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Glossary of Terms

Allochthonous T an organism thats transient;usually grown somewhere else and
transported into an ecosystefNoble, 2008)

Bankfull channel T the maximum width the stream attains and is typically marked by a
change in vegetation, topography, or texture ofirsedt. (Pacific Streamkeepers
Federation, 2007)

Benthic i the ecological region at the lowest level of a body of water such rager,
including the sediment surface and some-sutface layers(Pacific Streamkeepers
Federation, 2007)

Ectothermic T organsms thathaveblood temperaturethat vary with the environment;
previously t er (Hckmam&Ralkigh, 1B82)o o d e d 0 .

Extirpated 7 an organism that no longer exists in an area but does else\{®eutham

& Curran, 1996)

Exotic T the term applieda plant species that are not native to British Columbia.
(Southam & Curran, 1996)

Heterogeneityi corsisting of diverse constitueni@wirn, 2002)

Hydrophytic T a plant organisnthat is water tolerant angrows partly or wholly in
water (Pacific Streamkepers Federation, 2007)

Plane table mappingi a method of mapping used as alternative to GPS and
surveying that requires two people, a table, a straight edge, a sighting device, a long tape
measure, and a pole to sight agai(Sbutham & Curran, 1996)

Polytypic 1 a species of salmon thhas several variant forms, especially containing
more than one taxonomic category of the next lower rank. A polytypic species consists of
two or more subspecie@lickman & Raleigh, 1982)

Quadrat 7 a square area from vdih samples and measurements are taf@&vutham &
Curran, 1996)

Redd i a depressionn the stream bedreated by the upstroke of the female salmon's
body and tail, sucking up the river bottom gravel and using the river current to drift it

downstream(Hickman & Raleigh, 1982)
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Sky plot T a sky plot is a digital representation of the position of GPS satellites in
comparison to the GPS unit which can be accessed on most GPS units.

Transecti a straight line which extends from the lowest point of a wetlants touter
edge, atting through all the wetlandasses(Southam & Curran, 1996)

Vernal pool i a body of water that seasonally dries up (usually filling up in the winter
and drying up by the end of summer).

Wetted channel i the width of the wetted streaat the time of the survey, which is
generally lower than the bankfull width, and is also referred to as low flow channel.

(Pacific Streamkeepers Federation, 2007)
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Executive Summary

The purpose of this project was to assess the overallh of the upper reaches of Bee Creek and
to make recommendations on how to increase its vialilitgdsting a salmon population. Initially
the purpose of the project wasdalsoconduct a bird/amphibian survey, photopoint monitoring of
the wetland aras, and delineatee Creekusing GPShowever due to malfunctions in equipment,

andlack of time and expertistheseportionswere amended.

In order to assess the overall health of Bee Creek, several different surveys were caglucted
outlined in the 8eamkeepers and #&landkeepers Handbooks. Modulei Stream Habitat
Survey,Module2 i Advanced Stream Habitat Survéyodule 37 Water Quality SurveyModule

471 Stream Invertebrate Survey altbdule 127 Salmonid Spawner Survey were conducted from
the Streamkeepers Handbook. ModW@el i The Initial Wetland Assessment, aktbdule 2.2 7

Conducting a Survey of Wetland Plants were conducted from the Wetlandkeepers Handbook.

From the surveysonducted t was determined that Bpable &r ee k 6 s
identified from the Streamkeepers Handbook. Based on these results, Bee Creek has the potential
to host a salmon populatiofihe presence of aquatic organisms in the stream suggestsalmon

could flourish in this environment if certain elents within the creek werienproved These
elements includg1) replacing the culvert that separates the upper and lower reaches @fegé

on Royal Roads property2) changing the fence locdteat the south end of Bee CredR)

creating partnershipsith any potential developers adjacent to Bee Creek, such as Essencia, so that
restoration effortscould beincorporated intotheir development plansand (4) implementing

stream and wetlanestoration options.

