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Glossary of Terms 

 Allochthonous ï an organism that is transient; usually grown somewhere else and 

transported into an ecosystem. (Noble, 2008) 

 Bankfull channel ï the maximum width the stream attains and is typically marked by a 

change in vegetation, topography, or texture of sediment. (Pacific Streamkeepers 

Federation, 2007) 

 Benthic ï the ecological region at the lowest level of a body of water such as a river, 

including the sediment surface and some sub-surface layers. (Pacific Streamkeepers 

Federation, 2007) 

 Ectothermic ï organisms that have blood temperatures that vary with the environment; 

previously termed ñcold bloodedò. (Hickman & Raleigh, 1982) 

 Extirpated  ï an organism that no longer exists in an area but does elsewhere. (Southam 

& Curran, 1996) 

 Exotic ï the term applied to plant species that are not native to British Columbia. 

(Southam & Curran, 1996) 

 Heterogeneity ï consisting of diverse constituents. (Zwirn, 2002) 

 Hydrophytic  ï a plant organism that is water tolerant and grows partly or wholly in 

water. (Pacific Streamkeepers Federation, 2007) 

 Plane table mapping ï a method of mapping used as an 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 against. (Southam & Curran, 1996) 

 Polytypic ï a species of salmon that has several variant forms, especially containing 

more than one taxonomic category of the next lower rank. A polytypic species consists of 

two or more subspecies. (Hickman & Raleigh, 1982) 

 Quadrat ï a square area from which samples and measurements are taken. (Southam & 

Curran, 1996) 

 Redd ï a depression in the stream bed created 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 ï 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. 

 Transect ï a straight line which extends from the lowest point of a wetland to its outer 

edge, cutting through all the wetland classes. (Southam & Curran, 1996) 

 Vernal pool ï a body of water that seasonally dries up (usually filling up in the winter 

and drying up by the end of summer). 

 Wetted channel ï the width of the wetted stream at 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 overall health of the upper reaches of Bee Creek and 

to make recommendations on how to increase its viability for hosting a salmon population. Initially 

the purpose of the project was to also conduct a bird/amphibian survey, photopoint monitoring of 

the wetland areas, and delineate the Creek using GPS; however due to malfunctions in equipment, 

and lack of time and expertise, these portions were amended. 

In order to assess the overall health of Bee Creek, several different surveys were conducted as 

outlined in the Streamkeepers and Wetlandkeepers Handbooks. Module 1 ï Stream Habitat 

Survey, Module 2 ï Advanced Stream Habitat Survey, Module 3 ï Water Quality Survey, Module 

4 ï Stream Invertebrate Survey and Module 12 ï Salmonid Spawner Survey were conducted from 

the Streamkeepers Handbook. Module 2.1 ï The Initial Wetland Assessment, and Module 2.2 ï 

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

From the surveys conducted it was determined that Bee Creekôs overall health was acceptable, as 

identified from the Streamkeepers Handbook. Based on these results, Bee Creek has the potential 

to host a salmon population. The presence of aquatic organisms in the stream suggests that salmon 

could flourish in this environment if certain elements within the creek were improved. These 

elements include: (1) replacing the culvert that separates the upper and lower reaches of Bee Creek 

on Royal Roads property; (2) changing the fence located at the south end of Bee Creek; (3) 

creating partnerships with any potential developers adjacent to Bee Creek, such as Essencia, so that 

restoration efforts could be incorporated into their development plans; and (4) implementing 

stream and wetland restoration options. 

By examining the data obtained from the surveys of the surrounding area, Team Sixcess has three 

recommendations. The first recommendation is the replacement of the culvert that separates the 

upper and lower reaches of Bee Creek on Royal Roads property so that the water flow rate is not 

increased. The second is to allow aquatic organisms to travel freely along Bee Creek through the 

removal of the existing fence or installation of a new fence at the south end of Bee Creek to ensure 

blockage by debris does not occur. The third is that restoration options be considered for the upper 

reaches of Bee Creek, including the enhancement of the functionality of the adjacent wetland area. 
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1.0 Introduction 

1.1 Background Information 

The historical functions of Hatley Park National Historic Site range from a Coast Salish burial 

ground, to a private residence, to a military college, and finally as the home of Royal Roads 

University. This diversity extends over several centuries, establishing the area as a rich and 

important piece of British Columbiaôs history. (Hatley Park National Historic Site, no date) 

Bee Creek is located near the southern border of Hatley Park and extends into private property 

most recently operated as the Pacific Centre Family Services Association. In 1863, a sawmill 

was opened near Colwood Creek, and beginning in 1865, ñhigh gradeò logging removed some of 

the best and largest Coastal Douglas-fir (Pseudotsuga menziesii subsp. menziesii) in the area, 

likely including some near Bee Creek (The City of Colwood, 2008). At the turn of the 20
th
 

century, a small dam and hydro-electric facility were built on Bee Creek to provide electricity to 

nearby homes (Capital Regional District, 2007). In addition, an area adjacent to Bee Creek was 

used for cattle grazing as late as 1995, introducing several allochthonous organisms, such as E. 

coli, into the stream (Rutherford, 2008). 

