiser, 1991). Fecundity is
strongly correlated to body size, and may vary from 30012, 600 egggCOSEWIC, 2020). Spawning
occurs in the spring at stream temperatures of 1@ 15 °C (Roberge et al, 2002). Repeat spawning is
common but depends on condition after spawningand availability of food (Hartman et al. 1962;
Schwanke, 2002).

Juvenile Rearing

Juveniles value shallow streams with abundant cover in the form of vegetated banks, overstream
vegetation, woody debris, and boulder gardens (COSEWIC, 2020). Pools and areas of-guwvel
flow are important overwintering habitat for juveniles and adults (OSEWIC, 2015).

72 00WNI Ye qll
Bull trout (Salvelinus confluentus) arein fact a large char and not a true trout They closely resemble
Dolly Varden char, but genetic analyses have revealed these two species are more closely related to
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other char species than to each other (Grewe et al., 199@hillips et al., 1994) Bull trouty similar to

rainbow trouty can be residents, adfluvial, or fluvial Theyprefer colder water than rainbow trout

(preferably less than 12C) and require clean, complex habitat across all life history stages
(COSEWIC, 2012)Preferences for depths, water velocities, and substrates change as they mature,

and appear to be more specificomparedtoY a6 131 Wt GUHRIIt kK Wl PDhe R Theid Uaqt Wl
narrow range ofhabitat requirements and specificity to conditions makes them vulnerable to

extirpation and ideal indicators of disturbance and environmental change (COSEWIC, 2(1).

ledqW~RNI ¢qRYU
Bull trout often mature in larger rivers or lake systems, switching from an insectivorous diet to a
piscivorous diet Stewart et al. 20079. They are slow maturind3 T 8 years)and individuals in smaller
systemstend to mature earlier and at smaller size§BCMW!IAP, 2004) Timing of bull trout migration
from larger rivers or lake systems back to their natal streams differs among populations and depends
on the distance to be travelled( COSEWIC, 2012)For example,populations spawning nearby in the
Barriére Rver may migrate from Saskum Lake, North BarriereLake, and Kamloops Lake(Grinton,

1994). In 2007 Stewart et al. observed that migrations of northern Canadian populations varied
widely and occurred between June and October.

EGcs URUNDWe UT wWf Uz He qRY U

Repeat spawning is common, though spawning may only occur every@arsafter sexual maturation
(Stewart et al., 2007)Upper streamtemperature thresholds of C are thought to trigger spawning
in southern systems (Weaver and White, 1985[Redds are constructed in gravel bedsver the course
of several days often in areas with groundwater upwellingand >54% overhead coverNIcPhail and
Baxter, 1996; Craig 1997). iy emerge the following springoetween April and JungStewart et al.,

2007). Areas with abundant cover in the form of undercut banks, woody debris, and deep pools are
also preferred (BCMWLAP, 2004).

s22WJURGIWAIE!I RUN

Following emergence from gravel, juveniles move to side channels and low velocity areas with
abundant cover (Stewart et al., 2007). At +1 year of age juveniles move into faster moving riffle areas
where they can utilize substrate for cover and their primarfood source switches from invertebrates

to fish (Stewart et al., 2007). Beaver ponds and areas with groundwater upwelling pigke cool water
refugia in the hot summers, and warm water refugia in the winter (Stewart et al., 2007).

Pink Salmon

Pink salmon are the most abundant Pacific salmon, comprising 70% of all Pacific salmon
(Ruggerone et al., 2023). Their range and abundance have been increasing spectacularly, reaching
record highs from 20052021. They have been able to adapt to a warmindjroate faster than other
species, and, combined with hatchery inputs have been able to exert competitive dominance over
other salmonids for shared prey species (Ruggerone, 2023).

Adult Migration

Pink salmon return to freshwater in their second year to spawn (DFO, 2023). Pink salmon are
smaller than other North American Pacific salmonids and can tolerate lower minimum depths
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required for migration (Bjornn and Reiser, 1991). Although Pacific Salmon can migrate past many

obstacles that appear to be barriers, pink salmon are less tolerant of excessive velocities, and are

at a greater risk from the challenges posed by waterfallsna debris jams (Bjornn and Reiser, 1991).

N6 DWc Wadkt W ¢cqPUWacUT+ GRT WY NWNONOWAHGYHE IT WOWe!l G! W
Upper Fraser stocks (DFO, 1995). It took many decades for these stocks to rebuild, and the Fraser

River canyon continees to hinder migration at certain flows (DFO, 1995).

Spawning and Incubation

Fraser River pink salmon spawn almost entirely in odd years (DFO, 2023). Peak spawn timing is
usually between October 10" and 18" in the Thompson watershed (DFO, 1995). Pink salmon prefer
temperatures from 7.2-12.8 degrees Celsius for spawning and substrates 1302 mm in diameter
(Bjornn and Reiser, 1991).

Juvenile Rearing

Juvenile Fraser River pinkalmon emerge from spawning gravels in early spring and immediately
migrate downstream to the rear in the Fraser River estuary (DFO, 1995). They spend very little time in
freshwater as juveniles, and therefore have lower use of freshwater fish habitat faates compared

to other salmon and trout that may spend several years or their entire lives in these natal streams.

