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DISCLAIMER 
 
The results contained in this report are based upon data collected during field surveys conducted 
in May, 2008 (3 days) prior to peak flows, October/November/December 2008 (17 days) during 
low flows, with collation of all data downloads and digital photographs taking place in office (20 
days).  A further 2 days were spent in July (peak flow), 2009 field proofing existing data, property 
data corrections, and photograph updates for the methodology section of this report.  Use or 
reliance upon conclusions made in this report is the responsibility of the party using the 
information.  Neither the Christina Lake Stewardship Society, nor the author of this report are 
liable for accidental mistakes, omissions or errors made in its preparation as best attempts were 
made to verify the accuracy and completeness of data collected and presented. 
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EXECUTIVE SUMMARY 
 
The Christina Lake Foreshore Inventory and Mapping  (CLFIM) Project was implemented by the 
Christina Lake Stewardship Society in partnership with Fisheries and Oceans Canada 
(Community Mapping Network), the Regional District of Kootenay Boundary, and the Ministry of 
Environment in the spring of 2008.  A detailed inventory of Christina Lake was conducted using 
two assessment procedures.  Initial procedures included geo-referenced digital video 
documentation of the entire foreshore, the delineation of foreshore segments based on contiguous 
sections of foreshore that have similar characteristics, and the documentation of key attributes for 
each segment.  The objective of this phase of the project was to provide an overview of the 
foreshore habitat condition on the lake which included the littoral zone to the upland area.  
Characteristics such as foreshore morphology, land use, riparian condition, and anthropogenic 
alterations were entered onto the CLFIM database.  The second phase of the project included 
conducting individual site (lot) assessments, documenting additional attributes, correlating digital 
photographs, and data entry onto a separate CLFIM database.  This level of assessment was 
conducted in order to provide a higher level of detail on the existing foreshore conditions on 
Christina Lake.  The majority of the results discussed in this report are based on the level of detail 
that the individual site assessments provided. 
 
The overall results show that the level of disturbance and modification of the Christina Lake 
foreshore has been compromised primarily by residential development activities as well as by 
Crown access points, commercial, and park land uses.  The results showed that 77% of the 
foreshore has been disturbed by anthropogenic (human caused) alterations, including substrate 
alterations above and below the high water mark, removal of riparian and aquatic vegetation, 
infilling, beach grooming, importation of sand, retaining walls (armoring), and shoreline 
development.  The assessment of foreshore modifications also included the enumeration of 
docks, boat launches, boat houses, and groynes.  All of these structures and modifications can 
degrade the foreshore environment by fragmenting habitats that are essential and relied upon by 
a myriad of aquatic and terrestrial species for all or part of their lifecycle.  Even though there is a 
high level of foreshore impacts, 23% of the foreshore of Christina Lake remains undisturbed.  
Effective foreshore planning, development, and management with an environmental ethic is a 
challenging task for all Communities and Regulatory Agencies.  As with all challenges, come 
opportunities. 
 
Christina Lake is home to shore and stream spawning kokanee.  The kokanee shore spawning 
activities on Christina Lake are associated with low rocky shore and gravel beach shore types that 
have gravel dominated substrates.  Areas that are not as highly used include cliff/bluff, wetland, 
and sand beach shore types, although limited spawning does occur in these areas.  The majority 
of the spawning locations were associated with areas assessed as having low or moderate 
(medium) disturbance levels.  There is a high level of concern with the increasing trend of removal 
of substrate materials to build groynes within prime spawning habitat locations in the north end of 
Christina Lake.  Tributary entranceways for stream spawning kokanee are Sandner Creek, McRae 
Creek, and Sutherland Creek.  Natal streams such as Sutherland Creek have had a noticeable 
decline in annual fish enumerations and McRae Creek has failed to have kokanee return in 2006, 
2007, only 8 kokanee observed in 2008, and no kokanee returned in 2009 due to low or no water 
flow at the mouth of the creek system.  It has been observed and reported that stream spawning 
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kokanee occurred in both Stewart Creek and Christina Creek in the fall of 2009.  Historically, this 
occurrence has never been documented before. 
 
The information collected from this project and subsequent assessments via monitoring protocols 
will be provided to local and senior government agencies to assist in the management of the 
foreshore of Christina Lake.  Specifically, it will aid in developing land use policies, regulations, 
standards, and educational tools to promote public awareness with the aim of increasing the long 
term protection of upland, riparian, and aquatic ecosystems indicative of a healthy lake and 
watershed.  The information from this project and subsequent assessments will provide a 
benchmark for foreshore protection initiatives and monitoring development. 
 
The recommended actions include: developing and implementing a riparian protection plan and 
legislation, identifying current and potential water quality degradation sources, future assessment 
and monitoring requirements, the identification and protection of critical habitat areas, determining 
lake carrying capacity, and public awareness education. 
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1.  INTRODUCTION 
The Christina Lake Watershed is located in south-central British Columbia within the Monashee 
Mountain Range of the Columbia Mountains physiographic province.  The climatic conditions of 
the area are generally that of cool winters with moderate to heavy snowfall, and warm, dry to 
relatively moist summers (Cavanagh et al., 1994).  The watershed is located within the Arrow 
Boundary Forest District and the Ministry of Environment Wildlife Management Unit 8-15.  The 
rural community system is unincorporated therefore, land development processes and taxation for 
community services is administered by the Regional District of Kootenay Boundary (RDKB).  
Within the RDKB, Christina Lake is designated as electoral ―Area C‖ and has an official 
community plan (OCP).  The Christina Lake water quality monitoring and sampling program is 
performed in partnership with the Ministry of Environment (MOE) and the Christina Lake 
Stewardship Society (CLSS) following the recommendations in the Christina Lake Water Quality 
Assessment and Objectives (Cavanagh et al., 1994). Under the auspices of the CLSS, a 
watershed management plan and implementation strategy was completed in 2005.  An annual 
review of the plan and strategy is conducted with participation from all stakeholders which include 
local, provincial, and federal agencies which have jurisdictional/regulatory roles within our 
watershed.  The Christina Lake Management Plan (CLMP) and Implementation Strategy is 
updated annually with current data and the recommendations compiled from the meeting are used 
to formulate the upcoming year‘s activities. 
 
The Christina Lake Watershed covers approximately 51,900 hectares or 519 km2 (Jennings, 
2005).  The lake itself is 18.7 km long with the watershed extending another 14.5 km beyond the 
north end of the lake.  The watershed is 22.5 km wide at an east-west point 3.2 km north of Texas 
Point.  Beyond this watershed land to the north drains into Lower Arrow Lake, land to the west 
drains into the Granby River, and land to the east drains into Big Sheep Creek (RDKB, 1975).  
The lake drains at its south end through Christina Creek into the Kettle River, which flows into the 
Roosevelt Reservoir on the Columbia River in Washington State. 
 
Christina Lake is situated approximately 21 kilometers east of the city of Grand Forks in south-
central British Columbia.  Christina Lake is 18.7 km long with a median width of 600 metres 
(RDKB, 1993) and is oriented in a north-south direction and is characterized as long and narrow 
with a steep, U-shaped, glacially carved bottom (Cavanagh et al, 1994).  The shoreline perimeter 
of the lake is 46,273.1 metres or 46.3 kilometres (based on Christina Lake Foreshore Inventory 
and Mapping Project – Site Assessment calculations).  The water surface area is 2,509 hectares. 
 
The mean (overall average) depth of Christina Lake is approximately 37 metres.  The maximum 
depth of Christina Lake is 54 metres (RDKB, 1975). 
 
Christina Lake and its tributaries are utilized as a water source for irrigation, domestic, commercial 
and industrial purposes (Land and Water BC Inc., 2005).  Many residents draw drinking water 
directly from the lake while others rely on waterworks to disinfect drinking water drawn from the 
lake or local streams.  The lake also provides recreational opportunities and supports a variety of 
aquatic life forms as well as terrestrial species that require the lake and/or riparian habitat for all or 
part of their lifecycle.  The main economic driving force in the area is tourism. 
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1.1 Rationale  

Environmental health is the foundation of economic prosperity in the Boundary Region, and is of 
particular importance to the Christina Lake area.  The long term stability of this environmentally 
based economy depends on maintaining and restoring the environmental health of the lake and 
surrounding watershed.  As with most lake systems in the Southern Interior, Christina Lake is 
facing high levels of development pressure. Historically many foreshore dwellings were small 
cottages leaving a relatively small footprint, but now with escalating property values and the lure of 
lakefront living intensifying, many of these quaint cottages are being sold and new owners are 
creating large resort style homes that cover a larger area of the land.  This includes larger 
shoreline structures such as multi-slip docks and groynes.  As well, shoreline modifications which 
include beach grooming, removal of riparian vegetation, and removal of native substrate materials 
being replaced with fine sand.  All of these accumulative alterations have negative impacts on the 
foreshore environment and have become a concern with the citizens of the community and 
regulatory agencies. The need to strengthen land use regulations and policies both on a provincial 
and regional level is essential to ensure the continuance of this dynamic watershed system.  The 
citizens of this community want to maintain the quality of life that originally attracted them to this 
area while realizing that the very environment they want to conserve and protect is the major 
economic force within this region.   
 
One of the top issues identified in the Christina Lake Watershed Management Plan and 
Implementation Strategy (LaCroix and McLean, 2005) for immediate attention was the need to 
establish baseline inventory data to track development within the watershed.  In order to best 
manage our resources and develop proper regulations, by-laws, and guidelines, an accurate 
inventory with quantitative results is required to address protection measures for the lake and its 
surrounding riparian habitats.  Identified as ―Area C‖ of the Regional District of Kootenay 
Boundary, the unincorporated community of Christina Lake does have an Official Community Plan 
but existing bylaws are inadequate to protect riparian systems essential to maintain water quality 
and habitat values. 
 
To have an effective decision making process it is imperative to have access to accurate up to 
date maps and data.  A multi-agency approach using interactive technological methodologies will 
provide a key development assessment tool for all stakeholders.  This project will fill the need for 
government agencies, planners, consultants, real estate agencies, and individuals to have 
accurate up-to-date and accessible information when assessing development proposals, initiating 
protection bylaws, and development of best management practices.  The creation of an on-line 
interactive atlas, gps coordinated video, new orthophotography imagery, and segment and site 
assessments with correlating photographs of the Christina Lake foreshore is the initial outcome of 
this phase of the project.  Though government agencies will be the primary users of this atlas and 
related research and data from this project, the atlas will be available to the public through 
government and stewardship website on-line links.  Public access to the on-line atlas will have 
restrictions in accordance with privacy concerns and data protection.  It is important to remember 
that this report and interactive atlas does not indicate completion of the lake foreshore inventory 
and mapping process.  Further monitoring, data updates, and as changes in regulations, 
guidelines and bylaws for riparian protection are implemented, the process will continue in a 
cyclical nature with assessments and revisions occurring on an ongoing basis.  Community 
participation and continual education is imperative to protect Christina Lake for now and into the 
future. 
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1.2 Foreshore Definition, Significance and Sensitivity 

Christina Lake‘s foreshore is the primary focus for this report.  Foreshore is an important link 
between the aquatic and terrestrial environments, is known to have important biological, 
ecological and social significance, and to be extremely sensitive to disturbance (RDCO 2005) 
 
A natural foreshore has four components.  A summary of each is as follows (Fisheries and 
Oceans 2008) 
 
Littoral Zone  
From the water’s edge to where sunlight no longer penetrates the lake bottom.  
Up to 90% of the species in the lake either pass through or live in this zone. This area is important 
for primary production (production of plants). Stones, twigs and plants are important components 
in this area serving as substrates for food production and providing a variety of habitats for 
animals. For example: this is a typical area for ducks to forage on plants and invertebrates; as well 
as for fish to spawn, and then to forage and seek cover as juveniles. Plants in this area are 
important in converting sunlight into food and releasing oxygen.  
 
Shoreline  
Where the land and the water meet. 
This is an important barricade against erosion. Naturally, it is a profusion of stones, plants, shrubs, 
fallen limbs and tree trunks. It is also a busy intersection for animals, insects and birds travelling 
back and forth between the lake and the upland areas. Overhanging vegetation here shades and 
cools the water and provides an important food source for fish.  
 
Riparian and Upland Zones 
The riparian area is the land closest to the foreshore and the upland is the higher, drier 
ground.  
Vegetation in the riparian and upland zones provides a barrier for contaminants entering the lake 
as runoff (including septic seepage, fertilizers and pesticides). Deep roots of trees stabilize the 
slopes and the forest canopy cools the area. This is an important refuge for wildlife, for example, 
water birds nest in tall grasses, and in the winter, it provides shelter to many animal species. 
 
McPherson and Michel, (Holmes pers comm. 2007) complimented these definitions by stating 
that:  
 
Overall, there are several habitat attributes associated with lake ecosystems that play an 
important role in the life cycle of fish and wildlife species. These include: open water, littoral, 
shoreline and riparian/upland areas. The shallow open water areas provide easy access to 
deeper/benthic habitats for species such as diving ducks and river otters. The littoral and shoreline 
zone contains specialized habitat for many invertebrates that are important food sources for 
vertebrates. Emergent and submergent vegetation in these wetted areas provide nesting and 
foraging areas for many species. The riparian/upland zone contains the most diverse number of 
attributes, including: wildlife trees, coarse woody/large organic debris, overhanging vegetation, 
adjacent wetlands, grasslands, forests and clay banks. 
 
Table 1 provides examples of organisms which are known to utilize these habitats. 
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Table 1.  Known Foreshore Habitats for Fish and Wildlife  

Habitat Type  Species  Utilization  

Forest Canopy Cover 
• Ungulates  
• Small mammals  

• Cover • Feeding  

Wildlife Trees 

• Birds (e.g., Great blue heron, 
Woodpeckers, Nuthatches, 
Chickadees, Owls)  

• Small mammals including bats  
• Salamanders  

• Nesting 
• Feeding 
• Roosting 
• Perching  

Coarse Woody Debris 

• Amphibians  
• Reptiles  
• Small mammals  
• Woodpeckers  
• Bears  

• Cover  
• Dens/nesting  
• Food storage  
• Food source 
(invertebrates)   

Shrub Cover • Amphibians (e.g., western toad)  • Cover  

Grasslands 
• Birds  
• Ungulates  

• Feeding  
• Overwintering  

Clay Banks • Bank swallow  • Nesting  

Adjacent Wetlands 
• Reptiles and amphibians (e.g., 
rubber boa, western toad)  

• Ducks  

• Rearing  

Littoral Zone 
• Shore birds  
• Fish  
• Invertebrates  

• Feeding  
• Spawning  
• Rearing  

Shallow Lake Edges 
•Amphibians (e.g., long-toed 
salamander, western toad)  

• Fish  

• Egg laying  
• Rearing  

Emergent / Sub-emergent 
Vegetation 

• Amphibians  
• Ducks/geese  
• Fish  

• Egg laying  
• Nesting  
• Feeding  
• Rearing  
• Migration path  

1.3 Purpose and Objectives 

The Purpose of the Christina Lake Foreshore Inventory and Mapping Project is to provide 
baseline information to aid future decision-making pertaining to development.  The project will 
provide an easily accessible inventory of physical attributes of the foreshore (including land use, 
shore type, existing riparian condition and anthropogenic (human) alterations).  Additional 
literature including the CLMP will supplement this information and will be used to help identify the 
ecological condition of the foreshore, evaluate resource values, and explore conservation and 
restoration opportunities. 
 
The information will be useful for local, regional, provincial, and federal organizations when 
addressing development issues related to foreshore sensitivity. Specifically, it will aid in 
developing land use policies, regulations and standards aimed at increasing the long-term 
environmental capabilities for the protection of aquatic and riparian habitat. The information can 
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also be integrated with upland development planning, to ensure protection of sensitive foreshore 
areas; so that lake management planning is watershed based. The project may also provide 
evidence for regulatory investigations and provide a benchmark for foreshore protection initiatives. 

The Objectives of this project are to:  
 

 provide an overview of foreshore habitat condition on the lake;  

 inventory foreshore morphology, land use, riparian condition and anthropogenic alterations;  

 obtain spatially accurate digital video of the foreshore of the lake, made available through  
    Geographic Information Systems (GIS);  

 develop an easily accessible GIS database on the ecological status of the lake‘s  
 foreshore; 

 collect information that will aid in prioritizing critical areas for conservation/protection,  
 restoration or enhancement; and  

 provide a baseline and planning tool to use when reviewing development proposals. 
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2.  METHODOLOGY 
In partnership with Fisheries and Oceans Canada (DFO), the Ministry of Environment (MOE), and 
the Regional District of Kootenay Boundary (RDKB), the Christina Lake Foreshore Mapping and 
Inventory Project was implemented in the spring of 2008 with preliminary pre-field assessments 
utilizing key-indicators noted in the Christina Lake Management Plan.  The field assessment 
surveys were conducted in spring/fall/winter 2008 and spring/summer 2009.  Using the 
established methodologies in the Sensitive Habitat Inventory Mapping (SHIM) procedures manual 
(Mason and Knight, 2001), and the Regional District of Central Okanagan Inventory and Mapping 
Report (RDCO, 2005), defined modifications were incorporated into the existing methodology to 
customize our data sets to meet the Christina Lake system requirements for foreshore 
management.  Also, personal interviews with environmental professionals Brad Mason (DFO), 
Mark Andison (RDKB), Todd Cashin (City of Kelowna), and Brent Magnan (RDCO), who both 
provided information on the Riparian Area Regulation, which helped to ascertain site specific 
requirements for this lake system to incorporate and update data essential for better growth 
management while maintaining the quality of the lake environment. 
 
Initial field assessments commenced in May, 2008 involving video documentation of the entire 
shoreline and orthophotos from 2004 were used for guidance in lake segment assessments. At 
this time lake segments 0 to 57 (previously established by Brent Magnan (RDCO) in 2002, were 
re-assessed and new segments (60-71) were created for the north end of the lake.  An overall 
evaluation of the segment database was undertaken and after several discussions between CLSS 
- Brenda LaCroix and Fisheries and Oceans Canada - Brad Mason, it was ascertained that to 
obtain a thorough understanding of the existing foreshore conditions of Christina Lake and to 
provide a useful aid for regulatory agencies pertaining to development and planning, a site 
assessment for each lot would need to be conducted.  Thus, phase 2 of CLFIM was developed 
and initiated.  In August of 2008, Terrasaurus Ltd. completed the orthophotos that were required 
for the project. 
 