By examining tle data obtained from the segg of the surrounding area, Te&ncesshas three
recommendationsThe first recommendation the replacement of the culvaéhat separates the
upper and lower reaches of Bee Creek on Royal Roads prapdhistthe water flow rate is not
increasedThe second is to allowquatic organismt travel freely along Bee Creek through the
removalof the existingenceor installation of a new fence at the south end of Bee Creek to ensure
blockage by debris does not occline third isthat restoration optianbe considered for the upper
reaches of Bee Creek, including the enhancement of the fundiyiasfahe adjacent wetland area.
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1.0Introduction

1.1 Background Information

The historical functions of Hatley Park National Historic Site range from a Coast Satiah b

ground, to a private residence, to a military college, and firedlyhe home oRoyal Roads

University. This diversity extends over several centuriestablishingthe area as a rich and

i mportant piece of (Batleyttarishtioné blistarienSite, aoGate) hi st or vy

Bee Creek is located near the southern border of Hatley Park and extends into private property
most recentlyoperated as the Pacific Cenframily Services Associatiorin 1863, a sawmill

was opened near Colwood Creek, amdgpi nni ng in 1865, Ahiglf grade
the best and largesloastalDouglasfir (Pseudotsuga menziesiubsp.menziesji in the area,

likely including some near Bee Cre€¢khe City of Colwood, 2008)At the turn of the 20

century, a smallam and hydreelectric facility were built orBee Geek to provide electricity to

nearby homegCapital Regional District, 2007)n addition, an area adjacent to Bee Creek was

used for cattle grazing as late as 1995, introducing several allochtharganssms, such as.

coli, into the streanfRutherford, 2008)

In 2005 and 2006, the Bee Creek Restoration Program completeds Phase || of their
restoration efforts locatedear the Pacific Centre, betwettre Royal Roadgpropertyboundary

and Esquimaltagoon.The objective of Phase | was to safely and effectively removbyithe-
electric dam and restoréghe midreaches of Bee Creek, incorporating more natural stream
morphologies Phase Il was to restore the lower reaches of Bee Creektacklit with Coho
(Oncorhynchus kisutghand Chum(O. ketg salmon.A plan for Phase lllwas proposed
however no progress has been made as of Rease Ilwould include the restoratiothe creek

in its entirety, incorporatinthe portionof the creekhat is on Rgal Roads property.

This project will investigate the feasibility of restoritige upper reaches of Bee Creekhin the

Royal Roads property.
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1.2 Location

Bee Qeek is located in Colwood, just outside of Victoria, B.CanadaThe creek isa spring
waterfed (groundwater aquiferyystemthat is part of the Esquimalt Lagoon watersh&de
creekoriginates onHately Parkproperty and flows off campufiroughthe Essencigoroperty
boundaryuntil it finally dischargesnto Esquimalt lagoon at 48° 2535"N, 123°28' 29"W
(Figurel). The creek and its watershed are respdadir draining approximately 3 2780 m?
of water fromthe Colwood area into the Esquimbhgoon.(Hatley Park National Historic Site,

no date)

The areasurrounding Bee Creeis split between fiested land composed mostyy Coastal
Douglasfir (Pseudotsuga menziesubsp.menzies), Red dder (Alnus rubrg, Western Rd
cedar(Thuja plicatg, Skunk @bbage(Lysichiton americanujn and othemative gecies This
natural landscape differs greatlyifn the medium density sutban environment which covers

the rest of th&squimalt Lagoon watershed.

Figure 1 - Site location of Bee Creek identifying the area of
interest for restoration options to be recommended to DND
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1.3 Scope of Project

The scope of this projeetas toassess the overall heatththe upper reaches of Bee Creek and
make recommendations on the viability of this stréar hosting a salmon populatipas well as
to conduct a vetland classificationwhich would aid DND with extensive GIS input for use

esystem management strategies.

The original scopef this project included extensive GPS and GIS components, however due to
technical difficulties withthe Trimbl€ handheld GPS unithese sections weramendedto

ensure that all components of the project were completed with optimal qég@ggndix A).