Methodology

Sensitive Habitat Inventory Mapping

SHIM is a higHevel planning tool designed for watercourses in residentiakommercial, agricultural,
industrial, and recreational land use areas. The SHIM assessment was conducted by following the
standards and procedures outlined in the manual for Sensitive Habitat Inventory and Mapping
(Mason and Knight, 2001). Technicians reecded biophysical and anthropogenic attributes using a
Trimble R2 unit and an iPad tablet. These attributes can be used to divide a stream into segments
that can be ranked in terms of their relative level of disturbance, and their relative contribution tesh
habitat and productive capacity. These data collected can be used to:

" Identify sensitive habitats for fish and wildlife.

" Assist in determining setbacks and fish/wildlife sensitive zones.

n Monitor for changes in habitat resulting from disturbance.

" Highlight areas of channel instability.

" Highlight water quality issues.

" Provide baseline mapping data for future monitoring.

n Map and identify riparian vegetation available to wildlife and fisheries resources.

" Provide preliminary data for analyses which can be used to indicate potential trends

in resources that may require further study.
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Stream Centreline

The centreline of the stream was mapped along the centre of bankful width. The centreline was
divided into segments based on hydraulic class (gradient), riparian class, substrate, land use, and
disturbance factors (Table 2). Segments were designated when these conditions remained

sufficiently uniform for at least 1200 m.

Main Attribute

Detailed Feature Collected

Hydraulic character

Cascade; Falls; Glide; Riffle; Rifflepool; Slough; Wetland;
Other

Gradient

Degrees

Primary character (state of stream)

Modified; Natural; Wildfire; Other

Secondary character

Beaver pond; Ephemeral; Flumed; Intermittent; Side
channel; Wetland; Braided; Other

Riparian corridor

Unvegetated; Shrubs/grasses; Coniferous; Deciduous;
Mixed Forest

Seral stage Early seral; Midseral; Late seral; Local natural potential
Canopy closure 0-20; 20-40; 40-70; 70-90; >90

Substrate Organics; Fines; Gravel; Cobble; Boulder; Bedrock
Bankful width (m)

Wetted width (m)

Disturbance factors

Agriculture; Fire; Forestry; Linear roads; Urban
development, Recreation; Natural

Floodplain connectivity

Yes/No

Spawning gravels

Yes/No/Potential; Anadromous; Resident;
Anadromous/Resident

% Instream cover

Boulder; Deep pools; Large woodyebris; Small woody
debris; Overstream vegetation;

Line length

Point Features

(m)

Point features provide a measure of fish habitat quality and relative disturbanc&.able3. Overview of
point features. provides a list of features surveyed for and mapped.

Main Attribute

Detailed Features Collected

Bank disturbance

Type; Length; Image

Culvert Type; Barrieyes/no); Length/diameter; Slope; Image
Erosion Source erosion; Length; Image

Enhancement Type; Length/width; Image

Fish Habitat Type (spawning/rearing/cover); Length/width; Image
Obstruction Type; Length; Image

Modification Type; Length; Image

Thompson Shuswap Salmon Collaborative Data Explorer

Field data was synced to the Trimble Connect app at the end of each day and backed up on ArcGIS
Online. Each mapped attribute has an associated picture, together making up a detailed photo log.

Secweépemc Fisheries Commission
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This database will be incorporated into the public version of the Thompson Shuswap Salmon
Collaborative (TSSC) Mapping Tool and will be accessible online. Corrections and adjustments can
be made to the database as necessary.

Aguatic Habitat Index

The habitat requirements of salmonids vary by species and life history stageepending on the time
of year, migrant adults, eggs, rearing juveniles, and resident adults will be present in tRaft River.
Measures of habitat quality (Johnson and Slaney, 1996¢nerally depend on:

1 Adult holding pools.

1 Spawning gravel.

1 Area and frequency of rearing ponds.

9 Cover in pools and riffles (complexity).

9 Large woody debris (frequency and distribution).
1 Extent of offchannel habitat.

An Aquatic Habitat Index (AHI) is a method of estimating the productive capacity and suitability of
fish habitat. This methodology was developed for River Inventory Mapping (RIM) through cooperation
between Fisheries and Oceans Canada and Ecoscape Envirommtal Consultants Ltd. and was
adapted for this assessment. It uses the relative value of fish habitat features to rank segments by
the quantity and quality of available fish habitat. This ranking can be used to indicate which
segments may be the most sengive to change.

Table4 provides a list of fish habitat features that were mapped. The relative value of each feature
type depends on the key species and life history stages present. The AHI was adapted and calibrated
through professional opinion and reference to other habitat ridices developed for similar
watercourses. Habitat features have been weighted to reflect their relative habitat value
(contribution to overall habitat productivity and sensitivity). Each habitat feature was assigned a
score (where 1 How value, 2 =moderate value, and 3 =high value) for each key species at each life
history stage. The relative value was calculated by summing species scores for a given feature and
dividing by the maximum possible score. The weighted score is the product of the relativelva of
the feature and the weighting of a given life historstage Figure3). Therelative spatial coverage of
each feature type in a segment was multiplied by the weighted score that was calibrated for tRaft
River.