The RDKB Planning Department (mapping section) added cadastre lot lines and water features 
(lake tributaries) to the orthophotos for use on a laptop for the field survey site (lot) assessments 
portion of this project which took place in October, November and December of 2008. The 
software used in the field was ArcPad 7.0.  The data sheets were incorporated into the program 
so that data entry for each CLFIM site could be done in the field.  Each lot was digitally 
photographed.  Additional field work was conducted in July 2009 for field proofing existing data, 
property data corrections, and photograph updates.  Subsequent map layers such as land use 
designation, parcel identification, folio numbers, legal address, previously delineated lake 
segments, additional lot attributes, and digital photographs were compiled on ArcMap by the 
RDKB Planning Department (Mapping Section) May – October, 2009 with final compilation in 
November 2009 for integration onto the Federal, Provincial, and Regional mapping websites. 
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2.1 Christina Lake Study Area 

 
Map 1.  Overview Map of Christina Lake Study Area 
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2.2 RDKB Bylaws Pertaining to the Foreshore 

(Dean pers comm. 2009) 
Land use activities at Christina Lake (Electoral Area ‗C‘ of the Regional District) must conform with 
the planning bylaws that are in place. The three applicable bylaws are: 
 

 Electoral Area ‗C‘ Official Community Plan Bylaw No. 1250 (objectives and policies with 
regard to the foreshore; Waterfront Environmentally Sensitive Development Permit Area – 
to ensure sewage disposal systems do not have an negative impact on water quality); 

 Electoral Area ‗C‘ Zoning Bylaw No. 1300 (setback distances from the natural boundary; 
minimum parcel size requirements for new lots created by subdivision; dock size and 
configuration; setback distance for pit privies); and 

 Regional District of Kootenay Boundary Floodplain Bylaw No. 677 (flood construction 
elevation; setback distances) 

Applications for docks on the Crown foreshore require a license of occupation from the Crown, 
while any work below the natural boundary of a watercourse including Christina Lake require an 
application to the Crown for a Section 9 Permit (Changes In and About a Stream). 
 
Planning staff of the RDKB are currently working on a draft ―Riparian Area Protection Plan‖ for 
water courses in Electoral Area ‗C‘. Once the Plan is finalized, it will be formally adopted as an 
amendment to the Electoral Area ‗C‘ Official Community Plan. This will facilitate further protection 
of the Christina Lake watershed. 
 

2.3 Field Assessments 

The Christina Lake Foreshore Inventory and Mapping Project (CLFIM) field assessments are 
divided into two assessment procedures, the digital video documentation of the entire foreshore 
and delineation of lake segments, and individual site (lot assessments) with additional attributes 
and digital photographs.  Data collection for both types of assessments utilized different data sets.  
A key to the field headings in the CLFIM segment database and a hardcopy of the segment 
database are provided in Appendix A and B.  An example of the data sheet used for each site and 
a key to the field headings in the CLFIM site assessments is provided in Appendix C.  Maps 
showing individual lake segment and site (lot assessment) locations are provided in Appendix E. 
 

2.3.1 Lake Shoreline Video Methods – Community Mapping Network 
The purpose of recording lake shoreline video is to assist in classifying lake shore substrates, land 
use and land cover.  Detecting change over time as a result of development or natural disturbance 
can then be examined. The video can also be used to classify or validate the classification of 
shoreline segments and to assist in quantifying structures such as boat ramps and retaining walls.  
Depending on the lake, it may be appropriate to capture video at a particular elevation such as 
high or low water.  For example, if video is captured during high water, the number of retaining 
walls that become submerged or partially submerged can be enumerated.  
 
Figure 1 illustrates the equipment used to produce the geo-referenced video footage of Christina 
Lake.  Submitted by Brad Mason, Fisheries and Oceans Canada (Community Mapping Network), 
2009.  For more information go to http://cmnbc.ca. 
 

http://cmnbc.ca/
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Figure 1.  Shoreline Video Methodology.  1) Digital video camera, 2) GPS stamper unit, 3) 
GPS data logger and receiver, 4) Digital video recorder, 5) Digital video player 
 

2.3.2 Lake Segments – Definitions and Descriptions of Data Fields 
During this phase of the project data was collected by Trimble Pro XR GPS receiver that was 
configured with the SHIM data dictionary, which provided structure for the data collection and 
amalgamation with the database.  Field staff duties included operating the GPS and completing all 
relevant attributes describing foreshore conditions for each segment as well as documenting the 
entire Christina Lake foreshore via a geo-referenced video system. 
 
Preliminary field assessments commenced on May 12, 2008 in the Ministry of Environment 
Penticton boat with the crew consisting of DFO (Brad Mason), CLSS (Brenda LaCroix) and Busy 
Beaver Underwater Works (Dave Caswell).  The entire foreshore was recorded using a digital 
video camera linked to a GPS unit and real time display imagery on a lap top computer for better 
viewing.  The video was captured in one contiguous circle around the lake starting at the south by 
southeast end of the lake. 
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Photograph 1.  Department of Fisheries and Oceans, Brad Mason (Community Mapping 
Network) and Regional District of Kootenay Boundary, Mark Andison (Planning 
Department) – heading to the start up location for the day - mapping the lake segments for 
this project. 

 
On May 13, 2008 the field crew consisted of DFO Staff (Brad Mason), CLSS (Brenda LaCroix and 
Dan Marcoux), RDKB (Mark Andison), and MOE (Kristina Robbins).  A Trimble GPS unit was 
used to delineate foreshore segments which are continuous sections of foreshore that are 
determined by similar foreshore characteristics.  Lake segments 1-23 (previously assessed in 
2002 by Brent Magnan – RDCO) were re-assessed and still photos were taken.   
 
On May 14, 2008 the field crew consisted of DFO (Brad Mason), CLSS (Brenda LaCroix), RDKB 
(Grant Saprunoff), and Busy Beaver Underwater Works (Dave Caswell).  The delineation of 
foreshore segments continued re-assessing previously assessed lake segments 24-57 and the 
creation of new lake segments 60-71 at the north end of the lake.  
 
The foreshore characteristics that were entered onto the database include Shore Type (Table 2) 
and photographs (2 – 10), Foreshore Condition (Table 3) and Modifications (Table 4) and 
photographs (11 – 13), and Level of Impact (Disturbance) (Table 5) and photographs (14 – 16).  A 
key to the field headings for all the features assessed and represented in this database is 
provided in Appendix A 
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Table 2.  Shore Types (RDCO, 2005) 

Shore Type Description 

Cliff/Bluff  
Adjacent to steeper slopes, usually indicating a steep-sided lake 
basin or sudden drop-off  

Gravel Beach  
Often associated with low gradient foreshore, coves with pockets of 
riparian vegetation among steeper hillsides or alluvial fans.  

Low Rocky Shore  
Cobble, boulder or bedrock substrate often prevalent along the base 
of steeper foreshores.  

Sand Beach  
Often associated with alluvial fans or other foreshore deposition 
areas.  

Wetland  
Characteristic of wide littoral zones with fine substrates promoting 
abundant emergent vegetation such as sedges, reeds and cattails.  

Vegetated Foreshore  
Characters of undisturbed foreshore with narrow littoral width.  
Vegetation is commonly shrubs, small trees, or grasses. 
Overhanging vegetation occurs to the mean water level.  

Stream Mouth 
Stream inlet to the lake or outlet from the lake.  

 
 

   
Cliff/Bluff Gravel Beach Low Rocky Shore 

Photo. 2 Photo. 3 Photo. 4 

 
 

   
Sand Beach Wetland Vegetated Foreshore 

Photo. 5 Photo. 6 Photo. 7 
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Stream Mouth  

(Sutherland Creek) Inlet 
Stream Mouth  

(McRae Creek) Inlet 
Stream Mouth 

 (Sandner Creek) Inlet 
Photo. 8 Photo. 9 Photo. 10 

Photographs 2 – 10.  Examples of Shore Types (photographs of Christina Lake). 
 

Table 3. Foreshore Conditions (RDCO, 2005) 

Condition Description 

Natural Foreshore is unmodified 

Disturbed Foreshore has been modified through human 
alteration 

 
Table 4. Foreshore Modifications (RDCO, 2005) 

Modifications Description 

Docks  Long, narrow structures stretching into a body of water.  

Retaining Walls  
Structural walls with the primary function of supporting soil from behind or any 
caused by wave action.  

Groynes  
Protective structures of stone or concrete that extend from shore into the 
water to prevent a beach from washing away.  

Boat Launches  
Sections of foreshore dedicated to launching boats and removing boats with 
vehicles.  

Marine Railways  
Railway tracks used to lift boats in and out of the water or to adjacent boat 
houses.  

Marinas  Harbours specially designed to moor a collection of boats.  

 

   
Photo. 11 Photo. 12 Photo. 13 

Photographs 11 - 13.  Examples of foreshore modifications on Christina Lake - including 
docks, retaining walls, old boathouse, boat launch, removal of substrate and native 
vegetation, and importation of non-native plant species as well as sand. 
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To ascertain the level of impact (LOI), field personnel used visual observations, not direct 
measurements, to estimate the percentages of shore features.  The LOI is the percentage of area 
within the first 100 metres of the shore to the upland environment that has been impacted by 
humans.  The field personnel also noted substrate modifications.  For an example, a value of 
>40% disturbed was an estimate rather than a physical measurement of the length of disturbed 
foreshore within the segment.  As a method of qualifying the overall health of the foreshore, each 
segment was assigned a value describing the Level of Impact (LOI).  The LOI (Table 5) is a 
qualitative measurement of the overall health of the foreshore, categorized as Low (<10% 
disturbance), Medium (10-40% disturbance), and High (>40% disturbance).  Photographs 14 - 16 
are examples of LOI (L/M/H).  The LOI is based on visual observations during the field 
assessments and includes attributes from the database such as the percentage of disturbance 
(modifications) and the presence of human-made structures such as retaining walls, docks, 
groynes, boat launches, and marinas. 
 

 

Table 5.  Level of Impact (RDCO, 2005) 

Level of Impact Description 

Low (<10%) 

Segments that show little or limited signs of foreshore disturbance and 
impacts. These segments exhibit healthy, functioning riparian vegetation. 
They have substrates that are largely undisturbed, limited beach grooming 
activities and no to few modifications.  

Medium  
(10-40%) 

Segments that show moderate signs of foreshore disturbance and impacts. 
These segments exhibit isolated, intact, functioning riparian areas (often 
between residences). Substrates (where disturbed) exhibit signs of isolated 
beach grooming activities. Retaining walls (where present) are generally 
discontinuous. General modifications are well spaced and do not impact the 
majority of the foreshore segment.  

High (>40%) 

Segments that show extensive signs of disturbance and impacts. These 
segments exhibit heavily disturbed riparian vegetation, often completely 
removed or replaced with non-native species.   Modifications to the foreshore 
are extensive and likely continuous or include a large number of docks. 
Generally, residential development is high intensity. Modifications often 
impact a majority of the foreshore.  

 

   
Low Level of Impact Medium Level of Impact High Level of Impact 

Photo. 14 Photo. 15 Photo. 16 

Photographs 14 – 16.  Examples of low, medium, and high levels of impact along the 
foreshore of Christina Lake. 
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2.3.3 Lake Site (Lot) Assessments – Definitions and Description of Data Fields 
Individual lot-by-lot impacts, that may seem insignificant on their own, can overtime, collectively 
interact in complex ways to alter fish and wildlife growth and production rates. McPherson, 
Hlushak, and Adams (2009) found that cumulative changes to watersheds and riparian zones 
were associated with measurable differences in littoral habitats that may not be detectable at 
smaller scales.  With this in mind, Christina Lake was also surveyed lot by lot in order to best 
ascertain changes over time and to streamline the monitoring process.   
 
Field assessments for this phase of the project was conducted onboard the RDKB Eurasian 
Watermilfoil Control Program Boat called the ―Haberstock‖.  This vessel has a ―V‖ hull and is 26‘ 
long with an 8‘4‖ beam (width) and is a highliner converted shrimping boat with 2 – 75 horsepower 
(hp) outboard motors. 

 
Photograph 17.  Dave Caswell onboard the Haberstock – the RDKB Eurasian Watermilfoil 
Control Program Boat – July 17th, 2009 (The CLSS in Partnership with the Regional District 
of Kootenay Boundary, Ministry of Environment, and the Department of Fisheries and 
Oceans provided their services for field work when the boat was not in use for the EWM 
program). 

 
Field work for this portion of the inventory was performed using: 

 Trimble Pro XR GPS system, 

 A Ricoh GPS digital camera, 

 Fuji Finepix A800 

 Digital and hardcopies of the orthophotos that Terrasaurus Ltd completed in August, 2008 
with the addition of the SHIM (CLFIM) segments that were delineated in the first phase of 
this project and map layers from the RDKB which included cadastre lot boundaries, lake 
tributaries, and Provincial boundaries.  Using a laptop computer in the field the maps were 
downloaded onto ArcPad 7.0 and computer data entry as well as hand written field cards 
were recorded for each site. 

 
On October 28th and 29th, 2008, initial site (lot assessment) surveys commenced.  Brad Mason 
(DFO), Brenda LaCroix and Rikki Morrison (CLSS), and Dave Caswell (Busy Beaver Underwater 
Works) were the crew for these two days.  Brad Mason (DFO) helped with training and 
establishing consistency with the collection of data using ArcMap 7.0 (See Figures 2 and 3). 
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Individual site (lot numbers) were established with adjoining digital pictures of each site.  
Appended to each site is a set of data attributes compiled by Brad Mason (DFO) and Brenda 
LaCroix (CLSS) using the standard SHIM methodology and data dictionary with modifications to fit 
this level of assessment.  For each site, relevant attributes were entered into the appropriate fields 
and the Level of Impact (LOI) was determined as per Table 5.  Figure 2 provides the laptop 
imagery of the orthophotos, cadastre lot boundaries, the other map layers mentioned above, and 
CLFIM assessment points.  Figure 3 shows the same imagery with the data sheet and associated 
photograph of Section 1 and 2 (the Christina Lake Nature Park) which is CLFIM (SHIM 1). 
 

 
Figure 2.  The south end of Christina Lake (red squares) are CLFIM (SHIM) Points depicting 
where individual site (lot) assessments were undertaken.  (ArcPad 7.0) 
 
Individual (site) lot assessments continued into November and December with Dave Caswell 
(Busy Beaver Underwater Works) spending 15 days on the lake and 15 days in office doing data 
entry from the information obtained from the field data sheets.  Brenda LaCroix and Rikki Morrison 
(CLSS) provided 3 more days of assistance out in the field during this period of time.  An 
additional 5 days in the CLSS office was spent compiling additional attribute features on an Excel 
spreadsheet to be converted and appended to each site in ArcView as ArcPad 7.0 software 
capability is limited to the number of entries it can manage. A total of 17 days in the field and 20 
days in the office were spent on the individual lot field assessments and data entry thru the 
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months of Oct/Nov/Dec, 2008.  After an extensive review of all sites, errors were found on lot 
boundaries on Brown Road which necessitated the need for another 2 days of field work in July 
2009.  An example of the field data sheet and key to the field headings for all the features 
assessed and represented in this database is provided in Appendix C. 
 

 
Figure 3.  CLFIM (SHIM 1) in Lake Segments 1 and 2 (Christina Lake Community Nature 
Park) with page one of the data attribute sheets and adjoining photograph.  (ArcPad 7.0) 

2.4 GIS and Data Management 

The foreshore of Christina Lake was delineated into 71 segments (45,774.1m).  The GPS 
locations for each segment were overlaid onto the orthophotos produced by Terrasaurus Ltd.  The 
legal boundaries of properties around the lake, streams, Gladstone Provincial Park and Christina 
Lake Provincial Park boundaries, as well as crown land access points were provided by the 
RDKB.  The RDKB parcel metadata states horizontal accuracy of approximately +/- 10m.  The 
RDKB makes no warranties or representations concerning the accuracy of the data.  Any errors 
evident in the parcel data (legal lines) may either stem from the RDKB base data or the 
orthophotos produced by Terrasaurus Ltd.  The integration of the correlating data sets (attributes) 
for each segment was done by the Department of Fisheries and Oceans (Community Mapping 
Network) using Autodesk Mapguide 2010.  Using the orthophotos produced by Terrasaurus with 
the additional map layers supplied by the RDKB, the individual foreshore lot assessments 
(46,2731 m) which includes crown access points and provincial parks were completed in the field.  
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Each site (lot) was assigned a SHIM (CLFIM) number, correlating attribute tables and digital 
photographs. Each SHIM (CLFIM) site (a total of 652) and attributes were entered onto ARCPAD 
7.0 on a laptop with digital photographs being numbered for data integration onto ArcMap by the 
RDKB.  (Figure 2 and 3)  An additional map layer showing the locations of ―Shoreline Kokanee 
Spawning Sites‖ was provided by the Ministry of Environment. 

2.5 Integration and Quality Control 

As mentioned earlier in this report, the Christina Lake Foreshore Inventory Mapping Project is a 
Partnership Project between the Christina Lake Stewardship Society, the Department of Fisheries 
and Oceans (Community Mapping Network), the Regional District of Kootenay Boundary (RDKB), 
and the BC Ministry of Environment.  The integration of these entire projects findings has been 
compiled using a multi-agency approach and ensuring that all of the data collected and 
represented on video, data sets, photographs, and maps are incorporated into one information 
database.  Updates to this database and maps will follow the same protocol. 
 
The following information is a guideline on helping to navigate each Agencies site to access the 
Christina Lake Foreshore Inventory Mapping Project.  It must be noted here that there will be 
information that is accessible by Staff representatives only and information that is accessible by 
the Public.  This safety measure is in place to protect private land owner concerns and to ensure 
that quality control of all data is consistent and overall placement onto each individual website 
reflects the same information. 
 
