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1. Introduction

The Friends of Cottle Creek (FOGQE a local streamkeeper goup comprised of volunteers

who came together(as a committee of the Nanaimo and Area Land Trust NALT)in 2024

to promote a better understanding of the health of the creek andts supporting ecosystems.

The FOCC sought funding fromth@ ACET T AT $EOOOEAO 1T £ .SAddAEI 180 j 2
Funding to undertakeanA O OA OOI AT O T £ OEA AOAAE&UManDEUOEAAIT Al
Salmonid Habitat Program(USHP)assessmentnethodology (Michalski, Reid & Stewart,

2001). The BC Conservation Foundation (BCCF) wasntracted to provide professional

guidance and support for the projectThis report summarizesthe in-stream habitatand

riparian conditions observedin Cottle Creekin Augustand Septemberof 2025.

This USHPreport has benefited from angoing fish population monitoring and stream
hydrology monitoring projects undertaken by the FDXCCand partner organizationsover the
past year. The report haintegrated thesedata to assist in providing recommendationgor
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2. Study Area & Background

Cottle Creekis located in the City of Nanaimg lying between Departure Creek to the west
and Walley Creek to the northThe creek is a5.5 km longthird order stream and is the
primary watercourse in the Linley Valley.Its drainage areais 486 hectares, of which40% of
its catchmentis undevelopedsecond and third growthCoastal Douglas Fir forestsThe
dominant land tenures are owned by the Cityl(inley Valley Cottle Lake Park, Lost Lake
Park), andthe Province ofBC(District Lot 56; Fig. 1).

The confirmed salmonidbearing portion of the stream runs approximately 2.5 km from
Cottle Lake to Departure Bay, and includdake and streamresident Coastal Cutthroat Trout

(Oncorhynchus clarkii clarkiE AOAA £O0AO O##46Q8 ! PDPEUOEAAI AAOOEA
in Departure Bay has made Cottle Creek inaccessable to anadromous populations of Pacific
3ATTT1T1T8 (1T xAOGAOh A OxElI A6 DI bOI AGETT 1T £ OAOGEAAT (

watershed. There are no (Provincial) records of fish being stockediCottle Creek

The limited development within the watershed boundary and unique biophyical features
of the stream (e.g., singularly supporting CCT) make the Linley Valley/Cottle Creek a aife
a-kind watershed in the City. Thesecircumstancespresentan opportunity to use the
resident CCT asndicators of watershed health, with their persistence and relative
abundance in the watershed being a valuable tool to monitor the health of the stream.

Cottle Creek originates from atormwater detention pond that was a wetland prior to the

00001 01T AET ¢ 1T AT A AAETI ¢ OOAAEOEAAA ET O OEITCI A A&
Surrounding municipal drains are directed to Brookwood Pond at 5740 Brookwood Dre.

The pond has a controlled outlet that discharges into a storm drain that runs under

Brookwood Drive before daylighting into an open channel in Linley Park behind Cotiliew

Drive. The creek then flows into a marsh behind residences along Pacific Edge VWagn



through several large properies running south adjacent to Arrowsmith Road. At Landalt
Road, the creek flows into a 20m long x 4m wide culvert that appears impassable to
salmonids at this time (P. Law perscomm., August, 2025.

Despite Cottle Lake being fistbearing,two of the three tributaries that flow into it are
assumedto be non-fish bearing, as the channelappear ephemeral(dry in the summer
months). One tributary enters the lake from the west through a series of wetlands that drain
Linley Valley Cottle Lake Park. A second triltary drains from a series of wetlands in the
Rock City Road area, and a thirdibutary (North Cottle Creek) enters the lake from the

north, originating at Lost Lake Young-of-the-year CCThave been observed irthis tributary
near where it flows into the lake
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Figure 1. Cottle Creek Watershed Map (City of Nanaimo , 2025).
Past Studies in the Watershed

Cottle Creek and the surrounding Linleyalley hase beensubject to a number of
Environmental reports over the past 35 yearsincluding:

1 A Fish and FistHabitat Assessmentundertaken to develop the Miller Farmat 3335
Hammond Bay Foad (Aquaterra, 2002).



1 Water quality and benthic invertebrate monitoring by Vancouver Island University
(VIU RMOT 306 Environmental Monitoring Reports2012-2023).

1 A biophysical inventory of Linley Valley for City of Nanaimo Parks (Environmental
Dynamics Inc, 2017).

1 A stormwater analysis of the Cottle Creek watershed for the City of Nanaimo
Engineering (Ker Wood Lddal & Assodates, 2021)

Although these reports do provide a better understanding of the ecological condition of the

x AOAOOEAAR OEAU AOA T &£ 1 EIi EOAA OOA ET O1 AROOOAT /
aquatic ecosystems.