) ] Rearing General Living Spawning
Fish Habitat Features
RV WS RV WS RV WS
Instream vegetation 0.67 23.33 0.33 3.33 0.06 1.94
Boulder 0.67 23.33 0.42 4.17 0.39 13.61
Overstream vegetation 0.67 23.33 0.42 4.17 0.22 7.78
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Small woody debris 0.67

Deep pool 1.00
Undercut bank 0.75
Large woody debris 1.00
Groundwater influence 1.00
Off-channel habitat 1.00
Tributary 0.75

0.4

0.35

0.3

0.25

0.15

Relative Weighting
o
N

0.1

0.05

Rearing

23.33
35.00
26.25
35.00
35.00
35.00
26.25

General Living

0.33
0.92
0.75
0.92
1.00
0.83
0.92

3.33
9.17
7.50
9.17
10.00
8.33
9.17

Spawning

Life History/Habitat Attribute

0.11
0.78
0.50
0.56
1.00
0.06
0.78

Substrates

Figure 3. Relative weighting of a given life history stage or attribute.
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17.50
19.44
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1.94
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The AHI adapted for thdRaft River considered the life history stages of spawning, rearing and
general living as well as the habitat attributes of substratgFigure 2). A score for each segment was
calculated using the following equation:

0 OQBrent| WaMDFALD p& LLISLLLED Liksoldde LD &0 stolde LLEPLL & dblg,]LL
Where Arepresents area,sp represents a spawning habitat feature represents total stream area,

Wi s the weighting of the habitat featuregenrepresents general livingyear represent rearing, and P
represents the percentage of stream area.

Level of Impact

Baseline studies often require a measure of impact in a watercourse. A Level of Impact (LOI)
describes existing environmental conditions. It is a qualitative assessment of the overall health of
the bank condition and considers land use, riparian impacts, ad disturbance/modification feature
types and density.

To compare the relative condition of each segment, the left and right banks of each segment were
assigned a condition of eitheHigh, Moderate, Low, or Nil. AHigh LOI score refers to a segment with
>40% alteration along banksModerate is between 10 and 40%jow is mainly natural with <10%
alteration; Nil represents the local natural potential. Banks with a rating of Nil were attributed a score
of 3, while banks designated aslighreceived a score of zero. Thus, a segment with a rating il -Nil
would score a total of 6, while aHigh-High segment would score 0. This scoring system is further
outlined in Table5.

Stream Bank Impact Rating Combined Bank Condition Score
Nil -Nil
Nil -Low
Nil-Mod
Nil-High

Low-Low
Low-Mod
Low-High
Mod-Mod
Mod-High
High-High

OIRININW| WA |OTO

The LOI provides a basis for future impact prediction and monitoring. In this report it is used in
conjunction with measures of habitat suitability to create a priority list of habitat restoration sites
and recommendations.
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Summary of Results

Stream Centreline

Three segments were designated over approximately.2 km of surveyedstream length (Table 6,
Figurel). A summary of the biophysical and anthropogenic attributes for each segment is provide
in Table6 below.

Length PO Gradient Stream Land Use and Streambank
Segment Surveyed Substrate .
(m) (degrees) Character Alterations
Length

Ruralresidential (riverbank riparian

1 2269 53.4% 0.5 C,LG SG Riffle-pool  clearing), bank armouring,
agriculture.

C,B, LG . Linear development bank armouring,
0, -
2 749 17.6% 2.6 SG Riffle-pool agriculture related bank clearing.
3 1298 28.9% 35 B.C.LG Riffle-pool Linear development andliimited rural

residential.

?Rt qe |l HeURUDW[ ¢HqVY! + WeUT Wx ¢ U7 WOt yw?

Land use and disturbance factors are one of the main qualifiers of segment designatiom some
places, the channel has been modified by human development in the form of bridges, roads,
powerlines, agriculture, and oil and gas pipelines. The resulbear the Raft River Bridge on the
Yellowhead Highwayis a straighter channel with frequent, long sections of riprap placement to
protect infrastructure. This can impact riparian function, sediment transport, and water velocity
(Mason and Knight, 2001).

EITYRUNDWe U7 W~YT R3JT WEq!I WedHeUY
The total lengths of eroding and modified streambank by segment are outlined Higure4. The most

significant erosion observed in theRaftRiver occurs inSegment 1, while Segment 3 had the greatest
length of modified streambank

14
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Figure 4. Lengths of eroding and modified streambank by segment in the Raft River.

Segments 1 and 2 are impacted by agriculture and rural developments, and sections of streambank
vegetation have been cleared as a resu(Figure5 and Figure6). The right bank of Segment 2 is heavily
vegetated, with a healthy and robust riparian corridor. The left bank, however, is an outside bend in
the river where the riparian has been limited or cleared in places. Combined with upstream
confinement, this has resulted in an exposed soil profile andpotentially unstable bank, where
invasive species like Japanes&notweed have taken hold. Because the knotweed is growing within
the bankful, the river could as a vector of transport.Overall, the riparian corridor is largely
unimpacted by human activity, particularly upstream of the Raft River Bridge on the Yellowhead
Highway.
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Figure 5. Erosion resulting from the clearing of riparian vegetation along tt
bank.