Department of Fisheries and Oceans (Community Mapping Network): 
The Community Mapping Network (CMN) provides online natural resource information and maps 
with correlating information that is relevant to each project. The navigation through this site is easy 
and accessible to the public.  This user friendly mapping system and database will house the 
entire segment database, maps, georeferenced video footage, and this report for the project on 
the interactive atlas site which can be located at http://cmnbc.ca 
 
Regional District of Kootenay Boundary (RDKB): 
The RDKB has the segment database, maps, video footage, and this report on their website which 
can be located at http://www.rdkb.com.  To access individual site (lot assessments), information 
which is not accessible to the public on-line, contact the Planning Department at 1-800-355-7352.  
You will require the land title certification of ownership and/or signed proof of a representative of 
the existing owners to acquire individual lot information.  The RDKB will be using this information 
for development planning and riparian area protection initiatives. 
 
BC Ministry of Environment: 
The BC (MOE) has the segment database, maps, video footage and this report on their website 
which can be located at http://www.env.gov.bc.ca/ecocat.  Access to individual site (lot 
assessments) will be restricted and for staff use only.  The MOE will also be using the information 
from this project for reference during regulatory investigations and the upcoming riparian area 
protection bylaws once in place. 

http://cmnbc.ca/
http://www.rdkb.com/
http://www.env.gov.bc.ca/ecocat
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3. KNOWN ENVIRONMENTAL CONDITIONS 
The results of this project must also be defined with the existing information that is currently 
available for Christina Lake.  The following information in section 3.1 below was taken from the 
Christina Lake Management Plan - A Community Watershed-Based Plan; (LaCroix, B. and 
McLean R., 2005). Though the information below is but a fraction of the contents available in the 
watershed plan the documents and maps are easily accessible by visiting the CLSS website 
http://www.lakesteward.ca.  Other items of interest that can be found in the plan are: 
 
Watershed Level Categories 

 Priority Issues in the Watershed 

 First Nations Traditional Land Use 

 History (European Settlement) 

 Watershed Characteristics (an extensive section that covers everything from Geology, 
Hydrology, Current Land Use Activities, Water Uses, Waste Discharges, Environmentally 
Sensitive Areas, Fish, Wildlife, Plants, and Species at Risk 

Lake Level Categories 

 Christina Lake Characteristics (an extensive section that includes Morphometric Data, 
Water Quality Objectives, and Monitoring) 

 Biological Characteristics (includes Aquatic Plants and Animals, Fish Species, Stocking 
Records, Introduced Species, Species at Risk, Creel and Acoustical Surveys, and Kokanee 
enumerations 

Watershed Management Objectives and Actions 

 This section includes recommendations, short and long term management objectives, 
action items, as well as plan implementation processes and plan review and revision 
policies. 
 

Note: the watershed plan and implementation strategy are updated annually with new data and 
recommendations which are derived from the Christina Lake Annual Watershed Review which 
takes place every winter at the Christina Lake Community Hall. 

3.1 Christina Lake Watershed 

Christina Lake is situated approximately 21 kilometers east of the city of Grand Forks in south-
central British Columbia.  Christina Lake is 18.7 km long with a median width of 600 metres 
(RDKB, 1993) and is oriented in a north-south direction and is characterized as long and narrow 
with a steep, U-shaped, glacially carved bottom (Cavanagh et al, 1994).  The shoreline perimeter 
of the lake is 46.3 kilometres (based on Christina Lake Foreshore Inventory and Mapping Project 
Site (Lot) Assessments).  The lake has 42 tributaries and one lake outlet.  Table 7 in Appendix D 
provides a list of the inflowing stream systems in the Christina Lake watershed. The lake is 
―Oligotrophic‖.  This term describes a lake that has low nutrient concentrations, little plant or algae 
growth and very clear water. 

http://www.lakesteward.ca/
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Table 6.  Christina Lake Characteristics and Map References 
Watershed Group: Kettle River (KETL) 

Watershed Code: 320-160600 

Waterbody Identifier: 01206KETL 

Lake Outlet: Christina Creek 

UTM at Lake Outlet: 11.5432962.411678 

Number of Tributaries: 42  

Drainage Basin Area (includes Christina Creek outflow): 519 km2 

Lake (Perimeter) (based on CLFIM – Site (Lot Assessments): 46.3 kilometres 

Elevation at Lake Outlet: 446.7 m 

BEC Zones: 
1
Interior Cedar Hemlock (ICH), Interior Douglas Fir (IDF), Ponderosa 

Pine (PP), Engelmann Spruce, Subalpine Fir (ESSF)  

NTS Map: 82E/01 

TRIM Maps: 82E009, 82E010, 82E019, 82E020, 82E029, 82E030, 82E039 

BCTS Terrain Map (Oct.10, 2008): 82E009, 82E010, 82E019 

CLMP Maps: Base, Land Use, BEC and Baseline Thematic,  Bathymetric, Fish 
Habitat, Soils, Ungulate Winter Range, Terrain, Species at Risk, Grizzly 
Bear Management Priorities, Connectivity Corridors, Landsat 7 Satellite 
Imagery, Christina Lake Water Sampling Sites (MOE), Terrestrial 
Introduced Invasive Plant Distribution in the Christina Lake Watershed 

Air Photos: 30BCC93060 - 0-22, 51, 52, 70, 71 

 30BCC93019 - 24, 25, 50-52, 98-100, 126, 127, 166, 167 

 30BCC930181 - 49, 150 

Orthophotography August, 2008): Terrasuarus Ltd 

RDKB Maps: Christina Lake ―Electoral Area C‖ Zoning Bylaw No. 1300, 2007: 
Schedule 2 South Map, Schedule 3, English Point Map, Schedule 3 
North Map 

 
Christina Lake and its tributaries are utilized as a water source for irrigation, domestic, commercial 
and industrial purposes (Land and Water BC Inc., 2005).  Many residents draw drinking water 
directly from the lake while others rely on waterworks to disinfect drinking water drawn from the 
lake or local streams.  The lake also provides recreational opportunities and supports a variety of 
aquatic life forms.  The main economic driving force in the area is tourism. 
 
Non-point sources (NPS) of pollution are the largest contributors to water quality degradation in 
Christina Lake (Cavanagh et al., 1994).  Land use activities such as shoreline and stream bank 
alterations, residential, agriculture, and forestry practices may also impact water quality by adding 
nutrients, pesticides, herbicides, and possible bacterial contamination. The overland flow of 
sediments eventually deposits those pollutants into streams and the lake.  Groundwater and 
atmospheric deposition also provide avenues for pollution to reach the lake. The most significant 
contributors of NPS pollution to Christina Lake are poorly maintained and/or located septic tank or 
tile field systems (Cavanagh et al., 1994).  Close proximity to the lake, inappropriate soil types, 
and shallow bedrock make septic contamination a major concern.  Information about community 
sewer system feasibility can be found in (Kerr Wood Leidal, 1991) and (Sussex Consultants Ltd., 
1994). 
 
Although water quality data collected annually by the Ministry of Environment suggests that the 
overall water quality in Christina Lake is good, local residents and lake users have noticed 
changes in the lake over time. Shallow regions of the lake, particularly the south end, are thought 
to have lower water clarity, increased aquatic plants and algae, and odor problems during the 
summer months. Local physicians have also reported an increased incidence of ear, throat, and 
eye infections in people using the south end of the lake for recreational purposes (Cavanagh et 
al., 1994). 

                                                           

 
1
 Interior Cedar Hemlock is the primary forest type within the Christina Lake watershed. 
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Table 8.  List of Morphometric Data for Christina Lake (Cavanagh et al, 1994) 

Surface Area  25.1 km2   

Volume  9.295x105dam3 

Volume of Epilimnion (Ve) (0-8 m)  1.962x105dam3 

Volume of Hypolimnion (Vh) (9-54 m)  7.323x105dam3 

Mean Depth  37.0 m  

Maximum Depth  54.0 m  

Fetch – Unobstructed Length  18.7 km  

Littoral Area (% of total surface area)  5% 

 
The flushing rate (lake volume ÷ outflow) of Christina Lake is estimated at 4.5 years.  A large 
percentage of the precipitation falls during the winter months as snow, consequently maximum 
lake water levels occur in May and June during the snowmelt freshet.  Minimum water levels occur 
during October and November.  (Cavanagh et al, 1994) 

 

3.1.1 Water Quality Monitoring 
The BC Ministry of Environment in Partnership with the Christina Lake Stewardship Society and 
the Interior Health Authority conduct water quality monitoring programs on Christina Lake. 
 
The BC Ministry of Environment monitors water chemistry, dissolved oxygen and water clarity in 
spring and fall.  The Christina Lake Stewardship Society monitors water clarity and temperature 
once a week throughout the spring, summer, and fall.  Christina Lake Water Quality (CLWQ) 
objectives (Table 9) were set in 1994 based on a comprehensive review of lake and watershed 
information (Cavanagh et al., 1994). Water quality objectives are site specific management targets 
that protect the most sensitive water uses.  Map 2 shows all current and historical water quality 
sampling sites for Christina Lake 
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Table 9.  Water Quality Objectives for Christina Lake (Cavanaugh et al, 1994) 

Parameter Objective 

Total phosphorus -less than 7 ug/L @spring overturn 

Total nitrogen -less than or equal to 200 ug/L @spring overturn 

Secchi Depth -3 meter minimum at any time 
-annual mean greater than 10 meters 

Chlorophyll-a (Apr – Oct mean) -less than or equal to 2.5 ug/L for phytoplankton 
-less than or equal to 10 mg/m2 for periphyton 

Dissolved oxygen -less than or equal to 8 mg/L at any site and depth 

Turbidity -mean value less than or equal to 1 NTU 
-maximum value less than or equal to 5 NTU 

Periphyton -stable community structure dominated (greater than 
50% of cells) primarily by pinnate diatoms. 
-less than or equal to 10 mg/m2 for periphyton 

Pelagic phytoplankton -stable community structure not dominated by blue-
greens (less than 10% of cells in any sample). 
-dominant genera (greater than 10% of cells) should 
include Melosira, Asterionella, Fragilaria, Synedra, 
Peridinium, Dinobryon, and Mallomonas. 

Zooplankton -stable community structure dominated (greater than 
10% of cells) primarily by Bosmina longirostris, 
Epischura nevadensis and Kellicotia longispina. 

Fecal coliforms -less than or equal to 10/100 mL (90th percentile) 
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Map 2.  Map showing all current and historical water quality sampling sites for Christina 
Lake 
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The Interior Health Authority conducts recreational water quality testing once per month during 
June July, and August at local beaches. 
 
For complete details on both water quality monitoring programs and annual results, please refer to 
the Christina Lake Management Plan - A Community Watershed-Based Plan which can be 
accessed via the internet at the CLSS website http://www.lakesteward.ca. 
 

3.1.2 Plants (Terrestrial, Riparian, and Aquatic) 
Terrestrial 
The predominant Biogeoclimatic Ecosystem Classification (BEC) for Christina Lake is Dry Warm 
Interior Cedar – Hemlock Subzone. (ICHdw).  (BC Timber Sales Terrain Map October, 10th, 2008 
– 1:20,000 – Map sheets 082E.009, 082E010, and 082E.019)  The ICHdw is the most diverse 
subzone in the province in terms of tree species with unique habitat features that supports a wide 
diversity of wildlife species (Braumandl and Curran, 1992). 
 
Table 10 provides a list of plants (native trees, shrubs, and herbs) that are indicative to zone (ICH) 
and subzone (dw).  This is not an all encompassing list as plants will vary according to site 
conditions.  For site specific recommendations, consult a qualified professional or other 
knowledgeable source. 
 
Table 10.  ICHdw Vegetation (Braumandl and Curran, 1992) 

 Common Name  Scientific Name 

 
Ponderosa pine  Pinus ponderosa 

 Douglas fir  Psuedotsuga menziesii 
 Western larch  Larix occidentalis 
 Western white pine  Pinus monticola 
 Paper birch  Betula papyrifera 
 Western redcedar  Thuja plicata 
 Western hemlock  Tsuga heterophylla 
 Black cottonwood  Populus balsamifera 
 Hybrid white spruce  Picea glauca x engellmannii 

 
Saskatoon  Amelanchier alnifolia 

 Tall Oregon grape  Mahonia aquifolium 
 Birch-leaved spirea  Spiraea betulifolia 
 Baldhip rose  Rosa gymnocarpa 
 Douglas maple  Acer glabrum 
 Falsebox  Paxistima myrsinites 
 Black huckleberry  Vaccinium membranaceum 
 Western yew  Taxus brevifolia 
 Devil‘s club  Oplopanax horridus 
 Red-osier dogwood  Cornus stolonifera 
 Oval-leaved blueberry  Vaccinium ovalifolium 

 
Yarrow  Achillea millefolium 

 Parsley fern  Cryptogram ma crispa 
 Western fescue  Festuca occidentalis 
 White-flowered hawkweed  Hieracium albiflorum 
 Prince‘s pine  Chimophila umbellata 
 Twinflower  Linnaea borealis 
 Queen‘s cup  Clintonia uniflora 
 Rattlesnake plantain  Goodyera oblongifolia 
 Wild sarsaparilla  Aralia nudicaulis 
 Lady fern  Athyrium filix-femina 
 Sweet-scented bedstraw  Galium triflorum 
 One-leaved foamflower  Tiarella trifoliata var. unifoliata 
 Oak fern  Gymnocarpium dryopteris 
 Common horsetail  Equisetum arvense 
 Five-leaved bramble  Rubus pedatus 

 
Red-stemmed feathermoss  Pleurozium schreberi 

 Leafy mosses  Mnium spp. 

http://www.lakesteward.ca/
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Riparian Plants 
Table 11 provides a list of native plants that are indicative of vegetation in riparian areas next to 
streams, rivers, lakes, and wetlands in the ICHdw.  Again, this will vary with site specific 
conditions such as slope, aspect, soil type, and moisture regime.  Consult with a qualified 
professional before undertaking any restorative measures within the riparian area. 
 
Table 11.  ICHdw Riparian Vegetation (Modified) (Braumandl and Curran, 1992) 

 Common Name Landscape Scientific Name 

 
Douglas fir Morainal/Upper Fluvial Psuedotsuga menziesii 

 Western white pine Upper Fluvial Pinus monticola 
 Paper birch Morainal/Upper Fluvial Betula papyrifera 
 Western redcedar Morainal/Upper Fluvial/Fluvial Thuja plicata 
 Western hemlock Morainal/Upper Fluvial/Fluvial Tsuga heterophylla 
 Black cottonwood Upper Fluvial Populus balsamifera 
 Hybrid white spruce Upper Fluvial/Fluvial Picea glauca x engellmannii 

 
Saskatoon Morainal Amelanchier alnifolia 

 Tall Oregon grape Morainal Mahonia aquifolium 
 Birch-leaved spirea Morainal Spiraea betulifolia 
 Baldhip rose Morainal Roas gymnocarpa 
 Douglas maple Morainal/Upper Fluvial Acer glabrum 
 Falsebox Morainal/Fluvial Paxistima myrsinites 
 Black huckleberry Morainal/Fluvial Vaccinium membranaceum 
 Western yew Morainal/Upper Fluvial/Fluvial Taxus brevifolia 
 Devil‘s club Upper Fluvial/Fluvial Oplopanax horridus 
 Red-osier dogwood Fluvial Cornus stolonifera 
 Oval-leaved blueberry Fluvial Vaccinium ovalifolium 

 
Prince‘s pine Morainal Chimophila umbellata 

 Twinflower Morainal/Upper Fluvial/Fluvial Linnaea borealis 
 Queen‘s cup Morainal/Upper Fluvial/Fluvial Clintonia uniflora 
 Rattlesnake plantain Morainal Goodyera oblongifolia 
 Wild sarsaparilla Morainal/Upper Fluvial Aralia nudicaulis 
 Lady fern Upper Fluvial/Fluvial Athyrium filix-femina 
 Sweet-scented bedstraw Upper Fluvial Galium triflorum 
 One-leaved foamflower Upper Fluvial/Fluvial Tiarella trifoliata var. unifoliata 
 Oak fern Upper Fluvial/Fluvial Gymnocarpium dryopteris 
 Common horsetail Fluvial Equisetum arvense 
 Five-leaved bramble Fluvial Rubus pedatus 

 
Red-stemmed feathermoss Morainal Pleurozium schreberi 

 Leafy mosses Fluvial Mnium spp. 

 
Aquatic Plants 
Various monitoring studies of Christina Lake have documented rooted and floating plants in the 
littoral zone, suspended algae (plankton), and attached algae (periphyton).  There are 53 aquatic 
plant species that have been identified in Christina Lake.  For a list of 52 of these aquatic plant 
species refer to the Christina Lake Water Quality Assessment and Objectives, Technical 
Appendix, September 1994.  A copy of this report is available on the Ministry of Environment 
website http://www.env.gov.bc.ca/ecocat.  A fairly recent introduced aquatic plant is curlyleaf 
pondweed (Potamogeton crispus) which was discovered and positively identified by the RDKB 
Eurasian Watermilfoil Control Program SCUBA divers in the summer of 2007. 
 
Invasive Aquatic Plants: 
Eurasian watermilfoil (Myriophyllum spicatum) an introduced and very invasive plant (first 
discovered in Christina Lake in 1986) has raised many concerns over the impacts it has on 
recreational quality and habitat for native species.  

http://www.env.gov.bc.ca/ecocat
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Photograph 18.  Eurasian watermilfoil (Myriophyllum spicatum) 

 
The Regional District of Kootenay Boundary has operated a milfoil control program since 1988.  
The program employs two to three SCUBA divers who hand pull milfoil and remove it from the 
lake.  This program is able to contain large infestations, but does not have the resources to 
remove all milfoil.  Due to its vegetative reproduction ability, milfoil spreads extremely quickly.  
Fragments often develop roots before they detach from the parent plant (Canadian Wildlife 
Service, 2004). The spread of milfoil has many negative impacts.  Swimming and recreation areas 
can become congested, native species lose valuable habitat, native plants are displaced, and 
stagnant water created by milfoil mats provides breeding ground for mosquitoes (University of 
Winnipeg, 2004).  Local residents and tourists alike have commented on increased amounts of 
milfoil in the shallow (littoral) regions of Christina Lake.  For further information on the Eurasian 
Watermilfoil Control Program contact the RDKB at 1-800-355-7352 or visit their website for their 
annual report at http://www.rdkb.com. 
 