Developing a Watershed Health Monitoring Strategy

Beginning in the fall of 2024, the FOCC developed a monitoring strategy to better

O1 AAOOOOAT A OEA AET OEA AT A AAET OEA EAAOT OO OEAOD
conditions. Previous and ongoingassessments inlude:

Fish presence and distribution

Stream flow monitoring

Water quality
Riparian health

hPwonNPE

Details of each project are outlined below

Fish Presence & Distribution

In August 2024 NALT launched a Coastal Cutthroat Trout Assessment and Monitoring
Project with support from the Freshwater Fisheries Society of BC (Victoria). The project is a
collaborative, community-driven initiative aimed at generating essential longterm data on
the presence and distribution of CCTin Nanaimo area streams and rivers
(https://nalt.bc.ca/cutthroat -trout/ ). As part of this project, the FOCC have performed
sampling for CCT on multiple occasions between October, 2024 and July, 202&ottle
Creek, yielding 36 CCT ranging from 6165 mm fork length (Table 1& Fig.2 in appendix).

Stream FlowMonitoring

The FOCC have been monitoring flows in Cottle Creek sir®eptember2024 as part of

"##8&60 #1011 01 EOU &1 1 x - 11 EqhittesEhwg.cimdvieni/ O.E | #&- .
The project is a partnership between BCCF and the provincilslinistry of Environment and

Parks that aidsstewardship groups in the collection, verificationand analysis of flow data
(https://aqgrt.nrs.gov.bc.ca/). The prime objective for Cottle Creekis to better understand

the hydrology of the watershed.

Water Quality Monitoring

The Departure Creek Streamkeepers have partnered with the RBiMce 2012to monitor a
suite of surface water paameters at three locationson Cottle Geek (Province of BCEMS
Sites E290473, E290475:309186). Thesedata are used to assess trends in water quality.


https://nalt.bc.ca/cutthroat-trout/
https://www.cfmnvi.com/
https://aqrt.nrs.gov.bc.ca/

Riparian Health

In the spring of 2025 the FOCC began a field assessment of riparian zones along the creek
with funding support from the City of Nanaimo,using a Province of BC Forest and Range
Evaluation Program field assessment protocdiBC Ministry of Forests, 202h Theobjective

of this riparian survey is to determinethe extent that historical logging andcurrent land use
in the watershed has affectegtream health

Coastal Cutthroat Trout as a Sentinel Species of Watershed Health

CCThave beerdesignatedA bi@-1 EOOAA6 OPAAEAO AU OEA " OEOEOE #I1
Environment & Parksin the BC Provincial Vertebrate Animal Tracking LisfBC CDC, 2025

This designationmeansCCTare classified as a provincial speciecs £ OOPAAEAIT Ai 1 AAOI
001 T AOAAT A O A @0 HwW bhdrbibldgy dndiife Aigidties thdk @dkd T 6 h

them particularly sensitive to human activities or naturalclimactic events(Cannings and

Ptolemy, 1998; Costello, 200§.

The Cottle Creek watershed supports both streanand lake-dwelling CCTthat are assumed
01 AA AEIOA O@@HQABuUk b an absence of provinciatocking records and fish
barriers preventing anadromous passage his population has presumaby never been
exposed to hybridization with hatcheryorigin or other wild trout. The native CCThave
likely evolved over thousands of years to adapt to specific ecological conditiossich as
water temperature and chemistry, as well asnatural food availability, in this comparatively
small Vancouver Island watershed.

T

Figure 2. CCTin Reach 3 of Cottle Creek, July 16, 2025.
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Cottle CreekCCThave never faced competition from salmon species likéoho

(Oncorhynchus kisutch which have historically occupied neighbouring streamsncluding

Walley and Departure creeksConsequently, professional biologists view Cottle CredBCT

as a key element of local biodiversity that merit protection and enhanced stewardship as

the city continues to grow in future years.

On the east coast of Vancouver Island (and elsewhere), mampan streamshave been
frequently channelized, altered hydrologicallyand are intermittently subject to
contamination from releases of harmful pollutants via stormwater drainage systems.
Additionally, many were historically logged to their banks, thereby losing supplies of large
woody debris from the lack ofold growth coniferous trees.In some casesyrban streams
have also been managely municipalities exclusively for drainage capacitywithout
concern foraquatic habitat values. That saida compelling case camow be made that
healthy, small streamssupporting wild CCTpopulations aredesirable community assets,
contributing to healthy human environmens (Slaney and Robert2005).

CCTcanserve as a sentinel species for urban watershed health due to their widespread
distribution and long-term residence in streams like Cottle CreekThey are sensitive to
water chemistry, temperature, flow and cover, making themeffective indicators of
watershed quality and health(Slaney and Roberts2005).