2.0 Literature Review

2.1 Salmon Characteristics and &bitat

During the Bee Creek Restoratiorofect, Tracy Michalski of te Ministry of the Environment,
Tom Rutherford of Fisheries and Oceans Canada, Jodi Watson of the CRD and voftotteers
the Greater Victoria area had trappmar 200Cutthroat trout(O. clarki) from Bee Creekand
had them releaskénto the creek abovédn¢ work arean HatleyPark(Figure?2). It wasexpected
thatwithin the next five yearas part of Phase |ICoho(O. kisutch) and Chun(O. ketg salmon
populations wouldoe introducel into Bee Creek however, to date there ar® plans for the
completion of this phas¢Bee Creek Restoration Program, 2006)

Figure 2 - Beth Mitchell and Joe Richardson, community volunteers with
ELSI for Bee Creek, trapped a Cutthroat trout (O. clarki) on 15 July 2008

T
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2.1.1 Cutthroat Trout

Cutthroat trout(O. clarki), which are currently observed in Bee Creale a polytypic species,
with a great amount of genetic @émsity. Temperature, chemical preferences, migration, and
other ecological attributesuch aggrowth rate and food preferemwary among the subspecies.
Male O. clarki have a tendency to maturethe agesf two and three, while females have a
tendency tomaturea year later. Their diet mainly involves aquatic insects, but they also eat
zooplankton, terrestrial insects, and other fish depending on the season asidéh&utthroat
trout (O. clarki) are stream spawners, and the female ad@posither fertile ovain firedd® in the
stream gravelwhich is generallydone as early as Februasg Vancouver Islanddepending on
environmental conditionsuch agemperéure, runoffand ice melt(Hickman & Raleigh, 1982)

FavorableO. clarki habitat is charactered byclear, cold water, witlsilt-free gravel substrate in

riffle areas for reproduction, and areas of slow, deep water, with vegetation to provide cover to
shade the stream and keep the temperature steaatydition water flow and stream banks have

to be stableCutthroattroutin British Columbia have been knownwathstandpH ranging from

6.0 to 8.8; aother factor that is important issdolved oxygen (DQ)which is dependent on
temperatureWhenthe temperaturef the waterincreasesthe resultis a reduction in th®0O

levels. As a resulttemperature increasean be very detrimental t@. clarki habitat. They
generallydo notinhabitwater where maximurtemperaturdevels excee@2 °C. Cutthroat trout

have beembserved in Bee Creeflickman &Raleigh, 1982)

2.1.2 Coho @Ilmon

Coho salmon@. kisutcl) can spend from one to twears in freshwater before they migrate to
the ocearn(Hartman, Groot, & Pollard, 1997 oho prefer lowstream velocity, shallow water
and small gravel. They feed on aquaticerts, zooplankton and small fish. Like other
SalmonidagO. kisutchneed adequate stream cover for fry survival, as well as high DO levels.
High water temperatures and inadequate water flow can be detrimental to this speeses.
salmon are not currentlgbserved in Bee CreelPacific States Marine Fisheries Commission,
1996)
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2.1.3 Chum Salmon

Chumsalmon (O. ketg, not currentlyestablishedn Bee Creek, can live up to spears. They
spawn in small side channels and small steeas they provideexcellentconditions for egg
survival duringthe spring. Chunspawning is typicabf most Pacific salmonwith the eggs
deposited infiredds catedmostlyin upwelling springareas of streams. Fem&e ketausually

lay between 2400 andl80 eggsChum fry feed pgmarily on small insects within the stream and
estuary before forming schools in salt water where their diet usually consists of zooplankton.
Chum salmon vary in size and usually range from 3 to 8 kg, with fergedesng considerably
smaller than male¢Buklis, 2007)

2.2 StreamMorphologies

An understanding of stream morphology was an important step in assessing Bee Creek and its
surrounding ecosysterithe methodologies used for defining stream morphology were based on

the Streamkeepers Handbook

e Module 1: Sream Habitat Surveyi a fdesktop survey to compile background
information, mapsnd orthophotgshistorical nformation and current GIS data;

e Module 2:Advanced Stream Habitat Surview habitat assessment using crssstional
and longitudinal surveyingrotocols

e Module 3:Water Quality Survey a baseline survey used to assess the overall health of
Bee Creek, including measurementsttobidity, DO, pH, and temperature;

e Module 4:Stream Invertebrate Survéya survey on benthic invertebrates to idigntine
various insect larvae, worms, snails, clams, and crustaceans that inhabit the sediments of
Bee Creek, which are indicators of stream health as they exhibit varying tolerances to
fluctuations in water quality;

e Module 12:Salmonid Spawner Survéya survey to record the number of individual fish
observed, and to record stream water quality parameters (i.e., water temperature,
turbidity, etc.) which determine the presence or absence of fish in stream; and

e Module 14:Introductory Handbook for hstream Habitat Restoratiori information on

restoration options that could be implemented, depending on the health of Bee Creek.
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2.3 Wetland Classification