3.1.3 Fish 
Christina Lake is a warm water lake that hosts a wide range of fish species.  Currently, 19 species 
are confirmed to be present and 14 other species may occur in the lake since they are present in 
connecting tributaries and the Kettle River system.  Christina Lake supports warm-water fish 
species such as centrarchids (bass and sunfish), ictaluruds (catfish); as well as cold-water species 
such as salmonids (trout, kokanee, and whitefish), and lotidae (burbot) (Mitchell and LaCroix, 
2004).  Many species have been introduced over the last century and have naturalized.  Of the 19 
confirmed species, 10 have been introduced and 3 introduced via early government stocking 
programs.  Historically Christina Lake had indigenous Rainbow Trout and Kokanee.  However, 
subsequent stocking of these species from other gene pools (such as the Lardeau River Rainbow 
Trout) means that what is left of the indigenous populations today in Christina Lake is unknown.  It 
is also unknown at this time the status of introduced (exotic) species and the possible impacts that 
these species have on native fish populations.  Other non-native fish species present in Christina 
Lake are believed to be immigrants from species introduced to the F.D. Roosevelt Reservoir, in 
Washington State (e.g. carp, pumpkinseed sunfish, bullheads, tiger musky) (ARL, 2000).  A map 
is provided in Appendix E showing known locations for shoreline spawning kokanee habitat.  
Table 12 in Appendix D provides a listing of confirmed and unconfirmed fish species for Christina 
Lake. 
 

http://www.rdkb.com/
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Table 13 in Appendix D provides a list of all streams and indicates weather the stream is perennial 
or intermittent as well if they are fish bearing (species present). 
 
For more details on the fish species in Christina Lake, stocking records, historical commercial 
fisheries, surveys, and enumerations, refer to the Christina Lake Management Plan - A 
Community Watershed-Based Plan which can be accessed via the internet at the CLSS website 
http://www.lakesteward.ca. 
 

3.1.4 Wildlife 
The Christina Lake watershed provides a diverse and complex array of wildlife habitat types.  
From lowland floodplains to alpine slopes, myriad habitat types are represented in the area.  While 
some may value wildlife for their known and potential economic values, for others the aesthetic, 
spiritual or intrinsic values are reason enough to take conservation measures.  Because 
ecosystems of any type are complex networks of interconnected organisms, the loss or severe 
decline of one component can affect all remaining species, often in ways that humans cannot 
predict or fully understand.  Because of intensive human development and activities in the dry 
valley bottoms of BC‘s southern interior, some areas of the Christina Lake watershed are 
considered to be the last remaining intact natural habitats of their kind (Ramsay, 2001).  This area 
also supports a multitude of dragonfly species. In 2001 on crown-owned District Lot 498, which 
straddles Christina Creek, a wildlife survey undertaken by BC‘s Conservation Data Centre 
identified wildlife that inhabit or use the aforementioned parcel of land.  Forty mammal species, 
140 bird species, 16 dragonfly species (4 of which are red or blue listed in BC), 6 reptiles and 5 
rare plant species were observed within District Lot 498 (R. Walker, 2001). 
 
Other areas of the watershed also support an abundance of wildlife.  Gladstone Provincial Park, 
which encompasses the northern half of the lake, protects important kokanee spawning habitat, 
ungulate winter range, and regionally important habitat for grizzly bears (BC Parks, 2001).  With 
elevation change, habitats, and consequently wildlife species occurrence and distribution, tend to 
change.  Many species use a variety of habitat types to meet their needs from season to season.  
Ungulates such as mule deer, mountain goats and moose utilize valuable winter range habitat in 
the area although their summer range is much more extensive (G. Furness, 2004).  Grizzly bears, 
black bears, and birds of prey are frequently observed near the main kokanee spawning channels 
in the late summer and fall yet the full extent of their range is far greater in size.  Grizzly bears, for 
example, change habitat with the season; feeding on new growth on south facing slopes in the 
spring, shifting to berry patches and marmot colonies in the summer, and descending to 
concentrate on kokanee spawning streams in the fall (McTaggart-Cowan, I. and C.J. Guiguet, 
1978).  A single male adult Grizzly bear can have a range in excess of 440 square kilometres.   
For comparison, Gladstone Provincial Park has an area of about 393 square kilometres (BC 
Parks, 2001) and the entire Christina Lake watershed is 519 square kilometres.  Within the 
Christina Lake watershed Ungulates include mule and white tail deer, mountain goats, moose, 
and elk.  The semi-alpine and alpine elevations of Mt. St. Thomas, Mt. Gladstone, and the 
headwaters of Sandner Creek support a small population of grizzly bear and the Texas Creek 
basin supports a small population of cougar. 
 
Black bear and coyote are plentiful and widely distributed throughout the watershed.  Wolves were 
believed to be extirpated from the Watershed but unconfirmed reports were received in 2007 to 
2009 at the CLSS office by B. LaCroix and may indicate a return of these illusive species.  Small 
mammals are widely distributed from low elevation to alpine slopes.  These include squirrel, 

http://www.lakesteward.ca/
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rabbit, marmot, and raccoon.  Badgers, although rare, are present (R. Walker, 2004).  Other fur 
bearing mammals are present in varying populations such as mink, muskrat, beaver, wolverine, 
martin and weasel. 
 
Bioindicators are organisms such as lichens, amphibians, and fish that serve as an indication of 
ecosystem health.  These types of organisms are very sensitive to habitat disturbances and often 
provide the first signs that a problem exists through a change in population abundance, health 
and/or distribution. Effective wildlife management for some species requires consideration of large 
tracts of land while others require very limited areas with specific or unique attributes for survival.   
 
Wildlife biologists face the challenging task of balancing the needs of wildlife with the needs of 
human development.  For an example, R. Walker a local renowned naturalist states that there is 
no nesting Loons on Christina Lake due to the loss of appropriate habitat (R. Walker, 2005). 
 
For more details on the wildlife species present in the Christina Lake watershed, refer to the 
Christina Lake Management Plan - A Community Watershed-Based Plan which can be accessed 
via the internet at the CLSS website http://www.lakesteward.ca. 
 

3.1.5 Species at Risk 
The BC Conservation Data Centre ―BC Species and Ecosystems Explorer Internet Tool‖ (CDC, 
2009) was used to generate a list of species at risk or vulnerable associated with lacustrine (lake) 
or palustrine (wetland) habitat types in the Arrow Boundary Forest District.  This list was reviewed 
by local naturalist Ron Walker who identified species known to occur in the area and species to 
remove from the list as they are not known to be in the area or there has not been a confirmed 
occurrence reported.  The completed list identifies 47 confirmed species of plants and animals 
that are either endangered or vulnerable at Christina Lake (See Table 14 in Appendix D).  Three 
ecological communities at risk found in the Interior Cedar Hemlock dry warm biogeoclimatic 
subzone variant (ICHdw1) may also occur at Christina Lake (See Table 15 in Appendix D).  Also 
see (Table 16 in Appendix D) for an explanation on ranking codes. 

http://www.lakesteward.ca/
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4. RESULTS 
A total of 45,774.1 m of foreshore was surveyed and delineated into 71 contiguous segments.  Six 
hundred and fifty two individual site (lot) assessments were surveyed with a total foreshore 
measurement of 46,273.1 m producing a difference of 499 m from the segment total.  This 
variation may result from the segment line being much straighter than the actual contours of the 
lot frontage lines.  Therefore, segment summary calculations are based on using the total 
foreshore measurement of 45,774.1 m.  The site (lot) assessments total foreshore measurement 
of 46,273.1 m (which reflects a more accurate foreshore measurement) was used for data 
calculations, attribute results, and site assessment summaries.  The following section provides 
summaries which have been divided into these two assessment types. 
 

4.1 Christina Lake Segment Assessments 

During the initial phase of this project, the entire shoreline of Christina Lake was videotaped and 
71 segments were delineated and assessed.  The segment database gives us an overview of 
abundance levels pertaining to upland vegetation, riparian vegetation, shore cover, aquatic and 
submerged vegetation, as well as documentation of the presence of foreshore modifiers such as 
beach grooming, retaining walls, docks, boat houses, boat launches, and groynes.  Within the 71 
segments individual lot assessments were conducted to further define the above-mentioned 
attributes.   
 
The segment numbers and the CLFIM site (lot) assessments that are within each segment as well 
as shore type, known shoreline Kokanee spawning habitat, segment length, and overall level of 
impact is described in Table 17.   
 
A map showing the locations of known shoreline kokanee spawning habitat is in Appendix E. 
 
A key to the field headings in the CLFIM segment database is provided in Appendix A and a copy 
of the segment database is provided in Appendix B.  Maps showing individual lake segment and 
site (lot) assessment locations are provided in Appendix E. 
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Table 17.  Christina Lake Segments, Shore Type, Known Shoreline Kokanee Spawning 
Habitat, Level of Impact, Segment Length, and CLFIM Site Numbers 

Segment Number Shore Type 

Known Shoreline 
Kokanee 

Spawning Habitat 
Level of Impact 

(LOI) 
Segment 
Length 

CLFIM SITE Numbers 
(Lot Assessments) 

0 Stream Mouth 
 

High (>40%) 128.8536075 

Christina Creek (Outlet) 

1 Wetland 
 

High (>40%) 172.9550394 

Community Nature 
Park  

2 Wetland 
 

High (>40%) 251.8592645 
1 

3 Wetland 
 

Low (<10%) 222.2789698 
2 

4 Sand Beach 
 

High (>40%) 548.3324683 
3-5 

5 Sand Beach 
 

High (>40%) 72.61042843 
6 

6 Sand Beach 
 

High (>40%) 87.89080707 
7-8 

7 Sand Beach 
 

High (>40%) 1218.5757 
9-51 

8 Gravel Beach 
 

Medium (10-40%) 235.4707961 
52-58 

9 Gravel Beach 
 

High (>40%) 92.12964768 
59-60 

10 Gravel Beach 
 

High (>40%) 352.6520997 
61-75 

11 Low Rocky Shore  Medium (10-40%) 1086.137689 
76 

12 Low Rocky Shore  Medium (10-40%) 547.8385615 
77-87 

13 Low Rocky Shore 
 

None 197.7048543 
None 

14 Gravel Beach 
 

Low (<10%) 213.2724885 
88 

15 Low Rocky Shore  Low (<10%) 519.140075 
None 

16 Cliff/Bluff 
 

None 67.43575319 
89 

17 Low Rocky Shore  Low (<10%) 599.0451287 
90-91 

18 Gravel Beach 
 

None 93.43284899 
None 

19 Low Rocky Shore  None 272.2108524 
92 

20 Low Rocky Shore  Low (<10%) 464.932037 
93-99 

21 Gravel Beach  High (>40%) 599.3752634 
100-126 (117-1) 

22 Low Rocky Shore  None 79.9769192 
127-128 

23 Gravel Beach  High (>40%) 693.5486663 
129-158 

24 Sand Beach  High (>40%) 699.0297245 
159-180 

25 Low Rocky Shore  Low (<10%) 241.0200506 
181 

26 Gravel Beach  High (>40%) 706.7744445 
182-202 

27 Low Rocky Shore 
 

High (>40%) 640.9130358 
203-219 

28 Gravel Beach 
 

High (>40%) 1149.053363 
220-253 

29 Low Rocky Shore  High (>40%) 417.6109995 
254-277 

30 Low Rocky Shore  Low (<10%) 465.195644 
278-279 

31 Sand Beach 
 

Medium (10-40%) 103.1481945 
None 

32 Gravel Beach 
 

None 89.3715292 
None 

33 Low Rocky Shore  Medium (10-40%) 90.95456123 
376 

34 Gravel Beach  None 105.3487738 
None 

35 Gravel Beach  Low (<10%) 978.4283535 
377-398 
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Segment Number Shore Type 

Known Shoreline 
Kokanee 

Spawning Habitat 
Level of Impact 

(LOI) 
Segment 
Length 

CLFIM SITE Numbers 
(Lot Assessments) 

36 Low Rocky Shore  Low (<10%) 119.4284326 
None 

37 Sand Beach 
 

Low (<10%) 65.72112004 
399 

38 Low Rocky Shore 
 

Low (<10%) 510.3237509 
None 

39 Cliff/Bluff 
 

Low (<10%) 1481.957796 
400-407 

40 Cliff/Bluff 
 

Low (<10%) 363.7970366 
408-414 

41 Low Rocky Shore 
 

Low (<10%) 248.159696 
415-416 

42 Cliff/Bluff 
 

Low (<10%) 580.2488952 
417-434 

43 Gravel Beach 
 

Medium (10-40%) 993.3885764 
435-458 

44 Low Rocky Shore 
 

Low (<10%) 165.8717663 
459 

45 Cliff/Bluff 
 

Medium (10-40%) 1860.510077 
460-480 

46 Cliff/Bluff 
 

Low (<10%) 1608.22464 
481-484 

46.1 Low Rocky Shore 
 

High (>40%) 297.2292076 
485-508 

47 Low Rocky Shore 
 

High (>40%) 117.8541327 
509 

48 Low Rocky Shore 
 

Low (<10%) 352.4247616 
None 

49 Cliff/Bluff 
 

None 355.1229899 
510-511 

50 Cliff/Bluff 
 

Medium (10-40%) 536.4812086 
512-523 

51 Gravel Beach 
 

Medium (10-40%) 232.7801546 
524-525 

52 Gravel Beach 
 

High (>40%) 93.03643892 
526 

53 Low Rocky Shore 
 

High (>40%) 505.1996905 
527-540 

54 Low Rocky Shore 
 

High (>40%) 1552.571462 
541-603 

55 Sand Beach 
 

High (>40%) 383.85913 
604-619 

56 Sand Beach 
 

High (>40%) 310.2849261 
620 

57 Sand Beach 
 

High (>40%) 569.0583417 
601-651 

60 Cliff/Bluff 
 

None 1030.615646 370-375 

61 Low Rocky Shore  Low (<10%) 723.7151073 361-369 

62 Sand Beach  Medium (10-40%) 283.6082475 353-360 

63 Low Rocky Shore 
 

Medium (10-40%) 194.6812417 351-352 

64 Cliff/Bluff 
 

None 684.4303928 348-350 

65 Cliff/Bluff 
 

Low (<10%) 354.9823766 347 

66 Low Rocky Shore 
 

Low (<10%) 192.0069765 345-346 

67 Low Rocky Shore  Low (<10%) 493.9249662 338-344 

68 Low Rocky Shore 
 

Low (<10%) 502.5318344 329-337 

69 Wetland  None 3552.881289 308-328 

70 Sand Beach  Medium (10-40%) 751.0130181 307 

71 Cliff/Bluff  Low (<10%) 9201.711953 280-306 

    

Segment 
Total: Site (Lot) Total: 

    
45774.1 m 46273.1 m 
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 Disturbance vs. Natural 
The overall results from the segment database indicate that 41% (18.577 m) of the lake foreshore 
is rated as having a medium to high level of disturbance and that 45% (20,688 m) of the lake 
foreshore is rated as having low levels of disturbance.  Of the entire foreshore, 14% (6,529 m) is 
in a natural condition.  Table 19 provides a summary of the level of impact ratings for the entire 
foreshore of Christina Lake. 
 

 Land Use 
Land use will be discussed in section 4.2 – Christina Lake site (lot) assessments. 
 

 Shore Type 
The predominant shore type for Christina Lake is cliff/bluff which covers approximately 40% of the 
lake foreshore. (Table 18) 
 

Table 18.  Segment Assessment Shore Type Summary 
Shore Type Length (m) % of Total 

Cliff/Bluff 18125.5 40% 

Gravel Beach 6628.1 14.5% 

Low Rocky Shore 11598.6 25% 

Sand Beach 5093.1 11% 

*Stream Mouth 128.9 0.3% 

Vegetated Foreshore 0 0% 

Wetland 4199.9 9.2% 

Total Foreshore 45,774.1 m 100% 

 
*On Christina Lake there are 42 tributaries with only some of them mentioned on the site (lot 
assessment) database which is discussed in section 4.2 below.  Table 7 in Appendix D lists all 
inflowing streams with the watershed codes and stream lengths.  Table 13 in Appendix D provides 
a list of all streams and indicates weather the stream is perennial or ephemeral as well as fish 
bearing   The stream mouth identified in the segment database (segment 0) is the lake outlet 
(Christina Creek).  All lake tributaries are on the project maps and further information on their 
status can be found in the Christina Lake Tributary Study (ARL Report, 2001) 
 
Additional observations and findings during the field review and data compilation pertaining to 
shore type are as follows: 
 

1. The “Cliff/Bluff” Shore Type:  The CLFIM segment database revealed that the 
predominant slope (excluding the south-end bench) is 20-60% and the predominant shore 
type is Cliff/Bluff.  This shore type covers a broad spectrum of shore types with steep 
slopes that should be differentiated into further shore type categories.  Cliff is defined as a 
vertical or near vertical rock exposure.  A bluff is defined as a very steep and broad hill or 
small cliff.  In the SHIM database this shore type is limited to 60%+ or 20%-60% Steep.  
This leaves out shore types that are prevalent on many lakes in B.C.  As Christina Lake is 
categorized as long and narrow with a steep slope, U-shaped glacially carved bottom 
(Cavanagh et al, 1994), it has shore types that vary in rock formation, particle size, and the 
ability to create vegetative rooting compounds.  Therefore, slope, soil types, moisture 
regime and rooting depths produce vegetated cover on very steep slopes resulting in the 
need for further differentiating cliff/bluff with the addition of talus slope and forested steep 
slope shore types. 
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Photograph19.  Cliff Bluff Shore Type 

 
Consideration of the addition of two shore type categories is discussed below. 
 