3. Methods

Defining Reaches
This survey was focused on the fish bearing segments of Cottle Cresdach descriptions
and lengthsare outlined in Table 1

The USHPassessmenteacheswere finalized in the field prior to the field survey. Reach
breaks were determined by continuity of habitat, channel morphologyand riparian
characteristics.

Table 1. USHP surveyed reach lengths and descriptions .

Reach | Length (m) Description

Tidewater to Stephenson Bint Road culvert. Tidewater to concrete weir
(~150 m) not surveyed. Cascade/pool morphology. Bedrock/boulder

1 31 dominant narrow ravine between private properties. Many fish barriers.
Pool downstream of culvert has confirmed CCT presence.
Stephenson Bint Road culvert to Hammond Bay Rad culvert. Channel
5 535 spanning concrete damat mid-point is complete barrier. Mix of park,

commercial, and private land use. Walking trails and sewer maiorisscross
stream for entire reach.

OEA



Hammond Bay Rad to culvert at 200 Linley Rvad. Pool/riffle morphology.
3 658 Channel runs through private property with exception of Cottle Creek Park.
(EOCOT OEAAT O-EI 1 AO &AOIi o6 11 AAQEIT I
4 457 200 Linley Drive culvert to 1staluminum pedestrian bridge on Linley Valley
trail. Mostly on private land of 200 Linley Dr.
1staluminum bridge to 2vd aluminum bridge on Linley Valley Trail. Channel
5 651 ; L : . : ) . 4
is mainly in steep ravine withwalking trail following above right bank.
6 242 2nd gluminum bridge on Linley Valley Trail tobeaverdam atoutlet of Cottle
Lake.Entirely within Linley Valley Park
Lowest24 m of North Cottle Creek. Ephemeral tributary of Cottle Lake that
7 24 flows from Lost Lake.Containsknown spawning habitatof lake resident
CCT
Inflow of Cottle Lake to Landalt Rad culvert. Mainly on private property.
8 380 : : )
First ~120 m inaccessible wetland not surveyed.

Cottle Creek Watershed §
Summer 2025 USHP Surveyed Reaches

Reach 7.4

®(,< tie Lake
‘Reach 8 olEjEs P ¢

Reach'6

Stream and Riparian Survey Methods

The stream habitat assessment was conducted using an assessment methodology developed
by the Province of BCNlichalski, Reid & Stewart, 200) The methodology involves

collecting stream habitat data that can then be compared to provincial standards for

juvenile salmonid habitat(Johngon & Slaney, 1996.

In-stream habitat and riparian zone metrics were recorded for each discrete habitat unit
(specifically pools andriffles) as outlined in the Vancouver IslandUSHPManual (Michalski,



Reid & Stewart2001). Data was collected on up to 2&lementsper habitat unit (Appendix
Fig. 1). Each unit was given a consecutive placemark number, starting at the beginning of
each reach. The start of each unit was marked in the field with flagging tape. The date and
placement numberwere recorded on the tape andattached tovegetation beside the site.
Habitat measurements were taken using the following tools:

Handheld Suuntoclinometer

Hip chain

30 m tape measure

2 m wading staffs markedn 5 cm increments
Rangefinder

= =4 =4 —a A

i1 AOI OAOOO AT AT O1 OA rhWPassdg® AssedsDEnPaOtikeitedOOET ¢ OE /
Sites: Rapid Field Measurements to Determine the Likelihood of a Barrier to Fish Passage

assessment method (WLRS, 2021). Culvert length, embeddedness, s|apel diameter were

recorded in the field anda numeric score to determine likelihood of fish passage was

calculated after the survey.

Georeferenced placemarks and photographs for habitat units were measured and recorded
using Avenza Maps (Avenza Systems Inc., Ontario) with an integrateBFschema (Clough,
2016), using mapping provided by GIS staff from the RDN.

Water quality parameters (temperature, pH, dissolved oxygen, total dissolved solidand
conductivity) were recorded at representative sites within each reach on Septembeh8
2025 using a YSI Pro 2030 meter (Xylem Inc., Washington DC, U8A)l compared to the BC
Approved Water Quality Guidelines for Aquatic Life, Wildlife & Agriculture (WLRS, 2025).

Upon completion of the survey, data was exported in both .csv and .kml file formats to allow

for data analysis using the USHP Excel program, and mapping in Google Earth Pro. All data

points recorded in the field were transferred to the USHP excel spreadsttewhich is pre-

DOl COAiI I AA xEOE & Oi 01 A6 AT A 1T AAOT O OEAO AAI AOI ¢/
parameters recorded. Each habitat parameter within each discrete habitat unit builds an

aggregate score for each habitat parameter within each reach, whighdisplayed as a rating

of 1 (good), 3 (fair), or 5 (poor). This method allowed a numeric summary and comparison

of Cottle Creek to the biostandards of a healthy streabased on JohnonQ 31 AT AU O &EOE
Habitat Assessment Procedures (1996). A summary table of habitat parameter ratings was

produced for each reach, to aid in identifying restoration opportunities.

