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Purpose 

Water quality samples collected in the Cowichan 
Lake watershed in 2024 were compared to the 
Cowichan Lake Water Quality Objectives (WQOs) to 
determine whether the objectives were met to 
protect the most sensitive uses of the lake. 

Introduction 

Located within the Nanaimo Lowlands Ecoregion on 
the south-eastern portion of Vancouver Island, 
Cowichan Lake supports important fisheries and 
recreation values and provides drinking water to the 
Town of Lake Cowichan and the Cowichan Valley 
Regional District (Figure 1). Cowichan Lake is the 
second largest lake on Vancouver Island with a 
surface area of 6,204 ha, a maximum depth of 
152 m, and a mean depth of 50 m. The lake is part of 
the Cowichan River watershed which includes 
Mesachie Lake, Bear Lake and Beaver Lake in the 
upper watershed, and numerous tributary streams. 
The outlet of Cowichan Lake, on its southeast shore, 
is the headwaters of the Cowichan River, which 
flows east and enters the Salish Sea at Cowichan 
Bay. The Cowichan Lake watershed supports an 
abundance and diversity of both anadromous and 
resident fish, including the threatened Cowichan 
lamprey (Entosphenus macrostomus), which resides 
in Cowichan Lake and adjacent Mesachie Lake 
(Appendix Figure A1). Anthropogenic land uses 
within the watershed include recreational, forestry, 
residential, and historical mining activities. 

The Cowichan Lake watershed is in the traditional 
territory of the Ts'uubaa-asatx Nation (formerly 
known as Lake Cowichan First Nation). Ts’uubaa-
asatx people have inhabited and used a wide range 
of resources throughout the Cowichan Lake 
watershed, including the land, shoreline, adjacent 
steams, forest, lakes, and the uppermost portion of 
Cowichan River. The traditional uses of the 
watershed’s resources and stewardship of the 
territory by the Ts'uubaa-asatx has continued to 
present day (Ts'uubaa-asatx First Nation 2025).  

WQOs were developed for the Cowichan Lake 
watershed in 2011, based on water quality sampling 

conducted in 2008 and 2009 (Epps and Phippen 
2011). For the protection of aquatic life, WQOs were 
established for Secchi depth, temperature, dissolved 
oxygen, and chlorophyll a (Epps and Phippen 2011). 
For the protection of drinking water, recreation, 
domestic and wildlife uses, WQOs were also 
developed for microbiological indicators, turbidity, 
total organic carbon and total suspended solids 
(Epps and Phippen 2011). Initial WQO attainment 
monitoring was conducted in 2013 and 2014, and a 
report was produced by Smorong and Saso (2021). 
Subsequent sampling in 2024 was conducted in the 
Cowichan Lake watershed to determine WQO 
attainment since that time. This WQO attainment 
report is primarily based on the 2024 sampling 
results and supplemented by available monitoring 
data dating back to 2014. 

 

 

Figure 1. Location of Cowichan Lake on 
Vancouver Island, BC (Source: BCLMN 2025) 
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Recent Changes in the Watershed 

Notable changes in the Cowichan Lake watershed 
have been observed in recent years, including music 
festivals, which bring thousands of people to the 
shores of Cowichan Lake. The festivals comprise of 
RV camping, multiple stages and parking areas (Jeff 
Moore/CVRD, personal communications 2025). 
Further, the intensification of clearcut logging within 
the Cowichan Lake watershed is noticeable from 
historical satellite imagery over the last two decades, 
which has the potential to alter the watershed 
hydrology. The combination of these anthropogenic 
activities have the potential to alter the lake’s water 
quality. 

2024 Water Quality Monitoring Program 

In 2024, the Cowichan Watershed Board (CWB), in 
partnership with BC Ministry of Environment and 
Parks (ENV), conducted WQO attainment monitoring 
in Cowichan Lake and its tributaries. Data collected 
during the 2024 monitoring program, in addition to 
data gathered for the BC Lake Monitoring Network 
(BCLMN) between 2014 and 2024, were used in this 
assessment (Table 1). The data was then compared 
to the WQOs (Table 2). WQOs have not been 
established for all parameters monitored in 2024. In 
these instances, BC WQGs, where available, were 
used for evaluation.  

The 2024 monitoring program included collection of 
samples at six monitoring sites located along the 
Cowichan Lake Perimeter (CLP), and four monitoring 
sites within the Cowichan Lake Tributaries (CLT) that 
flow into Cowichan Lake (Appendix Figure A2 and 
Table A1). Monitoring at these sites occurred five 
times weekly within 30 days during two sample 
events (July-August and October-November). These 
separate monitoring events captured low and high 
stream flows, as recommended in the Cowichan 
Lake WQO report (Epps and Phippen 2011).  

The BCLMN data was collected twice every year 
(approximately March and August) at three deep 
stations located within the Main Basin, North Arm 
and South Arms of the lake (Appendix Figure A2 and 
Table A1). These deep stations (Cowichan Lake Deep 
- CLD), represent spring mixed and summer stratified 
conditions. While the Epps and Phippen (2011) WQO 
report recommended quarterly monitoring for these 
sites, there are over 10 years of data providing long-
term water quality trends. Therefore, including only 
the spring and summer sampling was considered 

appropriate for the 2024 WQO attainment 
evaluation.  