The initial step in classifying theetlandecosystem surrounmtty Bee Creek wat determine the

buffer zone; tle area that exists between the wetland and the surrouaedisystem. This was
conducted by observing changes viagetationcommunities (loss of the hydrphytic plant
communitie}. Once the wetland hdakeen delineated, a classification survegsconducted A
wetland is defined by the Nationadndthdeisl ands
saturated with water long enough to promote wetland or aquatic processes as indicated by
poorly drained soils, hydrophytic (water tolerant) vegetation, and various lohdsological

activity which ae adapted to a wet environmeriSoutham & Curran, 1996Yhe NWWG has
developed a classification method from this definition and divides wetlands in Canada into five

categories:

e Bogsi peatlands with the water table at @an the surface. They consist primarily of

decomposing sphagm mosses and are highly acidic;

e Fensi peatlands with the water table at or just above the surface. They consist primarily

of sedges and browmoss peat and are less acidic and more wet thas) bog

e Marshesi peatlands or wetlands that are periodically flooded by slow moving or
standing water. They consist of zonal or mosaic surface patterns which are composed of

salges, grasses, reeds and rushes;

e Swamps wetlands or peatlands with standing waterwater moving slowly through
pools or channels. The plant communities are generadlyacterized by a thick cover of

deciduous or coniferousees, shrubs, herbs and mosses; and

e Shallow watefi wetlands that have open water that ceatrleast 75 peree of the total
wetland area in the summer and have a midsummer depth less than 2 m (also referred to
as ponds). The typical plant communities consist of pondweeds;libesdmilfoils, and
watershield(Southam & Curran, 1996)
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2.4 Species at Risk

The Rowl Roads property is owned by DND, and as such, they havested interest in
protectingand managinghese lands. One such management component is the protection of
species at rislasidentified in the Species at Risk ABARA). The purpose of the Ackito

prevent Canadian indigenous species, subspecies, and distinct populations from becoming
extirpated or extinct, to provide for the recovery of endangered or threatened species, and
encourage the management of other species to prevent them fromrgeabnsk(Government

of Canada, 2008)rhe Committee on the Status of Endangered Wildlife in Car@@SEWIQ
wasestablidied by the Actandis anindependent body of experts responsible for assessing and
identifying species at risk and defining thedoand shorterm objectives in a rewery strategy

and action plan.

Many of the species at risk that DND are concerned with inhabit ecosystemass Garry oak
(Quercus garryanpmeadows, rocky outcrops and shorelines, all of which are not characteristic

of this project.Theidentification ofanyknown species of riskasreported.

2.5GPS/GIS

Before theinceptionof Global Positioning Systems (GR®gvigation was a complex process
which requiredmany chartsand welttrainedindividuals to interpret them. Hweever, with the
advent of GPSall the maps in the world can be heldainompact uniatrd a moderatelrained

user can plot a course with great accuracy.

The GPS system was utilized in this project to determine an accurate stream path of Bee Creek
through taking spatial measurements with a handheld unit. These spatial measurements were
inputted into &Global Information Systen31S) which correlated them to graphical polylines to

be used in mapping features. The importance of GIS can be understoodh tin@uge of data in
fashions which have not yet been able to be adapted to user friendly models. For example,
showing a map with basic contour lines will gitrained uses information o topography
however the average person would not fully understémel map system. Using GIS 3D maps
which accurately portray elevations can be produced allowing for the general public to

understand through visual models how the land is actually laid out.
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3.0Methods

3.1 Bee Creek Sampling Locations

Water gab samplesveretakenfrom three different locationsn Bee Creeknorth andsouth of
the culvert approximately 20 nalong the strearand a sample befotbe fence at the south end
of Bee Creek before thessencigoroperty(Figure 3. These samplewere collected using 250
mL sterile plastic bottles for fecal coliform testing and three 2&0plastic bottlesfor heavy

metal andnajoranionstess.

Figure 3 - Sampling locations for water quality
testing on Bee Creek within Royal Roads property

3.2 Streamkeepers
3.2.1 Module 1:Stream Habitat Survey

Collecting information about the creek provided theneavork for a successful research project

and was the initial step conducted for this project. The first module in the Streamkeepers
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