4. Resuls

Thefield survey was conducted over ninaglaysbetween August 7#h and September 8, 2025.
Training of volunteers inthe field survey techniques occurred athe beginning of the
project and was led by Tyler Vélsh (NALT fiskeries technician). Thesurvey was led by Joe
Clark (BCCH-isheries Technician) and assisted byFOCC volunteers (Craig Wightman,
Maggie Estok, Judy Wicklandnd Peter Law).

10



Resulis for each reach are broken intdfish habitatand @parian §which include a summary
of condition, theassociated USHP rating table, photographand areach map with points of
interest. Restoration opportunities by reachand a summary table of restoration
opportunities (Table 19) are foundin the Discussion

At the time ofthis assessment Cottle Creek was in a summer lovifow condition with an
averagedischargeof 2.1 L/s across the survey period (Augist 7 September, 2025),which is
1.06 % of mean annual discharger MAD (i.e.,preliminary MAD estimate of 199 L/s from

Ally Wall, BCCPDec. 8, 202%. In total, 192 habitat units were recordedduring the
assessmentThe creek had an average wetted width of 1.9 m and an average channel width
of 4.9 m. The averageercentwetted area was 34.2. A total of 95 pools and 97 riffles were
measured across the 8 reaches. A total of 37 pools with an average depth >20veene
identified. Large Woody Debris (LWD) and undercut banks were the dominant cover types
in pools (51 % & 35 %, respectively). The total area of cover within pools >20 cm average
depth made up 7.9 % of thdotal wetted area of the stream.

Reach 1

Cottle Creeld Reachl is approximately 120 m long and runs from tidewater in Departure
Bay to the Stephenson Point Road culvefFig. 5). A total of three habitat units were
recorded in the first 30 m of Reachone. A concrete weir (Fig. 6a), 30 m downstream of the
Stephenson Bint Road culvert, marked the endpoint of the surveyed area ifReachl, as the
area downstream contains bedrock falls and is aimpassible barrier for fish. Fish presence
has been confirmed by minnow trapping in the pool directly downstream of the culvert by
the FOCC, hencdés inclusion in this survey.

The reach runsin aforested ravine ~20 m wide between two private propertieson

Stephenson Bint Road. The creekhas an average wetted width of 2.2 m and average

channel width of 5.2 min this reach.Due to the limited access fish havenly two pools and
oneriffle were measured upstream of the concrete weitfield survey terminus). Habitat and

water quality ratings are foundin Table 2andriparian ratings are shown inTable 3. Mean

scores for fish habitat, water qualityand riparian zone inReachlx AOA Al 1 OEAEOG

The Stephenson Bint Road culvert (Figure 6¢) is a corrugated steel pipe witha 2 m
diameter that runs 17 m long at a 3% gradient. The culvert scored 3iing the rapid
assessmenimethod, which classifies it as a fish barrier at all flowgWLRS, 2021)

11



Table 2. Reach1 fish habitat and water quality resultsand ratings.Results are an
aggregate score calculated from the habitat parameters recorded during this
assessment.

Habitat Parameter Result | Rating | Result
% Pool Area 55 3 Fair
Large Woody Debris/Bankfull
Channel Width 0 5 Poor
% Cover in Pools 10 3 Fair
Average% Boulder Cover 7 5 Poor
Average % Fines 20 3 Fair
Average % Gravel 13 not rated | not rated
% of Reach Eroded 0 1 Good
Obstructions 2 2 Fair
% of Reach Altered 0 1 Good
% Wetted Area 53 5 Poor
Dissolved Oxygen 9.37 1 Good
pH 7.35 1 Good

Table 3.Reachlriparian results and ratings. Results are an aggregate score calculated
from the habitat parameters recorded during this assessment

Riparian Ratings | Result Rating Result
Land Use 20 3 Fair
Riparian Slope 8 1 Good
Bank Stability 14 2 Eair
0
% Crown Cover 77 1 Good
% of Reach
Accessed 16 3 Fair
Average
Vegetation Depth 12 5 Poor

Within th e reach, thesehabitat characteristicswere O A O @o8dd Q

1 Water quality : Although rated high duringthe survey, there is aconnectingstreet
storm drain that discharges runofffrom Stephenson Bint Road on left bank, which
is a point source of the tire toxicant 6PPD-Quinone.

12



1 Erosion: Very little erosion was notedlikely due to high flow events being buffered
by the large pool at the outfall of the Stephensondit Road culvert and the
dominance of bedrock.

1 Crown Cover: The narrow and forested ravine that containfReachl1 has a mixed
canopy of maturered alder (Alnus rubrg), arbutus (Arbutus menzies)i, and Douglas
fir (Pseudotsuga menziegjioffering yearround shade to the majority of the reach.