Secwépemc Fisheries Commission

Figure 6. Bank erosion resulting from clearing of riparian vegetation.
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Anadromous fish passage is blocked by a series of waterfalls located approximately 4.2 km
upstream of the confluence with the North Thompson RiverFgure 7). Some holding fish were
observed in the pools below the falls, and spawning and rearing is likely to occur just downstream of
these waterfalls.

Figure 7. A large waterfall severametres high blocks upstream anadromous fish migration.

17
Secweépemc Fisheries Commission



X 13214 WYnwWwf & Ge Ha

A Level of Impact (LOI) score was calculated for each segment based on its relative bank condition
(Table7). The main impacts observed included alterationglearing of riparian vegetatiorassociated
with land use practices. Segment 1 was rated.ow-Nil because it has low impacts to both banks
Segments2 and 3are more impacted by agriculture and linear developments and were ratelllod-
Low. All segments have relatively low impacts to both banks when compared to other watercourses
in the BC Interior. The overall stream conditiongrade was 67.8% for the Raft River. This is an
exceptional score relative to other streams in the Interior. Louis Creek received a score of 49.3 %
(Ecoscape Environmental Ltd., 2028 while Bessette, Duteau, and Creighton Creeks received LOI
scores 0f38.7%, 33.3 % and 55.5 %, respectively (Ecoscape Ltd., 202Zhis score can be used to
monitor changes in stream condition with future assessments, as well as changes in the bank
condition of specific segments.

. Impacted Length of Bank Condition % of Stream Weighted
Bank Impact Rating Segment
Segments Segment(s) (m) Score Length Score
High-High - - 0.00 0.0% 0.00
High-Mod - - 1.00 0.0% 0.00
High-Low - - 2.00 0.0% 0.00
High-Nil - - 3.00 0.0% 0.00
Mod-Mod - - 2.00 0.0% 0.00
Mod-Low 2,3 1277 3.00 46.6% 1.40
Mod-Nil - - 4.00 0.0% 0.00
Low-Low - - 4.00 0.0% 0.00
Low-Nil 1 2269 5.00 53.4% 2.67
Nil - - 6.00 0.0% 0.00
Total 4246 4.07/6
Overall Stream Condition 67.8%

[ Rt 6 llc ¢ HRqC q

The Raft River has excellent habitat for anadromous and resident salmonids. The habitat
requirements of salmonids vary by species and life history stage. Depending on the time of year
migrant adults, eggs, rearing juveniles, and resident adults may be presemh the Raft River
Measures of habitat quality generally depend on habitat feature complexity, frequency and
distribution (Mason and Knight, 2001).

Off-channel habitat, deep pools, areas of groundwater influence, and large woody debris are the
most abundant fish habitat features in theRaft River(Table8). Juvenile salmonids require deep pools
and areas of groundwater upwelling for overwintering habitat and for late summer refugia. Deep
pools are important holding areas for migrating adults and provide cover for spawning and resident
fishes. The tail outsof pools are common spawning areas, since they offer cover to adults and are
often sources of groundwater upwelling.

18
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Relative Linear Abundance in

Feature Type Total Area (m?) Cumulative Length (m) Surveyed Length (38 018m)
Boulder 2081 98 2.3%
Deep pool 10839 753 17.7%
Groundwater influence 0 0 0.0%
Instream vegetation 0 0 0.0%
Large woody debris 910.95 944 22.2%
Off-channel habitat 7600 500 11.8%
Overstream vegetation 141 78 1.8%
Small woody debris 78 35 0.8%
Tributary 0 0 0.0%
Undercut bank 19.5 73 1.7%

The largest contribution to high quality fish habitat occurred irsegment 1, and Segments 1 and 3
had the greatest habitat complexity (feature densityjFigure8).
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mmmm Total length of fish habitat features = Density of fish habitat features

Figure 8. Distribution of the total length of mapped fish habitat features (blue) and density of features
(orange) in theRaft River
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There have been considerable enhancement efforts in the 4.2 km of Raft River accessible to
spawning Pacific salmonids. Segments 1 and 2 have 500 m and 600 m of rock and log structures,
respectively. These structures have been placed on several outside beadnd could be considered
more as bank stabilization efforts than fish habitat enhancements (Figure 9 and Figure 10).
Placement of riprapand associated structures should be considered a bandaid solution at best to
high flows and erosion (Mason and Knight, 2001). At worst they can lead to accelerated flows and
confinement, which often worsens conditions downstream.