 Talus Slope Shore Type: Using the angle of repose (the maximum angle of a stable slope) 
which depends on particle shape, is generally considered 36○degrees which varies greatly 
from the definition of a cliff or bluff. 
 

 
Photograph 20.  Talus Slope Shore Type 

 

 Forested Steep Slope:  Key indicators if undisturbed are vegetation from upland to the 
shoreline, with riparian vegetative growth.  Not a cliff, bluff or talus slope. 
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Photograph 21.  Forested Steep Slope Shore Type 

 
Recommendations pertaining to these two shore types will be discussed in section 7 of this 
report. 
 

2. The “Stream Mouth” Shore Type:  As mentioned above, the only stream mouth that was 
identified in the segment assessments was Christina Creek, the one outlet of Christina 
Lake.  There are 42 other tributaries that flow perennially or ephemerally into Christina 
Lake.  Many are fish bearing.  The CLFIM maps indicate where the streams are located 
that flow into the lake but not all are mentioned in the database.  It is of great importance 
that all streams be properly inventoried and monitored.  Recommendations to conduct FIM 
assessments on all Christina Lake tributaries will be discussed in section 7 of this report. 
 

3. During initial segment assessments, spring freshette was just underway and the lake water 
level was still fairly low.  The “Vegetated Foreshore” Shore Type” was not evident at this 
time.  It was noted during the later part of the site (lot assessment) phase of this project 
(during the summer months) when water levels were higher, that there were several 
sections within some segments that did have overhanging vegetation along the foreshore.  
A review of the segment database and orthophotos indicates some segments that have 
been classified as having Shore Type ―Gravel Beach‖ and ―Low Rocky Shore‖ 
predominantly have ―Vegetated Foreshore‖ attributes at higher water levels.  In section 4.2 
below, calculations from the lot assessments - riparian coverage and abundance will help 
to ascertain actual vegetated foreshore coverage. 
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Photo. 22 (1) Photo. 23 (2) 

Photographs 22 – 23.  Vegetated Foreshore Shore Type 
 

 Foreshore Modifications 
A summary of foreshore modifications from the segment assessments is discussed at the end of 
this section.  Further details on modification levels and modification types that occur at Christina 
Lake are provided in section 4.2 Christina Lake site (lot assessments). 
 

 Aquatic Vegetation 
At this time, 53 aquatic species have been identified in Christina Lake.  There are many native 
species as well as introduced invasive species such as Eurasian watermilfoil and a fairly new 
occurrence of introduced curlyleaf pondweed that had not been previously identified in this lake 
system.  Details of aquatic vegetation occurrences (emergent and submergent) and estimated 
linear coverage is provided in section 4.2 Christina Lake Lot Assessments. 
 

 Riparian and Upland Vegetation 
A review of the CLFIM data base revealed that the dominant riparian vegetation type (riparian 
class) for the Christina Lake foreshore was divided fairly evenly between shrubs in various stages 
of succession and mixed young forest.  Shore cover for both of these riparian vegetation types is 
most abundant in the northern foreshore of the lake (including northeast and northwest) and to a 
lesser extent on the southwest foreshore.  Areas of sparse or no cover are predominantly at the 
south end of the lake.  The greatest proportion of riparian veteran‘s trees and snags was found in 
the north, northeast, and northwest foreshore of the lake and to a lesser extent the southwest 
foreshore. 
 
The dominant upland vegetation type (upland class) consists of mixed mature forest with a higher 
percentage of coniferous trees with abundance levels highest in the north, northeast, northwest, 
and to a lesser extent on the southwest side of the lake.  A greater proportion of veteran trees and 
snags (in comparison to the riparian area) where found in the majority of the segments (excluding 
the south end of the lake).  Further extensive details on all of the aforementioned vegetation types 
and abundance levels are provided in section 4.2 Christina Lake site (lot assessments). 
 

 Summary of Foreshore Modification Impacts 
For each segment, a level of impact (LOI) was allocated per the defined attributes on the 
database. The segment attributes (field headings) include number of dock, retaining walls, boat 
launches, groynes, and shoreline modifications.  See Appendix A for a key to the segment 
attributes (field headings) and Appendix B for a copy of the segment database. 
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All forms of foreshore modification have taken place at Christina Lake, including removal of 
riparian vegetation, removal of lake substrate, beach grooming, retaining walls below the high 
water mark (HWM), removal of upland vegetation, roads, boat launches, boat houses, groynes, 
and grounded docks. 
 
Overall results indicate that 25.5% (11,661.3 m) of the lakes foreshore has been highly impacted 
by humans.  Another 15% (6,916 m) has medium impact levels which mean that modifications 
have taken place but the occurrence of natural attributes is more prevalent.  The low level of 
impact category was 45.2% (20,688.3 m) which means that most of the area is natural but some 
minor modifications have occurred.  The foreshore areas that have no impacts (none) was 
calculated to be 14.3% (6,528.5 m).  Therefore, of the entire foreshore length of Christina Lake 
(45,774.1 m or 45.7 km), 85.7% (39,245.6 m or 39.2 km) has a level of impact rating and 14.3% 
(6528.5 m or 6.5 km) is in a natural state. (See Table 19) 
 

Table 19.  Segment Assessments Level of Impact Summary 
Level of Impact (LOI) Length (m) % of Total 

None 6528.5 14.3% 

Low 20668.3 45.2% 

Medium 6916.0 15.0% 

High 11661.3 25.5% 

Total Foreshore 45,774.1 m 100% 

 

4.2 Christina Lake Site (Lot Assessments) 

In order to provide a more detailed analysis of foreshore conditions of Christina Lake, 652 CLFIM 
sites (lot) assessments were conducted.  The total foreshore length surveyed was 46,273.1 m or 
46.3 km.  To better manage the volume of data generated from these assessments and 
summarizing the results, the lake was divided into three sections: 
 
South Map North up to and includes Lighthouse Point on the west side and North up to the 
endpoint of Brown Rd. on the east side. 
 
English Point Map North one lot past Gill Creek on the west side and North up to Texas Creek on 
the east side. 
 
North Map Encompasses the foreshore of Gladstone Provincial Park, MOT crown access points, 
and waterfront private land holdings within the park boundaries.  Gladstone Provincial Park 
boundaries extend 100m into the lake. 
 
See Map 3 CLFIM Index Map of Map Sections. 
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Map 3.  Christina Lake Foreshore Inventory & Mapping – Index Map of Map Sections 
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An example of the data sheet used for each site and a key to the field headings in the CLFIM site 
(lot) assessment database is provided in Appendix C. Digital and hardcopies of all site 
assessments and photographs are housed at the CLSS office as well as digital copies have been 
provided to our CLFIM Project Partners (DFO, RDKB, and MOE).  As discussed earlier in this 
report, privacy concerns as well as the magnitude of data that these assessments generated 
make it impossible to append to this report.  Maps showing segment and site (lot) assessment 
locations are provided in Appendix E. 
 

 Land Use 
 
Table 23 provides a summary of land use designation (zoning types) for the Christina Lake 
foreshore.  The summary includes the total foreshore length and percentage for each land use 
type.  Tables 20, 21, and 22 in Appendix D provide a breakdown of land use by the individual 
CLFIM maps (South, English Point, and North).  The calculations were derived from the CLFIM 
site assessment database. 
 
Calculations include Ministry of Transportation and Infrastructure (MOT) Crown access points (41) 
with (1) foreshore highway corridor located in the southeast. 
 
Table 23.  Summary of Land Use Designation - Foreshore Length and Percentage 

 

Land Use Designation Foreshore Length (m) Percentage 

Residential (All) 24,652.4 53.2% 

Natural Resource 1 (All) 1,465.1 3.2% 

Commercial (All) 969.9 2.1% 

MOT (42) 1,885.5 4.1% 

Parks and Recreational 
(All) 

17,300.2 37.4% 

TOTAL LENGTH 46,273.1 m TOTAL % = 100% 

 

 

4.2.1 Foreshore Condition – by Site (Lot Assessments) 
Foreshore conditions that were assessed at Christina Lake include riparian vegetation, upland 
vegetation, and aquatic vegetation (emergent and submerged).  As the parameters for each of 
these attributes was assessed in an array of percentage ranges, criteria had to be established to 
provide a consistency to the data calculations and results.  The following assessment ranking was 
used for all attribute calculations for Foreshore Condition as well as in Section 4.2.2 Foreshore 
Modification. 
 
Assessment Ranking: 

 (0-25%) (<25%) = 15% 

 (25-50%) (26-50%) (>25%) (<50%) = 35% 

 (50-75%) (51-75%) (>50%) = 65% 

 (75-100%) (76-100%) (>75%) = 85% 

 Other percentages found in the database are 25%, 50%, 75%, and 100% 
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 Riparian Vegetation 
Riparian vegetation calculations are based on estimated percentage (%) of linear coverage.  
Table 25 provides a summary of riparian vegetation coverage by land use designation for the 
south map foreshore area.  Table 24 in Appendix D provides riparian coverage calculations by 
individual land use types located in the south map foreshore area. 
 
Table 25.  Summary of South Map Riparian Vegetation Coverage by Land Use Designation 

Land Use Foreshore Length (m) Riparian Coverage (m) 

Residential (Includes NR1 Residential) 9,962.5 4,094.7 

Natural Resource 1 (Crown) 273.8 232.7 

MOT Crown Access (19) 1472 866.4 

Commercial 939.9 141 

Parks and Recreational 1 1,515 1,079 

 14,163.2 m 6,413.8 m 

 

Total South Map Riparian Coverage % 45% 

 
Table 27 provides a summary of riparian vegetation coverage by land use designation for the 
English Point map foreshore area.  Table 26 in Appendix D provides riparian coverage 
calculations by individual land use types located in the English Point map foreshore area. 
 
Table 27.  Summary of English Point Map Riparian Vegetation Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Riparian Coverage (m) 

Residential  8,205.5 3,234 

MOT Crown Access (16) 282.3 159.1 

Commercial 30 4.5 

 8,517.8 m 3,397.6 m 

 

Total English Point Map Riparian Coverage % 40% 

 
Table 29 provides a summary of riparian vegetation coverage by land use designation for the 
north map foreshore area.  Table 28 in Appendix D provides riparian coverage calculations by 
individual land use types located in the north map foreshore area. 
 
Table 29.  Summary of North Map Riparian Vegetation Coverage by Land Use Designation 

Land Use Foreshore Length (m) Riparian Coverage (m) 

Residential 7,675.7 5,037.1 

MOT Crown Access (6) 131.2 96.7 

Parks and Recreational 1 15,785.2 12,726.3 

 23,592.1 m 17,860.1 m 

 

Total North Map Riparian Coverage % 76% 

 
Table 30 presents a summary of riparian vegetation coverage by land use for the entire foreshore 
of Christina Lake. 
 
Table 30.  Summary of Christina Lake Riparian Vegetation Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Riparian Coverage (m) Riparian Coverage (%) 

Residential (Includes NR1 Residential) 25,843.7 12,365.8 26.8% 

Natural Resource 1 (Crown) 273.8 232.7 0.5% 

MOT Crown Access (42) 1,885.5 1,122.2 2.5% 

Commercial 969.9 145.5 0.3% 

Parks and Recreational 1 17,300.2 13,805.3 29.9% 

 46,273.1 m 27,671.5 m 60% 

 

Total Christina Lake Riparian Coverage % 60% 
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 Upland Vegetation 
Upland vegetation calculations are based on estimated percentage (%) of area coverage. 
Foreshore length by 100m (the distance from riparian area to upland that was assessed). The 
calculations are not based on land use as in some cases 100 metres upland would be out of lot 
boundaries.  (See Section 7 for Recommendations) 
 
Table 32 summarizes upland vegetation coverage by CLFIM map sections (South, English Point, 
and North) with a combined overall total for the Christina Lake upland vegetation area in hectares 
and percentage.  Table 31 in Appendix D provides a breakdown of the percentage range of 
upland vegetation coverage for each map section (South, English Point, and North). 
 
Table 32.  Summary of Christina Lake Upland Vegetation Coverage 

Map Foreshore Length 
(m) 

Foreshore Length (m) 
x Upland 100 (m) 

Total Hectares 
(ha) 

Upland Vegetation 
Coverage (m

2
) 

Upland Vegetation 
Hectares (Ha) 

South 14,163.2 1,416,320 141.63 615,616 61.56 

English Point 8,517.8 851,780 85.17 495,788.5 49.57 

North 23,592.1 2,359,210 235.92 1,965,306.5 196.53 

 46,273.1(m) 4,627,310 m
2
 462.73 ha 3,076,711 m

2
 307.67 ha 

 

Total Hectares (ha)) 462.73(ha) 

 

Total Upland Vegetation Coverage Hectares (ha) 307.67(ha) 

 

Percentage (%) of Upland Vegetation (to 100(m) upland of riparian 
area) 

66% 

 

 Aquatic Vegetation (Emergent) 
Aquatic vegetation (emerged and on dry ground during low water periods) calculations are based 
on estimated percentage (%) of linear coverage (foreshore length).  Table 34 provides a summary 
of aquatic vegetation coverage by land use designation for the south map foreshore area.  Table 
33 in Appendix D provides aquatic vegetation coverage calculations by individual land use types 
located in the south map foreshore area. 
 
Table 34.  Summary of South Map Aquatic Vegetation (Emergent) Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Aquatic Veg. Coverage 
(m) 

Residential (Includes NR1 Residential) 9,962.5 3,197.4 

Natural Resource 1 (Crown) 273.8 232.7 

MOT Crown Access (19) 1472 830.6 

Commercial 939.9 141 

Parks and Recreational 1 1,515 1,078.6 

 14,163.2 m 5,480.3 m 

 

Total South Map Aquatic Veg. Coverage % 39% 
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Table 36 provides a summary of aquatic vegetation coverage by land use designation for the 
English Point map foreshore area.  Table 35 in Appendix D provides aquatic vegetation coverage 
calculations by individual land use types located in the English Point map foreshore area. 
 
Table 36.  Summary of English Point Map Aquatic Vegetation (Emergent) Coverage by Land 
Use Designation 

Land Use Foreshore Length (m) Aquatic Veg. Coverage 
(m) 

Residential 8205.5 2,711.4 

MOT Crown Access (16) 282.3 150.2 

Commercial 30 4.5 

 8,517.8 m 2,866.1 m 

 

Total English Point Map Aquatic Veg. Coverage % 34% 

 
Table 38 provides a summary of aquatic vegetation coverage by land use designation for the 
north map foreshore area.  Table 37 in Appendix D provides aquatic vegetation coverage 
calculations by individual land use types located in the north map foreshore area. 
 
Table 38.  Summary of North Map Aquatic Vegetation (Emergent) Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Aquatic Veg. Coverage 
(m) 

Residential 7,675.7 3,851 

MOT Crown Access (6) 131.2 96.7 

Parks and Recreational 1 15785.2 12,565.6 

 23,592.1 m 16,513.3 m 

 

Total North Map Aquatic Veg. Coverage % 70% 

 
Table 39 presents a summary of aquatic vegetation coverage by land use for the entire foreshore 
of Christina Lake. 
 
Table 39.  Summary of Christina Lake Aquatic Vegetation (Emergent) Coverage by Land 
Use Designation 

Land Use Foreshore Length (m) Aquatic Vegetation (m) Aquatic Veg. Coverage 
(%) 

Residential (Includes NR1 Residential) 25,843.7 9,759.8 21.1 

Natural Resource 1 (Crown) 273.8 232.7 0.5 

MOT Crown Access (42) 1,885.5 1,077.5 2.3 

Commercial 969.9 145.5 0.3 

Parks and Recreational 1 17,300.2 13,644.2 29.5 

 46,273.1 m 24,859.7 m 54% 

 

Total Christina Lake Aquatic Veg. Coverage % 54% 

 
 

 Aquatic Vegetation (Submerged) 
Aquatic vegetation (submerged) calculations are based on estimated percentage (%) of linear 
coverage (foreshore length) and within the littoral zone.  (See Section 7 for recommendations)  
Table 41 provides a summary of aquatic vegetation coverage by land use designation for the 
south map foreshore area.  Table 40 in Appendix D provides aquatic vegetation coverage 
calculations by individual land use types located in the south map foreshore area. 
 
 
 



Christina Lake Foreshore Inventory and Mapping 

 November 30
th

, 2009                                   41                                         Christina Lake Stewardship Society 

 

Table 41.  Summary of South Map Aquatic Vegetation (Submerged) Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Aquatic Veg. (Submerged) 
Coverage (m) 

Residential (Includes NR1 Residential) 9,962.5 2,252.1 

Natural Resource 1 (Crown) 273.8 0 

MOT Crown Access (19) 1472 486.5 

Commercial 939.9 593.8 

Parks and Recreational 1 1,515 554.5 

 14,163.2 m 3,886.9 m 

 

Total South Map Aquatic Veg. (Submerged) Coverage % 27% 

 
Table 43 provides a summary of aquatic vegetation coverage by land use designation for the 
English Point map foreshore area.  Table 42 in Appendix D provides aquatic vegetation coverage 
calculations by individual land use types located in the English Point map foreshore area. 
 
Table 43.  Summary of English Point Map Aquatic Vegetation (Submerged) Coverage by 
Land Use Designation 

Land Use Foreshore Length (m) Aquatic Veg. (Submerged) 
Coverage (m) 

Residential 8205.5 896.7 

MOT Crown Access (16) 282.3 35.4 

Commercial 30 10.5 

 8,517.8 m 942.6 m 

 

Total English Point Map Aquatic Veg. (Submerged) Coverage % 11% 

 
Table 45 provides a summary of aquatic vegetation coverage by land use designation for the 
north map foreshore area.  Table 44 in Appendix D provides aquatic vegetation coverage 
calculations by individual land use types located in the north map foreshore area. 
 