Within the reach, thesehabitat characteristicswere OA OB A O d,

1 Large Woody Debris & Boulder Cover : No LWD was found; however, some large
boulders provided coverin pools. An undercut bankhas been createdn the pool
immediately downstream of the Stephenson &int Road culvert.

1 Vegetation Depth : Reachl is surrounded by a narrow band of forest that borders
two private properties at 3250 & 3258 Stephenson &int Road with an average
width of 10 m on both banks.

13
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Figure 6. Reach1 photos.

c) Stephenson PoinRoadculvert and pool



Reach 2
Reach?2 of Cottle Creek runs 535 m from Stephenson Point Road to Hammond Bay Road

(Fig.7).

A total of 32 habitat units were recorded in the reachrlhe first ~150 m of Reach2 runs
adjacentto Stephenson Point Pdt on left bank with aprivate daycare and federal
government storage yard near the right bank. The streammas an averagegradient of 3.3%.
Substrate was mostlycobbles (29%)and boulders (19%), and riffleswere the dominant
habitat type (53%). The average wetted width was 2.14 m and the average bankfull width
was 5.20 mA total of 16 pools were recorded in the reach, wittd of those averaging a
depth >20 cm. Undercut banks were the dominant cover type in pools, making up 75%.

A municipal sewer lineruns along thestream bank foralmostthe entirety of Reach2,
crossing underneath the streanwithin the park. At several points along the reach there are
banks armouredwith boulders and concretewalls to protect the pipe from erosion A
narrow walking trail used by localdollows the stream for the entire length of the reach. A
channelspanning concrete dam (10.5 m x 2.5 m) marks the migoint of the reach(Figure
8a). Upstream of thedam, the stream has a lower gradient and flowshtough five private
properties until reachingHammond Bay Rad. A flow monitoring station was installed ata
driveway culvert (Fig.8d)ET ¢m¢t AO &MRNO T £ " ##&60

Reach2 fish habitat was highly fragmented, with seven obstructions observedte mostin
all surveyed reaches). CCT were only observed above the concrete dam during the survey of
Reach2.

Habitat rating for this reach was fair to poor (Table 3 andthe average riparian rating was
fair (Table 5. Despite part of the reach flowing through municipal park, the reach is heavily
altered (17%) due to bank armoring for municipal infrastructure, informal public access
trails, road crossings, angncroachment ofprivate property lawns.

The private property driveway culvert is a 2 m diameter corrugated steel pipe that is 10 m
long at a 2 % gradient. The culvert scored 18sing the rapid assessment methodlassifying
it as likely afish barrier at all flows (WLRS, 2021).

The Hammond Bay Bad Culvert is 2 m in diameter, 20 m long at a 1% slope. The culvert
scored 20using the rapid assessment methodlassifyingit asallikely fish barrier at all
flows (WLRS, 2021)

16



Table 4. Reach2 fish habitat and water quality resultsand ratings. Results are an
aggregate score calculated from the habitat parameters recorded during this
assessment.

Habitat Parameter Result Rating Result
% Pool Area 47 3 Fair
Large Woody Debris/Bankfull

Channel Width 0.3 5 Poor

% Cover in Pools 10 3 Fair
Average% Boulder Cover > 5 Poor
Average % Fines 20 5 Poor

Average % Gravel 16 not rated | not rated

% of Reach Eroded 39 5 Poor
Obstructions 7 7 Poor

% of Reach Altered 17 5 Poor

% Wetted Area a1 5 Poor
Dissolved Oxygen 9.09 1 Good

PH 6.16 3 Fair

Table 5. Reach2 riparian results and ratings. Results are an aggregate score
calculated from the habitat parameters recorded during this assessment

Riparian Ratings | Result Rating Result
Land Use 152 2 Fair
Riparian Slope 82 1 Good
Bank Stability 179 3 Fair
0,
% Crown Cover 76 1 Good
% of Reach
Accessed 36 5 Poor
Average
Vegetation Depth 20 5 Poor




Within Reach2, thesehabitat characteristicswere OAOAA 6 @' 1T 1T A

1 Water Quality: All water quality parameters recorded were within the British
Columbia Approved Water Quality Guidelines for Aquatic Life, Wildlife & Agriculture
(WLRS, 2025)

1 Crown Cover: Forestcanopyin Stephenson Point Parks made up mostly ofred
cedar (Thuja plicata) and Dougladir, which provide year-round cover to the stream.
Properties bordering Hammond Bay Rad have a dominant canopy adbigleaf maple
(Acer macrophylum) trees, whose leaves drop in the fall months exposing the creek
to some winter sunlight.