An approximately 600 m longoff-channel rearing habitat was constructed in the Raft Rivein
Segment 2.At the time of the SHIM survey, the ofthannel did not appear to be connected at the
upstream or downstream ends.An intake culvert sits within an inside bend of the Raft River. It was
designed to draw water from the mainstem into theff-channel, but it sits within a depositional area
and sediment accumulation has blocked flow (Cooperman et al., 2006) Despite this, the channel
remains wetted and cool pelow 15°C) even during low flow summer conditions. This may bethe
result of groundwater upwelling (Cooperman, et al., 2006). A large beaver dam is situated at the
outlet, blocking flow at low water. Overtopping of the dam occurs during highwater events,
suggesting juveniles may have some opportunity to enter and exit the afhannel (Cooperman et al.,
2006).
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Figure 9. Rock and log structure stabilize banks along an outside ber Figure 10. Rock and log structuresalong a well vegetated outside bend.
in Segment 1.
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The AHI results are outlinedn Figure11. The AHI generated considered not only the amount of fish
habitat features, but the relative value of each feature to the key fish species in thRaft River.
Segmentl had the highest fish habitat value, making the greatest contributions to overall fish habitat
in the surveyed area. This was largely due to the abundance déep pools, woody debris, and
spawning gravels Segment 2 had abundant ofichannel habitat and spawning gravels, and Segment
3 had cover in the form of boulders

The diversity of habitat between the segments adds to the value of the system as a whole. The
character and unique value of each segment benefits different species at different life stages. While

majority of the AHI score for Segments 1 and 2 comes from available spawning habitat and the
diversity of cover sources, the faster flows and larger substrate of Segment 3 provides contrasting
value.

1.2

0.8

0.6

AHI Score

0.4

0.2

Segment 1 Segment 2 Segment 3

Figure 11. AHI results by segment. Segments 1 andrdade the highest contributions tooverall fish habitat.
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The lower 4.2 km of the Raft River has abundant, high quality anadromous and resident salmonid
spawning and rearing habitatTens of thousands of salmon spawn in the river during peak years, and
some of these populations belong to endangered or atisk stocks (Pacific Salmon Foundation,
2024). Overall, the river has a healthy riparian corridor, though some impacts from anthropogenic
disturbance were documented in all the segments Segments 1 and 2 are impacted by agriculture
and clearing of riparian vegetdon in some sections. The river is partially confined by the natural
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landscape in Segment 3,and the highway bridge contributes to confinement and straightening
downstream of this. The river makes two hard corners downstream of the bridge, and some erosion
and bank armouring has occurred along the second benbelow the bridge(located at the salmon
viewing platform). The insidecorner of the second bend is where the plugged intake of the off
channel is located. Fish habitat and cover sources armited along these bends when compared to
other areas of the river.

At qYl ¢qRYUW] Yedat wWeUl WEe GGY!I qrUN W
The main goal of restoration should align with the values of collaborators (residents, water
managers, fisheries managers, agricultural producersetc.) to maximize ecological, cultural, and

socioeconomic benefits (Fisheries and Oceans Canada, 2023). To achieve this, the goals of
restoration should be to:

1 Benefit fish habitat by considering the root causes (direct and indirect) of degradation.
9 Stabilize streambanks and limit loss of infrastructure.

9 Buffer against environmental change (flood and high flow, drought, wildfires) to create
ecosystem and community resilience.

1 Improve hydrology and water temperature (ex. shading and energy dissipating structures).

1 Be feasible (costeffective solutions that will provide the greatest benefit to ecosystems and
land managers).

9 Align values, strengthen relationships, and provide opportunities for collaboration.
1 Improve condition of species atrisk and culturally important species.
1 Employ selfsustaining solutions.

The fluvial landscape of the lower 4.2 km of Raft River is characterized by a meandering channel,
floodplain connectivity, a largely intact riparian corridor, and high value aquatic habitat that supports
several at risk salmonids and species of concernMany of the goaldisted abovecan be achievedby
protecting and restoringthe valuable ecosystems and communities the Raft River supports

Al RYIl RqRA¢ qRYUWY n WAt qYI ¢qRYU
The findings of the SHIM survey were used to identify potential restoraticites. Areas with high
guality fish habitat and/or elevated human impacts were prioritized for restorationThe lower 4.2 km
of the Raft River has limited disturbance along its streambanks, and healthy, continuous riparian
corridor. The economic, cultural, recreational, fisheries and ecological values supported by the river
make it an ideal candidate for protection. However, creating a protected area along the riverbanks
may be dificult, since the river flows through privately owned landsRestoration efforts should be
combined with outreach to residents local policy makers, and land managerdo ensure thatland
clearing does not impact the fragile ripariancommunity. Where possible, nhcentives and

opportunities to participate in conservation should beoffered to residents with lands bordering on
the channel. Specific ecommendations for restoration are outlined inTable9 below.
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Priority
Segment | Restoration Concerns Length of Impacted Area (m) Description
Site
Thissite is on the right bank of the Raft River,
just upstream of the confluence with the North
1 Site 1- Near Erosion, lack of 75 Thompson RiveAppendix:Figure12). Riparian
the Mouth | riparian vegetation vegetation has been cleared and the soil profile
is exposed and vulnerable to erosion and loss o
property (Appendix:Figure13).
o This site is onthe left bank of the river at the
_ Lack of riparan salmon viewing platform(Appendix: Figure 14)
Site 21 vegetation for Fish habitat in the form of cover is limited,
5 Near the streamside 155 possibly due to elevated velocities resulting
Viewing shading, limited from upstream confinement. Further, the bank
Platform fish habitat and and top of bank lack ripariarvegetation, which
cover features may contribute to the lack of cover and may
limit stream shading (Appendix:Figure15).
Over 600 m of constructed offchannel habitat
may no longer be functional and may contribute
Site 3T Raft | Infilling of intake, to fish stranqmg events and juvenile mortality
; o (Appendix:Figure16). A formal assessment
River limited ) X . I
2 o ~600 should investigate solutions to infilling of the
constructed | connectivity at low ; "
intake, and whether conditions(temperature
off-channel flows

and dissolved oxygenpecome lethal when the
off-channel becomes disconnected from the
mainstem.