Table 45.  Summary of North Map Aquatic Vegetation (Submerged) Coverage by Land Use 
Designation 

Land Use Foreshore Length (m) Aquatic Veg. (Submerged) 
Coverage (m) 

Residential 7,675.7 1,342.9 

MOT Crown Access (6) 131.2 10.2 

Parks and Recreational 1 15785.2 1,244.4 

 23,592.1 m 2,597.5 m 

 

Total North Map Aquatic Veg. (Submerged) Coverage % 11% 

 
Table 46 presents a summary of aquatic vegetation coverage by land use for the entire foreshore 
of Christina Lake. 
 
Table 46.  Summary of Christina Lake Aquatic Vegetation (Submerged) Coverage by Land 
Use Designation 

Land Use Foreshore Length (m) Aquatic Vegetation 
(Submerged) (m) 

Aquatic Veg. 
(Submerged) Coverage 

(%) 

Residential (Includes NR1 Residential) 25,843.7 4,491.7 9.7 

Natural Resource 1 (Crown) 273.8 0 0 

MOT Crown Access (42) 1,885.5 532.1 1.1 

Commercial 969.9 604.3 1.3 

Parks and Recreational 1 17,300.2 1798.9 3.9 

 46,273.1 m 7,427 m 16% 

 

Total Christina Lake Aquatic Veg. (Submerged) Coverage % 16% 
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4.2.2 Foreshore Modifications – by Site (Lot Assessments) 
Foreshore modifications at Christina Lake include substrate alternations above and below the high 
water mark as well as retaining walls, docks (including a marina and several commercial 
moorages), boat launches, boat houses, and groynes.  Each one of these alteration types will be 
discussed in the following sections on an individual basis as well as collectively summarized in 
section 4.2.3. 
 

 Substrate Alterations 
The assessment of substrate alterations are defined into two categories as follows: 
 

1.) Substrate alteration 1 (above the high water mark or A-HWM) 
 

2.) Substrate alteration 2 (below the high water mark or B-HWM) 
 
Calculations are based on foreshore length for each site or lot that has been altered (modified) 
above and/or below the high water mark and the extent of alterations.  *Site specific minor 
alterations have been calculated at foreshore length x 15%. 
 
Table 48 provides a summary of substrate alterations A-HWM by land use designation for the 
south map foreshore area.  Table 47 in Appendix D provides substrate alterations A-HWM 
calculations by individual land use types located in the south map foreshore area. 
 
Table 48.  Summary of South Map Substrate Alterations 1 (A-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 1 (A-HWM) (m) 

Residential (Includes NR1 Residential) 9,962.5 9,271.6 

Natural Resource 1 (Crown) 273.8 273.8 

MOT Crown Access (19) 1472 1,423.6 

Commercial 939.9 939.9 

Parks and Recreational 1 1,515 862.7 

 14,163.2 m 12,771.6 m 

 

Total South Map Substrate Alterations 1 (A-HWM) % 90% 

 
Table 50 provides a summary of substrate alterations A-HWM by land use designation for the 
English Point map foreshore area.  Table 49 in Appendix D provides substrate alterations A-HWM 
calculations by individual land use types located in the English Point map foreshore area. 
 
Table 50.  Summary of English Point Map Substrate Alterations 1 (A-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 1 (A-HWM) (m) 

Residential 8205.5 8,002 

MOT Crown Access (16) 282.3 210.1 

Commercial 30 30 

 8,517.8 m 8,242.1 m 

 

Total English Point Map Substrate Alterations 1 (A-HWM) % 97% 
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Table 52 provides a summary of substrate alterations A-HWM by land use designation for the 
north map foreshore area.  Table 51 in Appendix D provides substrate alterations A-HWM 
calculations by individual land use types located in the north map foreshore area. 
 
Table 52.  Summary of North Map Substrate Alterations 1 (A-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 1 (A-HWM) (m) 

Residential 7,675.7 6,985.8 

MOT Crown Access (6) 131.2 41.2 

Parks and Recreational 1 15785.2 3,255.9 

 23,592.1 m 10,282.9 m 

 

Total North Map Substrate Alterations 1 (A-HWM) % 44% 

 
Table 53 presents a summary of substrate alterations A-HWM by land use for the entire foreshore 
of Christina Lake. 
 
Table 53.  Summary of Christina Lake Substrate Alterations 1 (A-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate Alterations 
1 (A-HWM) (m) 

% Sub. Alt.1  
(A-HWM) 

Residential (Includes NR1 Residential) 25,843.7 24259.4 52.4% 

Natural Resource 1 (Crown) 273.8 273.8 0.6% 

MOT Crown Access (42) 1,885.5 1674.9 3.6% 

Commercial 969.9 969.9 2.1% 

Parks and Recreational 1 17,300.2 4,118.6 8.9 

 46,273.1 m 31,296.6 m 68% 

 

 

 
 
Table 55 provides a summary of substrate alterations B-HWM by land use designation for the 
south map foreshore area.  Table 54 in Appendix D provides substrate alterations B-HWM 
calculations by individual land use types located in the south map foreshore area. 
 
Table 55.  Summary of South Map Substrate Alterations 2 (B-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 2 (B-HWM) (m) 

Residential (Includes NR1 Residential) 9,962.5 8089.5 

Natural Resource 1 (Crown) 273.8 273.8 

MOT Crown Access (19) 1472 149.5 

Commercial 939.9 939.9 

Parks and Recreational 1 1,515 383.4 

 14,163.2 m 9,836.1 m 

 

Total South Map Substrate Alterations 2 (B-HWM) % 69% 
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Table 57 provides a summary of substrate alterations B-HWM by land use designation for the 
English Point map foreshore area.  Table 56 in Appendix D provides substrate alterations B-HWM 
calculations by individual land use types located in the English Point map foreshore area. 
 
Table 57.  Summary of English Point Map Substrate Alterations 2 (B-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 2 (B-HWM) (m) 

Residential 8205.5 7,148 

MOT Crown Access (16) 282.3 119.7 

Commercial 30 30 

 8,517.8 m 7297.7 m 

 

Total English Point Map Substrate Alterations 2 (B-HWM) % 86% 

 
Table 59 provides a summary of substrate alterations B-HWM by land use designation for the 
north map foreshore area.  Table 58 in Appendix D provides substrate alterations B-HWM 
calculations by individual land use types located in the north map foreshore area. 
 
Table 59.  Summary of North Map Substrate Alterations 2 (B-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate 
Alterations 2 (B-HWM) (m) 

Residential 7,675.7 4,827.9 

MOT Crown Access (6) 131.2 21.2 

Parks and Recreational 1 15,785.2 3,275.2 

 23,592.1 m 8,124.3 m 

 

Total North Map Substrate Alterations 2 (B-HWM) % 34% 

 
Table 60 presents a summary of substrate alterations B-HWM by land use for the entire foreshore 
of Christina Lake. 
 
Table 60.  Summary of Christina Lake Substrate Alterations 2 (B-HWM) by Land Use 
Designation 

Land Use Total Foreshore Length 
(m) 

Total Substrate Alterations 
2 (B-HWM) (m) 

% Sub. Alt.2  
(B-HWM) 

Residential (Includes NR1 Residential) 25,843.7 20,065.4 43.4% 

Natural Resource 1 (Crown) 273.8 273.8 0.6% 

MOT Crown Access (42) 1,885.5 290.4 0.6% 

Commercial 969.9 969.9 2.1% 

Parks and Recreational 1 17,300.2 3,658.6 7.9 

 46,273.1 m 25,258.1 m 55% 

 

 Retaining Walls 
While conducting a review of the site database retaining wall assessments (comparison of data for 
B-HWM and A-HWM) it was revealed that information on retaining walls above the high water 
mark (A-HWM) was either the same (duplicated) as the database for retaining walls below the 
high water mark (B-HWM) and or had other inconsistencies.  A random check on sites within all 
map sections, orthophotos, and individual site photographs confirmed these findings. The 
database did not reflect what was actually occurring above the high water mark.  Therefore above 
the high water mark retaining walls and multiple tiers of retaining walls were not defined in the site 
database.  The calculations for retaining walls are based only on below the high water mark (B-
HWM) database information.  (See Section 7 for recommendations) 
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Table 62 provides a summary of the number of retaining walls, overall length and percentage of 
linear coverage for each map section (South, English Point, and North).  Table 61 in Appendix D 
provides details on retaining wall length and percentage of linear coverage by site calculations for 
each map section. 
 
Table 62.  Summary of Christina Lake Retaining Walls (B-HWM) 

Map  Number of 
Retaining Walls 

Total Foreshore Length (m) Total Retaining Wall Length (m) Total % Retaining 
Wall 

(B-HWM) 

South 157 14,163.2 4,066.0 8.8% 

English Point 151 8,517.8 3,633.2 7.8% 

North 78 23,592.1 1,918.4 4.1% 

Total: 386 46,273.1 m 9,617.6 m = 9.6 km 21% 

 
 

 Docks, Boat Launches, Boat Houses, and Groynes 
Documenting foreshore modifications along Christina Lake included assessing the number of 
docks, boat launches, boat houses, and groynes, including recording the associated concerns 
with each structure type. 
 
Tables 63 and 64 provide details on commercial moorage in the South and English Point map 
sections. There is no commercial moorage within the north map section. 
 
Table 63.  Commercial Moorage South Map 

Main Dock# Boat Moorage Capacity (slips) 

1 16 

2 74 

2 24 

1 27 

3 45 

1 24 

Total#: 10 docks on 6 lots (sites) Total Capacity: 210 

 
Table 64.  Commercial Moorage English Point Map 

Main Dock# Boat Moorage Capacity (slips) 

2 38 

Total#: 2 docks on 1 lot (site) Total Capacity: 38 

 
Table 66 provides a summary of the number of docks (including abandoned), boat launches, boat 
houses and groynes for each map section (South, English Point, and North).  Table 65 in 
Appendix D provides the calculations used for the summary results. 
 
Table 66.  Summary of Christina Lake Number of Docks, Boat Launches, Boat Houses, and 
Groynes 

Map  Docks Abandoned 
Docks 

Boat Launches Boat Houses Groynes 

South 223 28 52 29 40 

English Point 188 12 32 33 39 

North 116 18 7 2 74 

Total: 527 58 91 64 153 
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4.2.3 Summary of Foreshore Condition and Modifications 
A review of the overall foreshore condition and modification levels at Christina Lake shows that 
the level of impact by anthropogenic alternations is directly affiliated with land use designations.  
Figure 4 provides the percentage of each of the five land use types associated with the Christina 
Lake waterfront.  Residential which includes (NR1) residential (566) and commercial (8) lots make 
up for over half of the lakes foreshore at 58%.  Alterations were also found in Natural Resource 1 
(NR1) crown land (1), Ministry of Transportation crown access points (MOT) (42), and Parks and 
Recreational 1 (P1) (4) but to a lesser extent. This is due to (a) overall area of foreshore as with 
NR1 and MOT represents only 5% of the lakes foreshore, and (b) overall area of foreshore is 
extensive as with P1 which represents 37% of the entire lake foreshore which is Provincial crown 
land designated as a park.  This area also includes the Christina Lake Nature Park – RDKB crown 
land use.  The much smaller day use provincial beach on the south end is highly impacted, but the 
far more extensive foreshore area of Gladstone Provincial Park has lower impact levels (excluding 
Texas Creek and boat access camp sites).  The level of impact for Christina Lake will be 
discussed in further detail at the end of this section 
 

 
Figure 4.  Land Use – Christina Lake Waterfront 

 
Foreshore conditions that were assessed at Christina Lake include riparian vegetation, upland 
vegetation, and aquatic vegetation (emergent and submerged) by land use designation.  The 
CLFIM database revealed that riparian, aquatic, and upland vegetation have experienced 
anthropogenic alterations around the lake foreshore, but predominantly where residential and 
commercial development has occurred. 
 
Figure 5 provides a summary of the riparian and aquatic vegetation coverage by foreshore length 
for Christina Lake divided into lake sections South, English Point, and North.  The south section 
total foreshore length is 14,163.2 m with 45% (6,413.8 m) riparian vegetation, 39% (5,480.3 m) 
aquatic vegetation, and 27% (3,886.9 m) aquatic vegetation (submerged).  The English Point 
section total foreshore length is 8,517.8 m with 39% (3,397.6 m) riparian vegetation, 34% (2,866.1 



Christina Lake Foreshore Inventory and Mapping 

 November 30
th

, 2009                                   47                                         Christina Lake Stewardship Society 

 

m) aquatic vegetation, and 11% (942.6 m) aquatic vegetation (submerged).  The north section 
total foreshore length is 23,592.1(m) with 76% (17,860.1 m) riparian vegetation, 70% (16,513.3 m) 
aquatic vegetation, and 11% (2,597.5 m) aquatic vegetation (submerged).  Collectively, the overall 
foreshore length of Christina Lake is 46,273.1(m) with 60% (27,671.5 m) riparian vegetation, 54% 
(24,859.7 m) aquatic vegetation, and 16% (7,427 m) aquatic vegetation (submerged). 
 

 
Figure 5.  Foreshore Condition – Riparian and Aquatic Vegetation – Christina Lake 
 
Upland vegetation was assessed to a distance of approximately 100 m.  Figure 6 provides a 
summary of upland vegetation coverage by foreshore length x 100 m for Christina Lake divided 
into lake sections south, English Point, and north.  The south section total foreshore length is 
1416320 m2 with 615616 m2 or 61.56 hectares upland vegetation.  The English Point section total 
foreshore length is 851780 m2 with 495788.5 m2 or 49.57 hectares upland vegetation.  The north 
section total foreshore length is 2359210 m2 with 1965306.5 m2 or 196.53 hectares upland 
vegetation.  The overall foreshore length of Christina Lake is 4627310 m2 which equals 462.73 
hectares with 66% (307.67 hectares) upland vegetation coverage. 
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Figure 6.  Foreshore Condition – Upland Vegetation – Christina Lake 
 
Predominant substrate alternations above the high water mark include landscaping, vehicle 
access/roads, boat houses, boat launches, importation of sand and soil, infilling, stairs, and 
retaining walls.  Substrate alterations above the high water mark can have adverse effects on 
riparian habitats (nature‘s filtration system), erosion and sedimentation in the littoral zone, 
potential leachate (run-off) such as septic and fertilizers into the lake and the drinking water 
supply.  The occurrence of increased algae blooms and biomass of vegetative growth can have 
negative impacts on the lake system and water quality.  Many species rely on the riparian and 
littoral areas of water systems for all or part of their lifecycle. 
 
The CLFIM database calculations for substrate alterations above the high water mark in the south 
section of Christina Lake revealed that 90% (12,771.6 m) of the overall foreshore length of 
14,161.2 m has been modified and involves all land use designations.  The English Point section 
of the lake showed that 97% (8,242.1 m) of the overall foreshore length of 8,517.8 m has been 
modified and also involves all land use designations.  The north section of the lake showed that 
44% (10,282.9 m) of the overall foreshore length of 23,592.1 m has been modified with residential 
land use being the highest contributor to substrate alterations above the high water mark at 
6,985.8 m, then Gladstone Provincial Park at 3,255.9 m.  The six MOT crown access points total 
area of 131.2 m did have modifications on 41.2 m and it was found that these alterations were 
primarily in trespass.  Overall, 68% (31,296.6 m) of the lake foreshore 46,273.1 m has been 
modified above the high water mark. 
 
Predominant substrate alterations below the high water mark include beach grooming, lake 
infilling, boat launches, boat houses, groynes, grounded docks, fences, stairs and retaining walls.  
Below the high water mark (the lakes natural boundary) is crown land.  Substrate alterations 
below the high water mark such as the removal of native vegetation and natural elements such as 
rocks and gravel can significantly impact the lake foreshore (which includes the littoral zone).  
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Removal of substrate in the littoral zone can destroy fish spawning habitat and elevate Eurasian 
watermilfoil production. 
 
The CLFIM database calculations for substrate alterations below the high water mark in the south 
section of Christina Lake revealed that 69% (9,836.1 m) of the overall foreshore length of 14,161.2 
m has been modified with residential and commercial land use being the highest contributors.  
The English Point section of the lake showed that 86% (7,297.7 m) of the overall foreshore length 
of 8,517.8 m with residential and MOT Crown access land use being the highest contributors.  The 
north section of the lake showed that 34% (8,124.3 m) of the overall foreshore length of 23,592.1 
m has been modified with residential land use being the highest contributor to substrate 
alterations below the high water mark at 4,827.9 m, then Gladstone Provincial Park at 3,275.2 m.  
The six MOT crown access points total area of 131.2 m did have modifications below the high 
water mark on 21.2 m and it was found that these alterations were primarily in trespass.  Overall, 
55% (25,258.1 m) of the lake foreshore 46,273.1 m has been modified below the high water mark. 
 
Retaining wall construction materials on the foreshore of Christina Lake vary from non-permanent 
structures such as raw logs, post construction, rocks, and combinations thereof, to *creosote 
treated logs.  Permanent structures consist primarily of concrete and rocks. 
 
*Creosote “coal tar creosote” is distilled from crude coke oven tar and is the most widely 
used wood preservative in the world.  Due to its carcinogenic properties, usage within or 
near a water system has been banned in several countries.  According to (Fisheries and 
Oceans Canada – “Beach Creation for Residential Use” Sept. 10, 2009) creosote treated 
wood should not be used in or near water. 
 
An assessment of retaining walls below the high water mark was conducted.  The number of 
retaining walls below the high water mark in the south section of Christina Lake totaled to 157 with 
a length of 4,066 m.  The English Point section totaled to 151 with a length of 3,633.2 m.  The 
north section totaled to 78 with a length of 1,918.4 m.  The total number of retaining walls below 
the high water mark according to the CLFIM database equals 386 and length equals 9,617.6 m or 
9.6 km. 
 