In 2005 and 2006, the Bee Creek Restoration Program completed Phases I and II of their 

restoration efforts located near the Pacific Centre, between the Royal Roads property boundary 

and Esquimalt Lagoon. The objective of Phase I was to safely and effectively remove the hydro-

electric dam and restore the mid-reaches of Bee Creek, incorporating more natural stream 

morphologies. Phase II was to restore the lower reaches of Bee Creek and stock it with Coho 

(Oncorhynchus kisutch) and Chum (O. keta) salmon. A plan for Phase III was proposed; 

however, no progress has been made as of yet. Phase III would include the restoration the creek 

in its entirety, incorporating the portion of the creek that is on Royal Roads property. 

This project will investigate the feasibility of restoring the upper reaches of Bee Creek within the 

Royal Roads property. 
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1.2 Location 

Bee Creek is located in Colwood, just outside of Victoria, B.C., Canada. The creek is a spring 

water-fed (groundwater aquifer) system that is part of the Esquimalt Lagoon watershed. The 

creek originates on Hately Park property and flows off campus through the Essencia property 

boundary until it finally discharges into Esquimalt Lagoon at 48° 25' 35"N, 123° 28' 29"W 

(Figure 1). The creek and its watershed are responsible for draining approximately 3 275 000 m
2
 

of water from the Colwood area into the Esquimalt Lagoon. (Hatley Park National Historic Site, 

no date) 

The area surrounding Bee Creek is split between forested land composed mostly of Coastal 

Douglas-fir (Pseudotsuga menziesii subsp. menziesii), Red alder (Alnus rubra), Western Red 

cedar (Thuja plicata), Skunk cabbage (Lysichiton americanum), and other native species. This 

natural landscape differs greatly from the medium density suburban environment which covers 

the rest of the Esquimalt 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 project was to assess the overall health of the upper reaches of Bee Creek and 

make recommendations on the viability of this stream for hosting a salmon population, as well as 

to conduct a wetland classification which would aid DND with extensive GIS input for use in 

ecosystem management strategies. 

The original scope of this project included extensive GPS and GIS components, however due to 

technical difficulties with the Trimble
®
 handheld GPS unit these sections were amended to 

ensure that all components of the project were completed with optimal quality (Appendix A). 

2.0  Literature Review 

2.1 Salmon Characteristics and Habitat  

During the Bee Creek Restoration Project, Tracy Michalski of the Ministry of the Environment, 

Tom Rutherford of Fisheries and Oceans Canada, Jodi Watson of the CRD and volunteers from 

the Greater Victoria area had trapped over 200 Cutthroat trout (O. clarki) from Bee Creek, and 

had them released into the creek above the work area in Hatley Park (Figure 2). It was expected 

that within the next five years as part of Phase III, Coho (O. kisutch) and Chum (O. keta) salmon 

populations would be introduced into Bee Creek; however, to date there are no plans for the 

completion of this phase. (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 
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2.1.1 Cutthroat Trout  

Cutthroat trout (O. clarki), which are currently observed in Bee Creek, are a polytypic species, 

with a great amount of genetic diversity. Temperature, chemical preferences, migration, and 

other ecological attributes such as growth rate and food preference vary among the subspecies. 

Male O. clarki have a tendency to mature at the ages of two and three, while females have a 

tendency to mature a year later. Their diet mainly involves aquatic insects, but they also eat 

zooplankton, terrestrial insects, and other fish depending on the season and their size. Cutthroat 

trout (O. clarki) are stream spawners, and the female will deposit her fertile ova in ñreddsò in the 

stream gravel, which is generally done as early as February on Vancouver Island, depending on 

environmental conditions such as temperature, runoff and ice melt. (Hickman & Raleigh, 1982) 

Favorable O. clarki habitat is characterized by clear, cold water, with silt-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 steady. In addition, water flow and stream banks have 

to be stable. Cutthroat trout in British Columbia have been known to withstand pH ranging from 

6.0 to 8.8; another factor that is important is dissolved oxygen (DO), which is dependent on 

temperature. When the temperature of the water increases, the result is a reduction in the DO 

levels. As a result, temperature increase can be very detrimental to O. clarki habitat. They 

generally do not inhabit water where maximum temperature levels exceed 22 °C. Cutthroat trout 

have been observed in Bee Creek. (Hickman & Raleigh, 1982)  

2.1.2 Coho Salmon 

Coho salmon (O. kisutch) can spend from one to two years in freshwater before they migrate to 

the ocean (Hartman, Groot, & Pollard, 1997). Coho prefer low stream velocity, shallow water 

and small gravel. They feed on aquatic insects, zooplankton and small fish. Like other 

Salmonidae, O. kisutch need adequate stream cover for fry survival, as well as high DO levels. 