Table 1. Parameters monitored in 2024. 

Parameters 

Parameters Monitored by 
Location 

CLD a b CLP b CLT b 

Water temperature  X X X 
Dissolved oxygen  X X X 
Secchi depth  X   
Specific conductivity   X X 
Turbidity  X  X 
Total Suspended Solids    X 
Total organic carbon  X   
Escherichia coli   X X 
Chlorophyll a  X   
pH X   
Nutrients  X   
Major ions  X   
Total metals  X   
Hardness  X   

a Composite sample for epilimnion (upper layer of water in a lake) 
and hypolimnion (bottom layer of water in a lake) were taken at 
the CLD stations.  
b CLD – Cowichan Lake Deep stations; CLP – Cowichan Lake 
Perimeter stations; CLT – Cowichan Lake Tributaries stations. 

Table 2. Comparison of 2024 monitoring results to 
the WQOs (exceedances are highlighted). 

Parameter WQO 

2024a Peak values in 
monitored sites  

CLD CLP CLT 

Water temperature 
(°C) ≤15 b 20.1 n/a n/a 

Dissolved oxygen 
(mg/L) 

≥ 5 9.1 n/a n/a 

Secchi depth (m) ≥ 8 
≥ 6 c 11.8 n/a n/a 

Turbidity (NTU) ≤2 
≤5 d 

0.36 n/a 1.08 

Total Suspended 
Solids (mg/L) 

≤6 
≤26 e 

n/a n/a 4.7 

Total organic carbon 
(mg/L) 

≤4 1.48 n/a n/a 

Escherichia coli 
(CFU/100mL) 

≤10 n/a 37 72.4 

Chlorophyll a (µg/L) ≤ 2 0.0009 n/a n/a 

a Maximum recorded values in 2024, except for dissolved oxygen 
and Secchi depth, where minimum values are indicated, and E. 
coli where the highest 90th percentile, between the summer and 
fall periods, is indicated. 

b Hypolimnetic temperature (> 10 m depth).  
c Minimum must be ≥ 6 m and average must be ≥ 8 m. 
d Maximum at tributaries must be ≤ 5 NTU. Average and 
maximum at CLD sites must be ≤ 2 NTU. 
e Maximum must be ≤ 26 mg/L. Average must be ≤ 6 mg/L. 
n/a –not applicable or not available. 
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Water Quality Objectives Attainment  

Water Temperature  

The temperature objective for Cowichan Lake during 
the summer should not exceed 15° C at depths 
greater than 10 m to avoid physiological stresses to 
fish and protect the aesthetic quality of drinking 
water, if water intakes are located at least 10 m 
deep in the lake (Epps and Phippen 2011). The 2011 
WQO report also states that the water column 
summer thermocline (the transition layer in a lake 
separating the warmer water at the surface from the 
cooler deeper water) typically occurs between a 
depth of 10 m to 20 m. During the summer of 2024, 
the 10 m depth temperature consistently exceeded 
the WQO in Cowichan Lake, ranging between 19° C 
to 20° C (Appendix Figure B1). The yearly maximum 
temperature of 20.1° C was recorded at a depth of 
14 m at the CLD 2 site in August. A similar pattern of 
exceeding the WQO has been observed every year at 
depths > 10 m in the CLD sites, at least since 2016.  

These observations indicate that during thermally 
stratified conditions in the summer, Cowichan Lake 
has a thermocline that is often deeper than 10 m, 
resulting in an exceedance in the WQO. During these 
periods, the temperature often stays above 15° C for 
depths shallower than 15 m. From 2020 to 2024 
temperatures equivalent to 15° C were recorded 
between 14 m to 18 m during summer 
measurements. Thus, the WQO should be adjusted 
to account for a thermocline depth range of 10 to 20 
meters. In July and August, some fish species would 
typically need to stay below this thermocline to 
avoid physiological stresses associated with elevated 
water temperatures (Epps and Phippen 2011). 

Dissolved Oxygen  

Dissolved oxygen is the amount of oxygen present in 
water as dioxygen molecule (O2) in dissolved form, 
which is available to aquatic organisms for aerobic 
respiration. Adequate DO is critical for the survival of 
aquatic organisms, especially species such as 
salmonids. 

In deep lakes, DO concentrations tend to stratify 
within the water column during the growing season, 
usually in the summer and fall months. The 
epilimnion, typically has the highest DO 
concentrations as atmospheric oxygen is transferred 
to the water column by diffusion and wind, unless 
the oxygen concentration is limited by high water 
temperatures, which decreases the solubility of this 

gas (Sawyer 2003). In the summer, mixing of the 
water column does not occur in Cowichan Lake as 
the water is thermally stratified during the warmer 
months. In the cooler hypolimnion, DO tends to be 
lowest near the lake bottom where most of the 
decomposition occurs. The hypolimnion is also 
further away from the atmospheric gas exchanges 
taking place at the surface. Increases in DO 
concentrations within the epilimnion also tend to be 
associated with photosynthetic activity. 