Secwépemc Fisheries Commission

24



Adndl U

ARC Environmental Ltd. 1996. Raft River Watershed Draft Report. Available:
https://a100.gov.bc.ca/pub/acat/documents/r9023/raft wap 1996 draft 1169507753797 adedd?2
d07bb5479697e8de038b3b742f.pdf

British Columbia Ministry of Water, Land and Air Protection (BCMWLAP). 2004. Bull Tr&alyelinus
confluentus) in Accounts and Measures for Managing Identified Wildlife Accounts V. 2004.
Available: https://www.env.gov.bc.ca/wld/frpa/iwms/documents/Fish/f_bulltrout.pdf

Bjornn, T.C., and D.W. Reiser. 1991. Habitat requirements of salmonids in streams. American
Fisheries Society Special Publication 19: 8338

Cooperman, M.S., Hinch, S.G., Bennett, S., Quigley, J.T., Galbraith, R.V., Branton, M.A. 2006. Rapid
Assessment of the Effectiveness of Engineered Offhannel Habitats in the Southern Interior of
British Columbia for Coho Salmon Production. Fisheries and €®ans Canada. Available:
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/327522.pdf

COSEWIC. 2012. COSEWIC Assessment and Status Report on the Bull TBalvelinus confluentus
in Canada T 2012. Avalilable: https://www.canada.ca/en/environment -climate -
change/services/species-risk-public-registry/cosewic-assessments-status-reports/bull -trout-
2012/chapter-7.html#_03_1

COSEWIC. 2014. COSEWIC assessment and status report on the Rainbow TrOucorhynchus
mykiss in Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa. xi + 60 pp.
(Species at Risk Public Registry website)Available: https://www.canada.ca/en/environment -
climate -change/services/species-risk-public-registry/cosewic-assessments-status-
reports/rainbow-trout-2014.html

COSEWIC. 2015. COSEWIC assessment process, categories and guidelinesvailable:
https://www.canada.ca/content/dam/eccc/migration/cosewic -cosepac/94d0444d-369c-49ed-
ab86-ec00c3fef69b/assessment _process_and_criteria_e.pdf

COSEWIC. 2016. Coho salmonQncorhynchus kisutch) interior Fraser population: COSEWIC
assessment and status report 2016.Available: https://www.canada.ca/en/environment -climate -
change/services/species-risk-public-registry/cosewic-assessments-status-reports/coho-salmon-
interior-fraser-2016.html#_pre

COSEWIC. 2018. COSEWIC assessment and status report on the Chinook Saln@mcorhynchus
tshawytscha, Designatable Units in Southern British Columbia (Part OrreDesignatable Units with
no or low levels of artificial releases in the last 12 years), in Canada. Committee on the Status of
Endangered Wildlife in Canada. Ottawa. XXXi + 283 pp. Available:
http://www.registrelepsararegistry.gc.ca/default.asp?lang=en&n=24F7211B1

COSEWIC. 2020. COSEWIC assessment and status report on the Chinook Saln@mcorhynchus
tshawytscha, Designatable Units in Southern British Columbia (Part TwaDesignatable Units with
High Levels of Artificial Releases in the Last 12 Years), in Canada. Committee on the Status of
Endangered Wildlife in Canada. Ottawa. xxxv + 203 pp. (Species at risk palegistry).

25
Secweépemc Fisheries Commission


https://a100.gov.bc.ca/pub/acat/documents/r9023/raft_wap_1996_draft_1169507753797_a4edd2d07bb5479697e8de038b3b742f.pdf
https://a100.gov.bc.ca/pub/acat/documents/r9023/raft_wap_1996_draft_1169507753797_a4edd2d07bb5479697e8de038b3b742f.pdf
https://www.env.gov.bc.ca/wld/frpa/iwms/documents/Fish/f_bulltrout.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/327522.pdf
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/bull-trout-2012/chapter-7.html#_03_1
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/bull-trout-2012/chapter-7.html#_03_1
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/bull-trout-2012/chapter-7.html#_03_1
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/rainbow-trout-2014.html
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/rainbow-trout-2014.html
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/rainbow-trout-2014.html
https://www.canada.ca/content/dam/eccc/migration/cosewic-cosepac/94d0444d-369c-49ed-a586-ec00c3fef69b/assessment_process_and_criteria_e.pdf
https://www.canada.ca/content/dam/eccc/migration/cosewic-cosepac/94d0444d-369c-49ed-a586-ec00c3fef69b/assessment_process_and_criteria_e.pdf
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/coho-salmon-interior-fraser-2016.html#_pre
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/coho-salmon-interior-fraser-2016.html#_pre
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/coho-salmon-interior-fraser-2016.html#_pre
http://www.registrelepsararegistry.gc.ca/default.asp?lang=en&n=24F7211B-1

COSEWIC2020. COSEWIC assessment and status report on the Steelhead Trddmcorhynchus
mykiss (Thompson River and Chilcotin River populations) in Canada. Committee on the Status of
Endangered Wildlife in Canada. Ottawa. xvi 304 pp. (Species at Risk Public Registry website).
Available: https://www.canada.ca/en/environment -climate -change/services/species-risk-public-
registry/cosewic-assessments-status-reports/steelhead-trout-2020.html#toc2

Craig, S.D. 1997. Habitat conditions affecting bull troutSalvelinus confluentus, spawning areas
within the Yakima River basin, Washington. M.Sc. Thesis, Central Washington University. x + 74 p.