Within Reach?, these habitat characteristics wereated O0 1 | O 6 d,

1 Large Woody Debris: Natural recruitment of LWD is limited in the section oReach
2 downstream of the concrete dam, asoody debris has accumulatedabove the
dam. Efforts by City crews to maintain sewer infrastructure and road culvertsnay
also play a role in the lack of LWD observed ihis reach.

1 Boulder Cover & Fines: Although boulders were present many were above the
wetted stream edge at the time of survey, or were embedded in fines. Most boulders
observed in the stream appeared to be pieces of H@ap that have been placed to
protect banks, especially near Hammond Bayd&d.

1 Erosion: Nearly 40% of the stream channel showd signs of erosion Debris from
recent flood events were noted in the riparian zonas high as 3 m abovthe current
wetted edge an indication ofpossiblehigh storm flows in the stream.

f Obstructions: This reach is dominated by bedrock outcrops thagncourageA OO OA D
Pl 1106 11 @d& &dates vélddity obstructions like small chutes that juvenile
fish will have difficulty navigating. A channel spanning dam is thmost significant of
the human-made obstructions! OAAOAE 1T &£ "#80 )-10 £ O A bOI
associated with the structure was not successfuDther obstructions include a
concrete sill, a corrugated steel culvert under a private driveway, and the Hammond
Bay Road culvert. These four sites create barriers to fish movement.

1 Alterations: Reach2 has been heavily altered, mainly by bank armoring (riggap
and concrete) associated with protecting a municipal sewer line and the two
culverts at the upper end of the reach. Private property lawnsncroachon the
stream edge for theupper ~100 m of the reach as well.

9 Access:Almost the entire reach is accessible via a narrow trail that begins at
Stephenson Point Park and follows the stream until entering the baghrd of private
property at 3232 Hammond Bay Rad. Use of this trail by localswas observed
frequently during the survey. Right bank access from a daycare facility on
Stephenson Bint Road is also an issue, as the creek was observed as an active play
area for the daycare children.

1 Vegetation Depth: Vegetationdepth on the left bank averaged 12 m and never
exceeded 20 m due tdhe extent ofcommercial and residential developmentRight
bank vegetation depth averaged 28 mMature trees are present on both banks for
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the entire reach, but it was noted that the shrub layer and understory were thin,
especially in the area of Stephenson Point Park.
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Figure 7. Cottle Creek Reach 2 survey map.




Figure 8. Reach2 photos.

b) Channel spanning concrete sill c) Erosion area near daycareaccess



e) Outlet of Hammond Bay Bad culvert

f) Riffle in upper portion of Reach2
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Reach 3
Reach3 runs 658 m from the upstream end of the Hammond Baydad to the culvert in the
vacant lot at200 Linley Rd. (Fig.9).

A total of 41 habitat units were recorded in the reachThe gradient ofReach3 averaged 13
% with gravel (50%) andfines (34 %) dominating the substrate.A total of 22 pools were
recorded in the reach, with8 having anaverage depth >20 cm. Undercut banks and LWD
were the dominant cover types in pools (43 % & 40 %, respectively). The average wetted
width was 1.98 m and the average bankfull width was 4.61 m.

Directly upstream ofHammond Bay Poad the stream runs in asteep, riprap -confined ravine
between private properties (Fig. 10a) until opening into a wider floodplain as it flows
through Cottle CreekPark. The channel has been ditched for the entire length thfe park,
leaving a mostly straight channel dominated by low gradient glide habitgfig. 10b). This
may be remnants of the small farm that was subdivided for housing in 2000 (Aquaterra,
2002). Iron oxidizing bacteria was observed blanketing the stream betthroughout this
area. This surveyencountereda Cityof Nanaimopublic works project underway to remove
sediments from a multiplate culvert at Nottingham Rad. Riparian vegetation had been
removed in this area to facilitate machinery access for culvert maintenance.

Upstream ofCottle CreekPark, the stream regains its meander as it flows adjacent to
private property backyards on Miller Farm Road and Linley Road. This area was historically
a cattle farm and signs of alterations associated with the historical land use were observed,
such as cemernfilled tires used as bank revetmentgFig. 10d), and old fence posts and wire
in the riparian zone. A 10 m x 40 nstormwater detention pond on the left bank is present
near USHP placemark 66 that was not connected tioe streal & SDrface flow at the time of
survey. Surveyorshave observed both CCT angumpkinseedsunfish (Lepomis gbobosu$
usingthe pond habitat. Upstream of the backyard at@6 Linley Road, the stream begins to
flow through a 17.8acre undeveloped privatelot. Here, the stream and riparian zone are
mostly naturalized with some historical sign of disturbance (old gravel pit)A popular trail
leading to Cottle Lake Park begins at the end of the road righf-way (private lot at 200
Linley Road). The pool created by a large cement culvert with wingwalls marks the end of
Reach3.