Figure 7 provides a summary of substrate alterations above and below the high water mark and 
retaining walls below the high water mark in metres in comparison to foreshore length for Christina 
Lake divided into lake sections South, English Point, and North. 
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Figure 7.  Foreshore Modification – Substrate Alterations and Retaining Walls – Christina 
Lake 
 
Documenting foreshore modifications along Christina Lake also included assessing the number of 
docks, boat launches, boat houses, and groynes, including recording the associated concerns 
with each structure type.  Primary concerns that were noted during this portion of the assessment 
are summarized below.  The greatest numbers of structures were docks (585) and groynes (153).  
Other structures such as boat launches (91) and boat houses (64) encompass the Christina Lake 
foreshore 
 
Dock Concerns: 
 
South – Predominant concerns are walkway grounding, construction below the high water mark, 
concrete abutments, and navigation hazards.  Within the south lake section there are 6 
commercial size moorages with a total of ten main docks and 210 moorage slips 
 
English Point - Predominant concerns are walkway grounding, construction below the high water 
mark, and concrete abutments.  Within the English Point lake section there is one marina with two 
main docks of which one has 38 moorage slips. The one public use boat launch is under the 
jurisdiction of RDKB, MOT crown land use. 
 
North – Predominant concerns are walkway grounding, construction below the high water mark, 
concrete abutments, and the use of groynes.  There is no commercial moorage within the north 
map area.  There is one public use boat launch that is within the jurisdiction of BC Parks. 
 
Boat Launch Concerns: 
The primary concerns pertaining to boat launches on Christina Lake are the use of concrete and 
construction below the high water mark. 
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Boat House Concerns:  
The primary concerns pertaining to boat houses on Christina Lake are the use of concrete and 
construction below the high water mark. 
 
Groyne Concerns: 
A groyne is a wall or jetty built out from a shoreline to control erosion (also called breakwater).  
The primary concerns pertaining to groynes on Christina Lake is construction below the high water 
mark and the use of concrete.  The number of groynes constructed in the north end of the lake is 
a growing concern due to the level of shoreline kokanee spawning habitat in this area and the 
potential impacts that can occur when the lake substrate is modified. 
 
Of interest, a comparison of the foreshore modification results between the segment database and 
the site (lot assessment) database is summarized in Table 67.  The difference in the totals for 
retaining walls by segment (428) and site ( 386) may be due to the fact the calculations in this 
report is based on below the high water mark totals and the segment total may reflect a 
combination (or portion) of above and below the high water mark.  It is interesting to note that 
though dock totals by segment (579) and site (585) is a minor difference, groynes that were 
documented in the site assessment (153) varied greatly from the total found in the segment 
assessment (23).  In comparison, boat launch totals were the same for both databases, and boat 
houses were not assessed during the lake segment assessment.  Therefore, the total number of 
boat houses (64) per the site (lot assessment) database cannot be compared with the segment 
database. 
 
Table 67.  A Comparison of Foreshore Modification Results between the Segment and Site 
Assessment Databases 

Map  Retaining Walls Docks (All) Boat Launches Boat Houses Groynes 

 

Christina Lake 
(All) 

Segment CLFIM 
Site (Lot) 

Segm
ent 

CLFIM 
Site (Lot) 

Segment CLFIM 
Site (Lot) 

Segment CLFIM 
Site (Lot) 

Segmen
t 

CLFIM 
Site (Lot) 

Totals: 428 386 579 585 92 *91 Not 
Assessed 

64 23 153 

Note: A boat launch was removed on the southeast shoreline of Christina Lake after the segment count therefore there is now no difference in the 
total count between segment and site assessments. 

 
Figure 8 provides a summary of the total number of each retaining walls, docks, abandoned 
docks, boat launches, boat houses, and groynes on Christina Lake divided into map sections 
(North, English Point, and South). 
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Figure 8.  Retaining Walls, Docks Abandoned Docks, Boat Launches, Boat Houses, 
Groynes 
 

 Level of Impact (LOI) 
The level of impact (LOI) provides a qualitative indication of the overall health of the foreshore of 
Christina Lake.  The LOI rating is established by considering land use, foreshore condition, level 
of disturbance, and modification information as presented above.  When the LOI is compared for 
each map section (Table 68.) it reveals that the south has 42% (5,920.2 m) high LOI, English 
Point has 39% (3,335.6 m) high LOI, and the north has 7% (1,685.6 m) high LOI.  To further put 
this into perspective, this means that a total of 11 km of foreshore at Christina Lake has been 
highly impacted by anthropogenic (human) alternations. 
 
Table 68.  Level of Impact 

 

South Map 
Foreshore Length (m) No Concern Low (<10%) Medium (10-40%) High (>40%) 

14,163.2 m 245.5 m 4,513.4 m 3,484.1 m 5,920.2 m 

 

Percentage (%) 2% No Concern 32% Low 24% Medium 42% High 

 

English Point 
Foreshore Length (m) No Concern Low (<10%) Medium (10-40%) High (>40%) 

8,517.8 m 130.3 m 1,633.1 m 3,398.8 m 3,355.6 m 

 

Percentage (%) 2% No Concern 19% Low 40% Medium 39% High 

 

North Map 
Foreshore Length (m) No Concern Low (<10%) Medium (10-40%) High (>40%) 

23,592.1 m 10,272.9 m 8,170.9 m 3,462.7 m 1,685.6 m 

 

Percentage (%) 43% No Concern 35% Low 15% Medium 7% High 

 
Table 69 which covers the overall foreshore length provides a summary of the LOI ratings for 
Christina Lake which reveals that 23% (10,648.7 m) of the lake foreshore had not been impacted 
(there are no concerns), 31% (14,317.4 m) has a low LOI, 22% (10,345.6 m) has a medium LOI, 
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and 24% (10,961.4 m) has a high LOI.  These CLFIM database will help to identify and determine 
protection of natural and critical habitat areas, as well as potential restoration and enhancement 
initiatives on area identified with a low LOI.  (See section 7 for recommendations pertaining to 
natural and critical habitat areas) 
 
Table 69.  Summary of Christina Lake Level of Impact (LOI) 

Map  Total Foreshore Length (m) No Concern Low (<10%) Medium (10-40%) High (>40%) 

South 14,163.2 245.5(m) 4,513.4(m) 3,484.1(m) 5,920.2(m) 

English Point 8,517.8 130.3(m) 1,633.1(m) 3,398.8(m) 3,355.6(m) 

North 23,592.1 10,272.9(m) 8,170.9(m) 3,462.7(m) 1,685.6(m) 

Total: 46,273.1 m 10,648.7 m 14,317.4 m 10,345.6 m 10,961.4 m 

 

Total Percentage (%) 23% No Concern 31% Low 22% Medium 24% High 

 
Figure 9 provides a summary of the LOI for Christina Lake in a graph format and is divided into 
lake sections south, English Point, and north. 
 

 
Figure 9.  Level of Impact - Christina Lake 
 
The entire foreshore length of Christina Lake is 46,273.1 m or 46.3 km.  When combined, the level 
of impact (LOI) on the foreshore of Christina Lake is 77% (35,624.4 m) which converts to 35.6 km 
of various forms of anthropogenic alterations (human made modifications) and 23% (10,648.7 m) 
which converts to 10.7 km is in a natural state. 
 
The LOI by land use designation (Table 70) reveals that residential land use LOI is 52% (24,133.5 
m), parks and recreational 1 land use LOI is 18% (8,450 m), with natural resource 1, MOT Crown 
access, and commercial combined at 7% (3,040.9m) of the overall foreshore area has had various 
levels of anthropogenic alterations. 
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Table 70.  Summary Level of Impact (LOI) by Land Use Designation – L/M/H Combined 

Land Use  South English Point  North LOI Foreshore 
Length (m) 

LOI (L/M/H) % 

Residential (Includes NR1) 9,723.6 8,086.9 6,323.0 24,133.5 52% 

Natural Resource 1 (Crown) 273.8 ----- ----- 273.8 1% 

MOT Crown Access 1,465.4 270.6 61.2 1,797.2 4% 

Commercial 939.9 30 ----- 969.9 2% 

Parks and Recreational 1 1,515.0 ----- 6,935.0 8,450.0 18% 

Total: 13,917.7 m 8,387.5 m 13,319.2 m 35,624.4 m 77% 

 
Table 71 and Figure 10 summarize the LOI calculated by individual land use designation 
(foreshore length modified) by the overall foreshore length for each land use designation type. 
 
Table71.  Summary of LOI L/M/H by Individual Land Use Designation Foreshore Length 

Land Use Total Foreshore Length 
(m) 

LOI Foreshore Length (m) % LOI by Individual Land Use 
Designation Types 

 

Residential (Includes NR1 Residential) 25,843.7 24,133.5 93% 

Natural Resource 1 (Crown) 273.8 273.8 100% 

MOT Crown Access  1,885.5 1,797.2 95% 

Commercial 969.9 969.9 100% 

Parks and Recreational 1 17,300.2 8,450.0 49% 

 46,273.1 m 35,624.4 m  

 

 
Figure 10.  Summary of LOI by Individual Land Use Designation Foreshore Length 
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5. DISCUSSION  
The foreshore and adjacent upland areas of Christina Lake provide a diverse and complex array 
of wildlife habitat types which supports numerous plant, fish, and wildlife species.  Because 
ecosystems of any type are complex networks of interconnected organisms, the loss or severe 
decline of one component can affect all remaining species, often in ways that humans cannot 
predict or fully understand.  Many BC Southern Interior lakes are facing intensive human 
foreshore development and Christina Lake is no exception.  Often, foreshore development results 
in alterations of important features or habitats along the foreshore. When the natural foreshore is 
altered, the intricate balance between the flora, fauna and ecological processes can easily be 
altered (Fisheries and Oceans, 2008).  Effective foreshore planning, development, and 
management with an environmental protection ethic is a challenging task for all Communities and 
Regulatory Government Agencies. 
 

“Historically, the long-term effects of foreshore disturbance were not well understood, 
resulting in inadequate protection, a cumulative loss of foreshore habitats, and ultimately, 
public and agency frustration over management. There are numerous reasons for such 
frustration: the difficult task of coordinating a large-scale effort in managing resources 
over multiple jurisdictions and agencies; lack of inter-agency cooperation and program 
integration; limited funding resources; and limited consequences for foreshore 
degradation. These challenges often lead to further frustration by landowners, 
developers, and government staff alike. Foreshore ecosystems continue to be the subject 
of development pressure, which further compromises ecosystem function. The lack of 
comprehensive information on foreshore ecosystem relationships makes foreshore 
management difficult. (RDCO, 2005)”. 

Well over the last decade, the Christina Lake Community and Government Agencies alike have 
expressed a rising level of concern over improper foreshore development and the lack of 
protection and related enforcement issues.  This CLFIM study is intended to provide guidance in 
future land use development and management policies by providing an inventory of known 
environmental values and the associated physical conditions of the Christina Lake foreshore. 

5.1 State of the Foreshore of Christina Lake 

The observations of the physical attributes and foreshore conditions of Christina Lake, 
documented in the CLFIM database revealed that the most prevalent shore type was cliff/bluff at 
40% (which covers slopes of 20 to 60% and very steep slopes of >60%).  Low rocky shore 25%, 
gravel beach 14.5% and sand beach 11% are shore types that also covered considerable areas.  
To a lesser extent shore type wetland covered 9.2%.  The stream mouth shore type was 
calculated at 0.3% but this only covered Christina Creek the lake outlet and further assessments 
on the 42 stream tributaries on Christina Lake is required to obtain an accurate area and 
percentage of this shore type. 
 
The known locations of shore spawning kokanee occurred in segments 11, 12, 15, 17, 19, 20, 21, 
22, 23, 24, 25, 26, 29, 30, 33, 34, 34, 36, 61, 62, 67, 69, 70, and 71.  This habitat type is most 
prevalent in the north end and northwest section of the lake as well as encompasses the entire 
section of English Point (east) with smaller sections in the northwest and southeast of the lake.  
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There are also three lake tributaries (Sandner, McRae, and Sutherland Creek) that are utilized as 
natal streams for stream spawning kokanee. 
 
The assessment of riparian vegetation coverage along the foreshore of Christina Lake was 
calculated by land use designation and estimated percentage (%) of linear coverage (foreshore 
length) with residential at 26.8%, parks and recreational 1 at 29.9%.  The minimal size foreshore 
areas which include natural resource 1, MOT Crown access, and commercial had a riparian 
coverage of 0.5%, 2.5%, and 0.3% respectively.  The overall riparian vegetation coverage for the 
Christina Lake foreshore was calculated to be 60%. 
 
The upland vegetation coverage area was assessed by foreshore length going up to 100 metres 
inland and was not calculated by land use designation as some cases 100 metres would be out of 
lot boundaries.  The total upland vegetation coverage to this extent was 66%. 
 
The observation and assessment of aquatic vegetation (emerged and on dry ground during low 
water periods) consisted mainly of grasses, herbs, as well as water tolerant shrub species.  The 
assessment of emergent aquatic vegetation coverage along the foreshore of Christina Lake was 
calculated by land use designation and estimated percentage (%) of linear coverage (foreshore 
length) with residential at 21.1%, parks and recreational 1 at 29.5%.  The minimal size foreshore 
areas which include natural resource 1, MOT Crown access, and commercial had emergent 
aquatic vegetation coverage of 0.5%, 2.3%, and 0.3% respectively.  The overall coverage for the 
Christina Lake foreshore was calculated to be 54%. 
 
The observation and assessment of submerged aquatic vegetation was calculated by land use 
designation and estimated percentage (%) of linear coverage (foreshore length) and within the 
littoral zone (from the water‘s edge to where sunlight no longer penetrates the lake bottom).  By 
land use, submerged aquatic vegetation was calculated to be: residential 9.7% and parks and 
recreational 1 at 3.9%.  The minimal size foreshore areas which include natural resource 1, MOT 
Crown access, and commercial had submerged aquatic vegetation coverage of 0%, 1.1%, and 
1.3% respectively.  The overall coverage for the Christina Lake foreshore was calculated to be 
16%.  (See section 7 for recommendations for further assessments on this vegetation type) 
 
Foreshore modifications at Christina Lake include substrate alternations above and below the 
high water mark as well as retaining walls, docks (including a marina and several commercial 
moorages), boat launches, boat houses, and groynes. 
 
On a lakeshore, the ordinary high water mark is the highest point to which water customarily rises, 
and where the vegetation changes from mostly aquatic species to terrestrial (Fisheries and 
Oceans Canada, 2008). 
 
The assessment of substrate alterations was based on foreshore length and land use designation 
for each site or lot that had been modified above and below the high water mark as well as the 
extent of alterations. 
 
Findings for this portion of the assessments revealed that 52.4% (24,259.4 m) had substrate 
alterations above the high water mark by residential land use activities along the foreshore of 
Christina Lake.  Parks and recreational 1 had 8.9% (4,118.6 m), with natural resource 1 (crown), 
MOT Crown access, and commercial land use combined had 6.3% (2,018.6 m).  This equates to 
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68% (31,296.6 m) of the overall foreshore length of 46,273.1 m had substrate alterations above 
the high water mark. 
 
The results for substrate alterations below the high water mark by associated land use activities 
along the foreshore of Christina Lake revealed that residential 43.4% (20,065.4 m), parks and 
recreational 1 7.9% (3,658.6 m), and natural resource 1 (crown), MOT Crown access, and 
commercial land use combined had 3.3% (1,534.1 m) of substrate modifications below the natural 
water boundary which is crown land.  This equates to 55% (25,258.1 m) of the overall foreshore 
length of 46,273.1 m had substrate alterations below the high water mark. 
 
An assessment of number of retaining walls below the high water mark with estimated linear 
coverage (foreshore length) and construction type was conducted.  It was found that the primary 
materials used for retaining walls along the foreshore of Christina Lake consisted of concrete and 
rocks.  To a lesser extent non-permanent structures were made up of raw logs, post construction, 
piled rocks, a combination of these materials, and creosote logs.  The total number of retaining 
walls below the high water mark (the lakes natural boundary) was calculated to be 386 with a 
combined length of 9,617.6 m or 9.6 km that equates to 21% of Christina Lakes crown foreshore 
(including natural shoreline and the littoral area) has been severely altered. 
 
The documentation of foreshore modifications along Christina Lake also included enumerating 
and assessing the number of docks, boat launches, boat houses, and groynes.  This included 
revaluating and recording the associated concerns with each structure type.  Docks were by far 
the highest number for these structure types with a total of 585, groynes 153, boat launches 91, 
and boat houses 64. 
 
Primary concerns for all of these modifications types including substrate alterations and retaining 
walls are removal of native vegetation and natural substrate materials (natures filtration system), 
beach grooming, walkway grounding for docks, construction below the high water mark, 
navigation hazards, the use of concrete, and negative impacts to the habitat values associated 
with a healthy foreshore and lake ecosystem. 
 
The level of impact (LOI) which is a qualitative indication of the overall health of the Christina Lake 
foreshore, takes into consideration land use, existing foreshore conditions, and overall levels of 
disturbance using the modification information as presented and discussed in this and previous 
sections. 
 
The overall LOI on the foreshore of Christina Lake is 77% (35,624.4 m) which converts to 35.6 km 
of various forms of modification (anthropogenic alterations) and 23% (10,648.7 m) which converts 
to 10.7 km is in a natural state.  The modifications were primarily the result of residential land use 
activities (52%) and parks and recreational land use activities (18%).  The remaining land use 
designation, natural resource 1, MOT Crown access and commercial with a combined total of 7% 
of the overall foreshore area has also had various levels of modifications. 
 
When we calculate the combined (low, medium, high) LOI by individual land use designation 
(foreshore length modified) by the overall foreshore length for each land use designation type it 
reveals the level of disturbance by land use association.  Therefore residential land use with a 
modified foreshore length of 24,133.5 m and overall foreshore length of 25,843.7m equates to 
93% that has various levels of disturbance impacts.  Natural resource 1 (Crown) land use has a 
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modified foreshore length of 273.8 which also represents its overall foreshore length so this 
equates to 100% of this land use type has been impacted.  In this case the impact comes in the 
form of a road which is Westlake Drive and its proximity which is within the foreshore area 
(alongside) of Christina Lake.  The MOT Crown access land use designation includes public 
Crown access points (which include the RDKB Crown land use boat launch adjacent to the 
Christina Lake Marina) and the right-of-way highway corridor.  The modified foreshore length for 
this land use type is 1,797.2 m and an overall foreshore length of 1,885.5 m which equates to 95% 
of this land use type has been impacted.  Commercial land use has a modified foreshore area of 
969.9 m which also represents its overall foreshore length so this equates to 100% and in the 
case of this land use type all lots were rated as having a high level of impact.  The parks and 
recreational land use designation includes in the south the Christina Lake Community Nature Park 
(RDKB Crown land use), the Christina Lake Provincial Day Use Beach and Park, the Crown 
Reserve which has been placed under this land use designation for future consideration for park 
use, and Gladstone Provincial Park which is located in the north section of the lake.  The modified 
foreshore length is 8,450 m with an overall foreshore length of 17,300.2 m which equates to 49% 
that has various levels of disturbance impacts.  These impacts are associated with park areas 
managed for recreational use such as the south end beach, Texas Creek campground, boat 
access camp sites, and the day use sites by Troy Creek and Sandner Creek. 