High water temperatures and inadequate water flow can be detrimental to this species. These 

salmon are not currently observed in Bee Creek. (Pacific States Marine Fisheries Commission, 

1996) 
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2.1.3 Chum Salmon 

Chum salmon (O. keta), not currently established in Bee Creek, can live up to six years. They 

spawn in small side channels and small streams, as they provide excellent conditions for egg 

survival during the spring. Chum spawning is typical of most Pacific salmon, with the eggs 

deposited in ñredds,ò located mostly in upwelling spring areas of streams. Female O. keta usually 

lay between 2400 and 3100 eggs. Chum fry feed primarily 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 females growing considerably 

smaller than males. (Buklis, 2007)  

2.2 Stream Morphologies 

An understanding of stream morphology was an important step in assessing Bee Creek and its 

surrounding ecosystem. The methodologies used for defining stream morphology were based on 

the Streamkeepers Handbook: 

 Module 1: Stream Habitat Survey ï a ñdesktopò survey to compile background 

information, maps and orthophotos, historical information and current GIS data; 

 Module 2: Advanced Stream Habitat Survey ï a habitat assessment using cross-sectional 

and longitudinal surveying protocols; 

 Module 3: Water Quality Survey ï a baseline survey used to assess the overall health of 

Bee Creek, including measurements for turbidity, DO, pH, and temperature; 

 Module 4: Stream Invertebrate Survey ï a survey on benthic invertebrates to identify the 

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; 

 Module 12: Salmonid Spawner Survey ï a 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 

 Module 14: Introductory Handbook for In-stream Habitat Restoration ï 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 the wetland ecosystem surrounding Bee Creek was to determine the 

buffer zone; the area that exists between the wetland and the surrounding ecosystem. This was 

conducted by observing changes in vegetation communities (loss of the hydrophytic plant 

communities). Once the wetland had been delineated, a classification survey was conducted. A 

wetland is defined by the National Wetlands Working Group (NWWG) as, ñland that is 

saturated with water long enough to promote wetland or aquatic processes as indicated by 

poorly drained soils, hydrophytic (water tolerant) vegetation, and various kinds of biological 

activity which are adapted to a wet environmentò (Southam & Curran, 1996). The NWWG has 

developed a classification method from this definition and divides wetlands in Canada into five 

categories: 

 Bogs ï peatlands with the water table at or near the surface. They consist primarily of 

decomposing sphagnum mosses and are highly acidic; 

 Fens ï peatlands with the water table at or just above the surface. They consist primarily 

of sedges and brown-moss peat and are less acidic and more wet than bogs; 

 Marshes ï 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 

sedges, grasses, reeds and rushes; 

 Swamps ï wetlands or peatlands with standing water or water moving slowly through 

pools or channels. The plant communities are generally characterized by a thick cover of 

deciduous or coniferous trees, shrubs, herbs and mosses; and 

 Shallow water ï wetlands that have open water that covers at least 75 percent 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, pond-lilies, milfoils, and 

watershield. (Southam & Curran, 1996) 
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2.4 Species at Risk  

The Royal Roads property is owned by DND, and as such, they have a vested interest in 

protecting and managing these lands. One such management component is the protection of 

species at risk as identified in the Species at Risk Act (SARA). The purpose of the Act is to 

prevent Canadian indigenous species, subspecies, and distinct populations from becoming 

extirpated or extinct, to provide for the recovery of endangered or threatened species, and to 

encourage the management of other species to prevent them from becoming at risk (Government 

of Canada, 2008). The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) 

was established by the Act, and is an independent body of experts responsible for assessing and 

identifying species at risk and defining the long and short-term objectives in a recovery strategy 

and action plan. 

Many of the species at risk that DND are concerned with inhabit ecosystems such as Garry oak 

(Quercus garryana) meadows, rocky outcrops and shorelines, all of which are not characteristic 

of this project. The identification of any known species of risk was reported. 

2.5 GPS/GIS 

Before the inception of Global Positioning Systems (GPS), navigation was a complex process 

which required many charts and well-trained individuals to interpret them. However, with the 

advent of GPS, all the maps in the world can be held in a compact unit and a moderately-trained 

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 a Global Information System (GIS) which correlated them to graphical polylines to 

be used in mapping features. The importance of GIS can be understood through the use 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 give trained users information on topography; 

however, the average person would not fully understand the 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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3.0 Methods 

3.1 Bee Creek Sampling Locations 

Water grab samples were taken from three different locations on Bee Creek, north and south of 

the culvert, approximately 20 m along the stream, and a sample before the fence at the south end 

of Bee Creek before the Essencia property (Figure 3). These samples were collected using 250 

mL sterile plastic bottles for fecal coliform testing and three 250 mL plastic bottles for heavy 

metal and major anions tests. 

 

3.2  Streamkeepers 

3.2.1 Module 1: Stream Habitat Survey 

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

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

Figure 3 - Sampling locations for water quality 

testing on Bee Creek within Royal Roads property 

 