The concreteculvert at the end ofReach3is 1.8 m in diameter, 17.5 m longand has a 0.5%
gradient. At low flows the culvert outlet is perched 0.25 m above the outlet pool. The culvert
scored21 using the rapid assessment methodnd islikely afish barrier at all flows (WLRS,
2021).

Habitat rating for Reach3 ranged from fair to poor (Table6) and riparian conditions were
rated fair (Table 7). Reach3 was the most altered (19%) of all srveyed reaches, as it was
originally channelized for farm lands and remains so today to accommodatesidential
housing development.
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Table 6. Reach3 fish habitat and water quality resultsand ratings. Results are an
aggregate score calculated from the habitat parameters recorded during this
assessment.

Habitat Parameter Result Rating Result
% Pool Area 75 1 Good
Large Woody Debris/Bankfull
Channel Width 0.2 5 Poor
% Cover in Pools 10 3 Fair
Average% Boulder Cover 0 5 Poor
Average % Fines 34 5 Poor
Average % Gravel 50 not rated | not rated
% of Reach Eroded 22 5 Poor
Obstructions 2 2 Fair
% of Reach Altered 19 5 Poor
% Wetted Area 43 5 Poor
Dissolved Oxygen 913 1 Good
PH 6.58 1 Good

Table 7. Reach3 riparian results and ratings. Results are an aggregate score
calculated from the habitat parameters recorded during this assessment

Riparian Ratings | Result Rating Result
Land Use 143 2 Fair
Riparian Slope 86 1 Good
Bank Stability 196 2 Fair
0
% Crown Cover 77 1 Good
% of Reach
Accessed 8 3 Fair
Average
Vegetation Depth 25 5 Poor




Within Reach3, these tabitat characteristicswere OAOAA 6 @' 1T 1T A

1

Percent Pool Area: A total of 22 pools were recorded inReach3, making up 75% of
the wetted area. The average gradiens 1.3 %, which is the flattest reach of the
entire stream. The low gradientexplains thedominanceof pool/glide habitat.

Water Quality : All water quality parameters recorded were within the British
Columbia Approved Water Quality Guidelines for Aquatic Life, Wildlife & Agriculture
(WLRS, 2025)Directly upstream and downstream of the Nottingham Dive culvert
had little cover from direct sunlight. Hevated water temperatures were recorded
here at the time of survey 18-19°C). Groundwater is suspected to enter the creek in
this area, providing a doubling of flows during the low flow time period (midAugust
to mid-September).

Crown Cover: Theriparian canopy is dominated byred alder, red cedar, Douglas fir,
and bigleaf Maple.

Within Reach3, these habitat characteristicswere O A O BoArd )

1

Large Woody Debris: Historic land use issues and subdivision of lands into housing
havelimited natural LWD recruitment due to active vegetation management by
private property owners and park maintenance. At the time of survey, City of
Nanaimo crews were clearing trees from the riparian zone to facilitate machine
access for Nottingham Dive culvert maintenance.

Boulder Cover & Fines: Boulders made up 4 % of the substrates iReach3. All
boulders present were embedded in fines and not able to provide cover for fish.
Erosion: Erosion was noted on bolh streambanks, often present on the outside of a
meander. In many places, bare eroded banks extendeddl2 m vertically from the
wetted edge, an indication of the intensity of storm flows the creek experiences.
Alterations: Reach3 was the most heavily altered of all surveyed reaches (19%).
Many alterations were attributed to historical land use in the area (cattle farming),
such as tractor tiresand cementused as bank stabilization, a wooden footbridge
and old fence postsAlterations (vegetation removal, path construction)made
within Cottle Creek Park to facilitate Nottingham Dive culvert maintenancewas
also noted

Vegetation Depth: An average vegetation depth of 25 m was recorded Reach3,
with a maximum depth of 50 m recorded in the area of the 200 Linleydad
property. The area directly upstream of the Hammond Baydad culvert and the
majority of the riparian zone in Cottle Creek Park had the lowest riparian depths
recorded (0 mto 5 m).
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Figure 10.Reach3 photos.

a) Ravine u/s of Hammond Bay Bad culvert b) Ditched channel in Cottle Creek Park

¢) u/s of Nottingham Dr. culvert looking d/s d) One of multiple cement filled tires in bank



h) Culvert pool at 200 Linley Rad
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Reach 4

Reach4 of Cottle Creekmeasures 457 m long and runs from the upstream end of the 200
Linley Road culvert to the first aluminum bridge crossing of the Linley Valleyrail (Fig. 11).

A total of 42 habitat units were recorded inRReach4. The averageyradient was 1.45 % with
gravel dominating the substrate (75 %)A total of 19 pools were recorded inReach4, with 7
averaging a depth >20 cmUndercut banks were the dominant cover type in pools at 45 %
of all pool cover.The average wetted width was 1.5 m and the average bankfull width was
5.24 m.