Decker, A.S., and J.R. Irvine. 2013. pOSEWIC assessment of Interior Fraser Coho Salmon
(Oncorhynchus kisutch). Canadian Science Advisory Secretariat Research Document 2013/121:
57p.

[DFO] Fisheries and Oceans Canada. 1995. Fraser River Pink. Fraser River Action Plan, Fishery
Management Group. Available: https://waves -vagues.dfompo.gc.ca/library-
bibliotheque/189621.pdf

[DFO] Fisheries and Oceans Canada. 2020. Recovery potential assessment for 11 Designatable
Units of Fraser River Chinook SalmonOnchorhychus tshawytcha Part 1: Elements 1 to 11.
Canadian Science Advisory Secretariat, Pacific Region Science Advisory Report 2020/02&ilable:
https://publications.gc.ca/collections/collection_2020/mpo -dfo/fs70-6/Fs70-6-2020-023-eng.pdf

[DFO] Fisheries and Oceans Canada. 2023. Southern Salmon Integrated Fisheries Management
Plan. 2023/2024. 232280: 639p.

[DFO] Fisheries and Oceans Canada. 2023. Framework to identify fish habitat restoration priorities.
Fish and Fish Habitat Protection ProgramAvailable: https://waves-vagues.dfo-mpo.gc.callibrary-
bibliotheque/41104602.pdf

?Rt ql REqW YnlW 90Wc¢cl scqlll W aYURUNW E#HG IJAmIBIEL b
https://www.districtofclearwater.com/wp -content/uploads/doc -files/Development-
Permits/Zoning-Forms-and-Guides/Schedule-A-Map-to-Zoning-Bylaw-133-1.pdf (Accessed 2024

06-0

Ecoscape Environmental Ltd. 202. Bessette Creek, Creighton Creek,, and DuteaCreek Sensitive
Habitat Inventory and Mapping and Aquatic Habitat Index. Availablehttps:/cmnbc.ca/wp -
content/uploads/2022/04/Bessette -Creighton-Duteau-SHIM-AHEFSFGFINAL _reportonly.pdf

Ecoscape Environmental Ltd. 2023. Louis Creek Sensitive Habitat Inventory and Mapping and
Aquatic Habitat Index. Available:hitps://cmnbc.ca/wp -content/uploads/2023/03/21 -3671-Louis-
Creek-SHIM-SFC_vAFinal-Draft.pdf

Grewe, P.M., N. Billington, and P.D.N. Hebert. 1990. Phylogenetic relationships among members of
Salvelinueinferred from mitochondrial DNA divergence. Can. J. Fish. Aquat. Sci. 47:9891.

Integrated Woods Services Ltd. 2002. Raft River watershed channel assessment. Available:
https://a100.gov.bc.ca/pub/acat/documents/r9025/raft_cap 2002 1171487025619 55ab40afb77
746bdbada8074acbd157c.pdf

26
Secweépemc Fisheries Commission

H LW


https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/steelhead-trout-2020.html#toc2
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry/cosewic-assessments-status-reports/steelhead-trout-2020.html#toc2
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/189621.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/189621.pdf
https://publications.gc.ca/collections/collection_2020/mpo-dfo/fs70-6/Fs70-6-2020-023-eng.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41104602.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41104602.pdf
https://www.districtofclearwater.com/wp-content/uploads/doc-files/Development-Permits/Zoning-Forms-and-Guides/Schedule-A-Map-to-Zoning-Bylaw-133-1.pdf
https://www.districtofclearwater.com/wp-content/uploads/doc-files/Development-Permits/Zoning-Forms-and-Guides/Schedule-A-Map-to-Zoning-Bylaw-133-1.pdf
https://cmnbc.ca/wp-content/uploads/2022/04/Bessette-Creighton-Duteau-SHIM-AHI-SFC-FINAL_report-only.pdf
https://cmnbc.ca/wp-content/uploads/2022/04/Bessette-Creighton-Duteau-SHIM-AHI-SFC-FINAL_report-only.pdf
https://cmnbc.ca/wp-content/uploads/2023/03/21-3671-Louis-Creek-SHIM-SFC_vA-Final-Draft.pdf
https://cmnbc.ca/wp-content/uploads/2023/03/21-3671-Louis-Creek-SHIM-SFC_vA-Final-Draft.pdf
https://a100.gov.bc.ca/pub/acat/documents/r9025/raft_cap_2002_1171487025619_55ab40afb77746bdbada8074acbd157c.pdf
https://a100.gov.bc.ca/pub/acat/documents/r9025/raft_cap_2002_1171487025619_55ab40afb77746bdbada8074acbd157c.pdf

Mason, B., and R. Knight. 2001. Sensitive Habitat Inventory and Mapping. Community Mapping
Network, Vancouver, British Columbia. 315pp + viii. M. Johannes, Editor.