5.2 Foreshore Protection Initiatives 

 

 Regional 
The Christina Lake area (Electoral Area C) is unincorporated and is within the local government 
jurisdiction of the Regional District of Kootenay Boundary (RDKB).  The RDKB has established 
planning bylaws to help with the protection of the Christina Lake foreshore.  The community has 
an Official Community Plan (OCP) (Bylaw No. 1250); and a Zoning Bylaw (Bylaw No. 1300).  The 
Regional District‘s Floodplain Bylaw (Bylaw No. 677) is also applicable.  An Advisory Planning 
Committee (APC) provides local knowledge and input regarding land use planning.  Land use 
activities must conform with the planning bylaws that are in place.  These bylaws include: 
 
Bylaw No. 1250 The ―Environmentally Sensitive Waterfront Development Area‖ is described in 
detail in Bylaw No. 1250.  Landowners who are building a new dwelling init or sleeping quarters, 
or converting a non residential building into a residential building, or constructing an addition of 20 
m2 or greater must receive a development permit before a building permit can be issued.  The 
application must provide details on the existing or proposed septic system to ensure that sewage 
disposal systems will not have a negative impact on water quality.  Unfortunately, older systems 
that may be failing and contributing to septic leachate into the lake do not necessarily trigger the 
requirement for a development permit.  The Interior Health Authority is responsible for ensuring 
that the ―Drinking Water Protection Act‖ is adhered to, but the monitoring of septic systems is 
difficult due to limited staff resources.  The Provincial and Federal Governments also have Acts 
and Regulations in place relevant to sewage and toxic waste in water systems, but once again 
monitoring and enforcement is difficult due to limited staff resources.  Suspected occurrences 
should be reported as most agency responses are complaint driven. 
 
Bylaw No. 1300 Provides details of setback distances from the lakes natural boundary, minimum 
parcel size requirements for new lots created by subdivision (which limits subdivision on the 
waterfront), dock size and configuration, and setback distance for pit privies. 
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Bylaw No. 677 The ―Floodplain Bylaw‖ details flood construction elevation and setback distance 
requirements. 
 
The planning staff of the RDKB is currently working on a draft ―Riparian Area Protection Plan‖ for 
water courses in Electoral Area C (Christina Lake).  Once the plan is finalized, it will be formally 
adopted as an amendment to the Electoral Area C Christina Lake Official Community Plan.  This 
will facilitate further protection of the Christina Lake Watershed. 
 

 Provincial and Federal 
 
The Provincial and Federal Government have various agencies that have jurisdiction within the 
Christina Lake Watershed.  With regard to this study, the Ministry of Environment and the 
Department of Fisheries and Oceans oversee the protection of fish, wildlife, and environmental 
water quality.  There are several Acts and Regulations in place as well as guidelines and best 
management practices that exist for the protection of water courses within the province of British 
Columbia and Canada.  For a listing of pertinent acts, regulations, guidelines, and best 
management practices go the Ministry of Environment website at http://www.env.gov.bc.ca. 
 
An underlying problem is that all of the bylaws, acts and regulations, and environmental legislated 
laws that are in place are ineffective when there is no monitoring or enforcement available due to 
lack of funds and cutbacks to environmental resource staff availability. 
 
There are people at Christina Lake that do understand the importance of ―doing the right thing‖ to 
protect our environment.  However, some people have good intentions but misinformation leading 
to poor judgment.  Then there are others that have little concern about protecting the environment, 
without an understanding of the long term consequences that can affect all species (including 
humans) that require the natural resources provided by the lake and entire watershed. 
 

 Community Stewardship 
The Christina Lake Stewardship Society (CLSS) is a non-profit charitable organization that was 
established in January of 2001 (Committee Est. 1994).  The CLSS has developed partnerships 
with all levels of government that have jurisdiction within our Region to help protect the watershed. 
 
Over the years the Society has been involved in several projects.  The most current projects are 
the Green Boater Guide/Spill Kit Project, Say it with Signs (See Figures 11, 12, 13, 14), and the 
Christina Lake Watershed Management Plan and Implementation Strategy.  This study, the 
Christina Lake Foreshore Mapping and Inventory Project was initiated by the CLSS in Partnership 
with the RDKB, DFO, and MOE. 
 

http://www.env.gov.bc.ca/
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Figure 11.  Kokanee Lifecycle Figure 12.  Drinking Water Protection 

 

  
Figure 13.  Aquatic Invader Figure 14.  Fish Habitat Protection 

 
Several programs have been developed through the Community Stewardship Resource Centre 
(the office of the CLSS) such as the Young Stewards of the Boundary, the Annual Lake Cleanup 
Day, and the Annual Watershed Management Plan Review.  As well, we facilitate workshops such 
as Boundary Fisheries Night, H2O, Riparian Awareness, Foreshore Protection, and Bear 
Awareness— just to name a few.  Several environmental education bulletins and brochures with a 
local context have also been developed by the CLSS. 
 
The Society also monitors Sutherland, McRae and Sandner Creeks and performs annual 
enumerations for stream spawning kokanee.  The Christina Lake water quality monitoring and 
sampling program is performed in partnership with the B.C. Ministry of Environment. 
 
Currently, we are working on an educational kiosk in partnership with the Regional District of 
Kootenay Boundary and the Ministry of Transportation and Infrastructure.  The kiosk will be 
located by the Christina Lake Marina and RDKB boat launch.  Also, the North Bay Buoy Project in 
partnership with BC Parks, which is a wetland protection initiative. 
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 6. RECOMMENDED ACTIONS  
The following recommendations are based largely on the results of the CLFIM segment and site 
assessments.  A review of the Christina Lake Watershed Management Plan, (LaCroix and 
McLean, 2005), and the Central Okanagan Foreshore Inventory and Mapping Report 
(RDCO,2005) provided a great deal of insight on the methodology for this project and assisted 
greatly on the initial layout of this report.  In addition, a review of the Windemere Lake Foreshore 
Inventory and Mapping Report (McPherson and Michel, 2007) and the Wasa Lake Foreshore 
Inventory and Mapping Report (McPherson, Hlushak, and Adams, 2009) helped to identify 
additional items requiring attention that were relevant to Christina Lake.  As the Christina Lake 
Foreshore Inventory Mapping Project brought in another level of assessment procedures by 
conducting the individual site (lot) assessments, these individual reports brought together 
invaluable expertise in helping to formulate the magnitude of data associated with 71 segment 
assessments and 652 site assessments. 
 
Decisions regarding the management of the Christina Lake foreshore should be based on the best 
available science and should reflect policies set out in regional strategies and guidelines as well 
as those of senior levels of government.  Based on the current state of the foreshore, measures 
should be taken to conserve areas that contribute to maintaining and restoring sensitive foreshore 
ecosystems and to preserving the ecological integrity of Christina Lake.  The RDKB possess a 
variety of means to ensure development is sensitive to environmental values, including Official 
Community Plans, zoning, and bylaws.  By providing current and accurate baseline data, informed 
decisions on foreshore management will help in the protection of the environmental values of 
Christina Lake.  The recommended actions are as follows: 
 

Action #1. Develop a Riparian Area Protection Plan and Implement Legislation. 

 
This action item has been initiated by the RDKB and is currently in draft format - 
November, 2009. 
 

 Establish and implement directives to protect riparian areas using the basic principles of the 
Province of BC Riparian Areas Regulation. 

 Set objectives, which would consider shore type, and disturbance level for the management 
of Christina Lake. 

 Address specific zoning of the foreshore of Christina Lake. 

 Include regulations and guidelines for new development, re-development, and 
management of existing development. 

 Designate protection of critical areas in policies. 

 Explore a memorandum of understanding with all levels of government regarding foreshore 
management roles and responsibilities. 

 Develop jointly with all partnering agencies. 

 Consider lakeshore development guidelines being developed elsewhere. 
 

Action #2. Identify Current and Potential Sources of Water Quality Degradation. 

The most significant contributors of NPS pollution to Christina Lake are poorly maintained and/or 
located septic tank or tile field systems (Cavanagh et al., 1994).  Close proximity to the lake, 
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inappropriate soil types, and shallow bedrock make septic contamination a major concern (more 
information about community sewer system feasibility can be found in (Kerr Wood Leidal, 1991 
and Sussex Consultants Ltd., 1994). 
 

 Continue and expand upon current water quality monitoring programs. 

 Determine locations of potential sediment inputs into Christina Lake. 

 Conduct a detailed study on the potential fecal contaminant inputs into Christina Lake. 

 Re-visit the potential development of a community sewerage system on the south end of 
Christina Lake. 

 

Action #3. CLFIM 2010 Assessment Requirements (to address gaps in the dataset). 

 

 Conduct a detailed assessment on stream mouth shore type (41 tributaries) at lake high 
water level in late June of 2010. 

 Evaluate the necessity of further differentiating shore type cliff/bluff with the addition of talus 
slope shore type and steep forested slope shore type. 

 Conduct assessments to ascertain retaining wall coverage above the high water mark 
using existing photographs, site foreshore length measurements, and field assessments 
where necessary at lake peak water level conditions. (See Windemere Lake Foreshore 
Inventory and Mapping June (2007) – In Appendix E – Retaining Wall Data Collected by 
Wildsight). 

 Conduct site specific assessments on vegetated foreshore shore type at lake high water 
level in late June of 2010.  Sites can be delineated by re-assessing segments that have 
abundant riparian vegetation and shore cover on the CLFIM database which will provide 
details on how this shore type is distributed within segments. 

 Delineation of Christina Lake 2008 orthophotos to properly assess upland vegetation to a 
further extent. 

 Conduct a detailed upland vegetation species type and abundance survey. 

 Conduct a detailed soils survey. 

 A re-assessment of MOT Crown access points is required to better differentiate land use.  It 
was observed in the field that many trespass issues from private to Crown made it hard to 
determine lot boundaries. 

 Conduct a detailed survey on submerged aquatic vegetation, species type and abundance. 

 Amalgamate the current Eurasian watermilfoil control program data with the current CLFIM 
database. 

 All subsequent inventories will be compiled with the information on the current database. 
 

Action #4. Evaluate the Carrying Capacity of Christina Lake with Respect to 
Development. 

 

 Examine carrying capacity to determine the impact of foreshore modifications and activities 
on shore zone ecosystems. 

 Gather more information to determine a method of quantifying carrying capacity. 
The carrying capacity of a lake is defined as a lake’s ability to accommodate recreational 
use (e.g. boating, skiing, bathing) and residential occupation of the foreshore and adjacent 
upland areas without excessive overcrowding, pollution and consequent danger to human 
health and safety.  
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Action #5. Increase Public Awareness of Lake Management Issues and Provide Workable 
Options for Watershed Users. 

 

 Develop and deliver workshops for residents and lake users. 

 Produce informative material and signage. 

 Coordinate community involvement activities. 

 Develop and deliver school programs. 

 Develop an Environmental Stewardship Reward Program.  The CLFIM database can be 
used to ascertain private property owners that have no concerns or low impacts associated 
with their land. 

 Continue to maintain a locally based Resource Library that is accessible to the public. 
 

Action #6. Identify Critical Areas for Protection, Restoration, and Enhancement. 

 

 Use the information presented in this report to help identify critical habitat areas on 
Christina Lake. (e.g. kokanee shore spawning and stream spawning locations, areas 
identified with a low level of impact, and undeveloped land) 

 Identify additional critical habitat areas for species other than kokanee through further 
analysis and future addition to the project database. (e.g. migration and rearing areas for 
juvenile fish) 

 Identify critical areas on the remainder of Christina Lake through a subsequent inventory 
and compile the information with the current database. 

 

Action #7. Protect Natural Area and Protect, Restore, and Enhance Critical Areas. 

 

 Protect fish spawning areas (including historic kokanee spawning areas that have habitat 
and features conducive to shore and stream spawning) and adjacent upland areas. 

 Protect undeveloped areas adjacent to the foreshore.  This is especially important when 
dealing with ecosystems that are threatened or endangered. 

 Protect substrates from alteration.  Beach grooming lake infilling, importation of sand, 
armoring, and dredging all have potential to negatively impact substrate materials. 

 Pursue agreements between local governments and provincial agencies about foreshore 
management.  ―Head lease‖ agreements give one party control over the management of 
the foreshore and have been obtained by local governments such as the District of 
Peachland.  This will reduce difficulties in coordinating inter-agency management 
strategies. 

 

Action #8. Prevent Further Modifications. 

 

 Restore or enhance foreshore areas affected by past modifications, such as armoring, 
infilling, and beach grooming, if restoration or enhancement is likely to benefit habitat 
quality. 

 Prevent or mitigate further modifications to foreshore areas where they are likely to reduce 
habitat quality.  For example, in kokanee spawning areas, modifications should not disrupt 
wind and wave action. 
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 Make technical guidance available to agencies and the public regarding alternatives to 
traditional shoreline modifications such as armoring.  Such guidelines should be developed 
in conjunction with senior government agencies to ensure consistency with regulatory 
requirements and resource management objectives. 

 

Action #9. Monitor Habitat Losses and Gains to Measure Success. 

 

 Develop and produce indicators, actions, and timelines. 

 Initiate a detailed habitat monitoring program on Christina Lake. 

 Develop a coordinated enforcement protocol with all levels of government to respond to 
foreshore habitat impacts. 

 Compare results from a monitoring program to the original inventory data to determine 
compliance and best management practices and effectiveness of protection activities. 

Action #10. Identify Further Challenges and Opportunities. 

 

 Determine fisheries sensitive zones for a variety of fish species on Christina Lake. 

 Conduct a detailed study to examine the relationship between current kokanee spawning 
locations and the level of foreshore disturbance along Christina Lake. 

 Obtain more detailed information to determine critical spawning areas for shore-spawning 
kokanee along Christina Lake. 

 Conduct a detailed study to identify critical habitats for other aquatic species and life 
stages. 
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7. CONCLUSIONS 
This study revealed that 77% of the foreshore of Christina Lake has anthropogenic alterations at 
various levels of impact (low, medium, and high), with a substantial amount of foreshore area 23% 
that is intact.  As much of this undisturbed area is within Gladstone Provincial Park boundaries 
(north), legislated protection does exist.  However, over the last few years there has been a rising 
level of concern by the citizens of Christina Lake pertaining to unhindered public access and 
impacts to wetlands, fish habitat, and other valuable ecosystem features within this Provincial 
Park. 
 
The protection of the remaining intact ecosystems and sites that are identified in the CLFIM 
database as having a low level of impact is of paramount importance not only biologically, but for 
the social and economic values that these areas represent for residents, recreation, and tourism.  
When taking into consideration that 23% (10,648.7 m) of the lake‘s foreshore is natural and that 
31% (14,317 m) of the lake‘s foreshore is rated as having a low level of impact, this equates to 
54% (24,965.7 m) of an overall foreshore length of 46,273.1 m that can be further analyzed to 
help identify natural and critical areas for protection pertaining to foreshore development planning 
and management.  The identification of critical areas to protect will also help in determining 
individual species habitat requirements in future restoration and enhancement initiatives. 
 
The development and implementation of a riparian area protection plan and legislation will ensure 
that new alterations will not negatively impact the integrity of the lake foreshore and also address 
that any changes to historic and existing modifications are conducted to enhance and restore the 
foreshore area of the lake. 
 
In order to measure quantifiable habitat losses and gains and the effectiveness of protection 
activities, the development and initiation of habitat monitoring programs on Christina Lake will 
determine the level of success, required enforcement and compliance if necessary, and possibly 
prevent further foreshore modifications.  The establishment of monitoring protocols may also help 
to identify further challenges and opportunities that need to be addressed. 
 
Although there are environmental and recreational water quality monitoring programs in place on 
Christina Lake, the need to identify current and potential sources of water quality degradation is 
imperative to sustainable foreshore management.  Non point sources of pollutants may occur due 
to poorly maintained septic systems or sediment input and entry of other pollutants due to native 
vegetation and substrate removal. 
 
Evaluating the carrying capacity of the lake with respect to development will identify the lake‘s 
maximum limitations or ability to accommodate seasonal and residential occupation and 
recreational use while maintaining a sustainable and healthy environment. 
 
Observations and the CLFIM database calculation results on individual attributes revealed that 
there are data gaps that necessitate subsequent inventories, assessments, and compilation with 
the current database. This includes detailed assessments on all 41 lake tributaries (stream mouth 
shore type), conducting assessments on retaining walls above the high water mark, re-evaluation 
of cliff/bluff shore type, and site specific assessments on vegetated foreshore shore type as well 
as detailed soil and upland vegetation species type and abundance surveys. 
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The need for public awareness of lake management issues and providing workable options is 
required to stimulate community involvement and positive actions aimed towards a sustainable 
and healthy watershed. 
 
The citizens of this community want to maintain the quality of life which originally attracted them to 
this area, while realizing that the very environment they want to conserve and protect is the major 
economic force within this region.  A balance of environmental, social, and economic values with a 
―Stewardship Ethic‖ is achievable through defined conservation initiatives based on regional, 
provincial, and federal policies and open communications between all government sectors and the 
public. 
 
The results of this inventory and recommended actions will increase the effectiveness and 
coordination of foreshore management activities at Christina Lake, leading to improved ecosystem 
structure and function and integration of human use with environmental protection. 
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