The majority of this reach is on private undeveloped land (PID 00935-034), and ends

within the Crown Land District Lot 56 (3519 Robin Hood Dive). The stream and riparian
zone in this reach are in a mostly undisturbed condition, except for historic&bgging (old
growth stumps) andthe popular Linley Valleyrecreationaltrail. The channel is incised and
lacks sinuosity formuch ofthe reach with a nearly vertical left bank 3to 5 m high(Fig.

12a). In certain locations the channel downcutting was expoE T ¢ A OdlafkdditdrépA T 6
on the stream bottom Wetted habitat at the time of survey was mostly shallow pools and
glides, with undercut banks being the dominant cover typdn the upper ~60 m of the reach
stream flow was subsurface with only a dry graveifilled channel observed.

The meanhabitat rating for Reach4 wasfair (Table 7), and the meanriparian rating was

fair (Table 8. Reachd stream bankswere heavily eroded (32 %) and lack woody debris and
boulder cover. The reach was minimally altered (4%), and generallgacked obstructions to
fish movement other than the dry section at the upstream end.

Table 7. Reach4 fish habitat and water quality resultsand ratings. Results are an
aggregate score calculated from the habitat parameters recorded during this
assessment.

Habitat Parameter Result Rating Result
% Pool Area 57 1 Good
Large Woody Debris/Bankfull
Channel Width 03 5 Poor
% Cover in Pools 1 3 Fair
Average% Boulder Cover 0 5 Poor
Average % Fines 13 3 Fair
Average % Gravel 75 | notrated | not rated
% of Reach Eroded 32 5 Poor
Obstructions 2 2 Fair
% of Reach Altered 4 1 Good
% Wetted Area 29 5 Poor
Dissolved Oxygen 6.54 3 Fair
pH 6.41 3 Good
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Table 8. Reach4 riparian results and ratings . Results are an aggregate score
calculated from the habitat parameters recorded during this assessment

Riparian Ratings | Result Rating Result
Land Use 84 1 Good
Riparian Slope 104 1 Good
Bank Stability 171 5 Fair
% Crown Cover 79 1 Good
% of Reach
Accessed 57 S Poor
Average
Vegetation Depth 52 3 Fair
Within Reach4, these habitat characteristicsvere OAOAA 6 @' 1T 1T A

1 Pool Area: A total of 19 pools were measured irReach4, making up 57% of the
wetted area. These were mostly shallow pools <15 cm deep, wittpools identified
averagng adepth >20 cm.

T Water Quality : All water quality parameters recorded were within the British
Columbia Approved Water Quality Guidelines for Aquatic Life, Wildlife & Agriculture
(WLRS, 2025). solved oxygenin Reach4 was thelowest observed in all surveyed
reaches which may be associated withthe high densities ofalgaeon substrates in
shallow glide and pool habitat.

1 Alterations : Reach4 generally lacked major alterations, with the exception of the
large culvert at the beginning of the reach and the aluminum bridge crossing of the
Linley Valley Trail at theupstream end of the reach.

 LandUse Reacdl AT A OOA xAO AT OEOAThEIlandlis 2000 E A£E A A
for residential development, however the delays in proceeding with subdivision and
construction (+15 years) have provided time for this large lot to return to an
ecologically diverse valley lowland riparian condition.

1 Crown Cover: Canopy cover averaged nearly 80%ith the stream surrounded by

the riparian forest. Canopy is a mix ofed cedar, bigleaf maple and Dougladir,
offering year-round shade to the stream.

Within Reach4, these habitat characteristicsvere OA OA A6 Q01 1 O

1

Large Woody Debris : Few LWD pieces wereobservedin Reach4 (n=27), mature
LWD recruitment from the surrounding forest has been interruptedby historical
logging. The lack of LWD complexity has allowetbbd flows to experiencelittle
resistance inReach4, leading to thedegree ofchanneldowncutting observed.

30

AO



1 Boulder Cover: Boulders were not observed in the substrates dReach4. The low
average gradient (1.5%) does not favourthe deposition of large substrates, and
composition of bank soils also appeared to be lacking in boulders, as they were
dominated by clay and organics.

9 Erosion: Signs of erosion were recorded through the entire reachMost of this
erosion was in areas of channel downcutting, where the banks above the incised
channel were vertical walls of bare soil or clay.

1 Access Despite the natural setting ofReach4, its proximity to the popular Linley
Valley Trail has allowed for relatively easy access to the strea@left bank for most
of the lower half of the reachMultiple ad hocaccess trailswere observedoff the
main walking trail, leaving exposed, loose soil pathways on the streasleft bank
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Figure 12. Reach4 photos.

¢) 1.5m deep undercut thedominant cover type in Reach 4
























































































