Nakano, S., K.D. Fausch, T. Furukaw&anaka, K. Maekawa, and H. Kawanabe. 1992. Resource
utilization by Bull Char and Cutthroat Trout in a mountain stream in Montan&].S.A. Japanese
Journal of Ichthyology 39:211216.

Nelitz, M., M. Porter, E. Parkinson, K. Wieckowski, D. Marmorek, K. Bryan, A. Hall and D. Abraham.
2011. Evaluating the status of Fraser River sockeye salmon and role of freshwater ecology in their
decline. ESSA Technologies Ltd. Cohen Commission Techniddeport 3. Vancouver, BC. 222 pp.

Pacific Salmon Explorer [Internet]. c2024. Pacific Salmon Foundation; Fraser River Salmon.
Available: https://www.salmonexplorer.ca/#!/pop=BENCHMARK_STATUS&pegetail=1 (Accessed
2024-03-22)

Phillips, R.B., S.A. Manley, and T.J. Daniels. 1994. Systematics of the salmonid ge@advelinus
inferred from ribosomal DNA sequences. Can. J. Fish. Aquat. Sci. 51:1284.

Roberge, M., J.M.B. Hume, C.K. Minns, and T. Slaney. 2002. Life history characteristics of freshwater
fishes occurring in British Columbia and the Yukon, with major emphasis on stream habitat
characteristics. Fisheries and Oceans Canada. Marina Environmeat and Habitat Science Division.
Canadian Manuscript Report of Fisheries and Aquatic Sciences 2611.

Ruggerone G.T., Springer A M., van Vliet G.B., Connors, B., Irvine, J. R.,Shaul, L. D, Sloat, M. R,
Atlas, W. I. 2023. From diatoms to killer whales: impacts of pink salmon on North Pacific
ecosystems. Mar Ecol Prog Ser 719:40. https://doi.org/10.3354/meps14402

Stewart, D.B., N.J. Mochnacz, C.D. Sawatzky, T.J. Carmichael, and J.D. Reist. 2007. Fish life history
and habitat use in the Northwest Territories: Bull TroutSalvelinus confluentus). Canadian Data
Reports of Fisheries and Aquatic Scienceblo. 2801. Central and Arctic Region, Fisheries and
Oceans Canada, Winnipeg, Manitoba. 4@p.

Weaver, T.M. and R.G. White. 1985. Coal Creek fisheries monitoring study, No. Ill. Final report.
Montana Cooperative Fisheries Research Unit, Boseman, Montana. 94 p.

27
Secweépemc Fisheries Commission


https://www.salmonexplorer.ca/#!/pop=BENCHMARK_STATUS&pop-detail=1
https://doi.org/10.3354/meps14402

GGUUAIRRYU Rq! WAt qYIl ¢ qRYULWEF

28
Secweépemc Fisheries Commission



-119°59'38" -119°59'36" -119°59'34" -119°59'32" -119°59'30" -119°59'28" -119°59'26" -119°59'24" -119°59'22" -119°59'20" -119°59'18" -119°59'16" -119°59'14" -119°59'12"

Site Notes: This site is located at the confluence with the North
Thompson River. It is highly sinuous with a healthy, wide, riparian
corridor. One small stretch approximately 75 m long on the right bank
is unvegetated and could benefit from riparian planting.

Priority: Planting efforts would help stabilizing the exposed bank,
limiting potential erosion and loss of land, increasing stream shading,
and providing cover and nutrient input to the stream.

Riparian planting techniques could
include seeding, staking, and fascines.
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Figure 12. Priority Restoration Site Identified in the 2023 SHIM surveis located nearthe confluence with
the North Thompson River.
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Figure 13. A long, exposed bank is at risk of erosion and potentially the loss of larlft). A small access point for a water withdrawal is located not f:
upstream (right).
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Site Notes: This site is located at the Raft River Viewing Park
salmon platform. Steep banks with limited riparian vegetation
occur on the left bank of the river. This stretch of the river has
relatively few fish habitat cover features when compared to the
rest of Raft River.
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Priority should be to stabilize exposed banks, limiting potential
erosion and loss of land, increasing stream shading, and
providing cover and nutrient input to the stream. Woody debris
additions could also provide valuable sources of cover for
resident and migrant salmonids.
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Riparian planting techniques could include
seeding, staking, and fascines. Additions of
woody debris would provide sources of
cover, and increase the hydraulic complexity
of the potential restoration site.
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Figure 14. Priority Restoration Site 2 includes the area surrounding the salmon viewing platform. It extends
roughly 155 m along the left bank.
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Figure 15. The riparian vegetation at the salmon viewing platform is limited to mainly grasses ar
sparse shrubs. Balancingviewing opportunities with riparian and stream health should be priority
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