In 2024, all DO concentrations recorded remained 
above the minimum WQO of 5 mg/L, for the 
protection of aquatic life (Appendix Figure B2). The 
BCLMN data also shows DO concentrations 
consistently meeting this WQO every year at the CLD 
sites at least since 2016.  

Secchi Depth (Water Clarity) 

Water clarity represents how deeply light can 
penetrate the water column and is measured with a 
Secchi disk which identifies the photic zone (the limit 
of plant and algal growth). This measure of 
transparency decreases with increasing colour, 
suspended sediments or plankton, which can impact 
the recreational and aesthetic value of a waterbody. 
Higher Secchi depth measurements imply clearer 
water and are generally indicative of better water 
quality, which is a characteristic of oligotrophic 
(nutrient-poor) lakes, such as Cowichan Lake.  

The 2024 minimum recorded Secchi depth at the 
CLD sites was 11.8 m, which is above both the 
minimum (6 m) and the average (8 m) WQO. This 
indicates adequate clear water conditions for 
aquatic life in Cowichan Lake. 

Turbidity 

Turbidity refers to the presence of particles that 
obstruct the passage of light through water. In lakes, 
turbidity is often caused by extremely fine 
particulate matter suspended throughout the water. 
Conversely, in rivers, elevated turbidity occurs 
during heavy rain or freshet (rapid snow melt). These 
events move particulate matter, such as sediments, 
into rivers (Sawyer 2003). 

The turbidity recorded at the deep lake stations in 
2024 stayed below the maximum WQO (< 2 NTU), 
and the WQO was also met at all tributary sites (< 5 
NTU). These WQOs were developed for the 
protection of drinking water. The BCLMN data shows 
turbidity consistently met the WQO every year at the 
CLD sites since 2014. These turbidity results were 
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also in alignment with the observed Secchi depth 
results. 

Total Suspended Solids 

Total suspended solids (TSS) is a measure of all the 
undissolved particulate matter in a water sample. An 
excess of fine suspended sediments in water can 
clog the gills of aquatic organisms, cause injury to 
eye and gill membranes by abrasion, and inhibit fish 
egg development (BC 2025a). For drinking water 
safety, turbid water can harbour microorganisms, 
reduce the efficiency of disinfection, and can entrap 
heavy metals and biocides (Government of Canada 
2025). 

The 2024 TSS results for the CLT sites were all below 
the maximum WQO (26 mg/L). The maximum 
recorded value was 4.7 mg/L, which is also below 
the average WQO of 6 mg/L, indicating sediment 
concentrations in the tributaries are considered 
protective of aquatic life. 

Total Organic Carbon  

Total organic carbon (TOC) in water and wastewater 
is an indicator of a variety of natural or 
anthropogenic organic compounds and can 
contribute to the generation of trihalomethane 
when chlorine is added to drinking water systems 
(BC 2023). The WQO of < 4 mg/L was proposed to 
ensure that there is little risk of exceeding the Health 
Canada trihalomethane (THM) guideline for treated 
drinking water sources (ENV 2020). In streams and 
most lakes, much of the dissolved organic carbon 
comes from terrestrial, wetland, and littoral-zone 
sources (Wetzel 2001). 

The maximum recorded TOC in 2024 at the CLT and 
CLP sites was 1.48 mg/L, which is below the WQO. 
The BCLMN monitoring data shows TOC 
concentrations consistently meeting this WQO every 
year at the CLD sites, at least since 2014. 

Chlorophyll a 

Chlorophyll a is the primary photosynthetic pigment 
of some algae, cyanobacteria, and other aquatic 
organisms (Wetzel 2001). In lakes, chlorophyll a 
provides an estimate of algal biomass. Algae growth 
is influenced by temperature, light availability, and 
nutrients (nitrogen and phosphorus), and represents 
the productivity of a waterbody.  

The BCLMN annual data shows chlorophyll a 
concentrations have consistently met the WQO (≤ 2 
µg/L) at the CLD sites since 2014. These records, 

along with low nutrient levels and high-water 
transparency confirm that Cowichan Lake is an 
oligotrophic system. 

Metals, Nutrients and Major Ions 

While there are no metals, nutrients, or major ion 
WQOs for Cowichan Lake, comparisons can be made 
between the BCLMN data and the BC WQGs for the 
protection of aquatic life, drinking water, and 
recreation, where available. Some BC WQGs 
incorporate Toxicity Modifying Factor (TMFs) into 
guideline calculations because they can reduce 
(ameliorate) or increase (worsen) toxicity. 

No BC WQGs exceedances were identified in the 
2024 data at the CLD sites. In the BCLMN data 
between 2014 and 2024, the CLD sites recorded 
values higher than the chronic BC WQGs in two 
occasions for copper, nickel and zinc. These 
exceedances remained below the acute BC WQGs, 
for aquatic life. However, there was not enough data 
for direct comparison to the chronic guideline. The 
exceedances happened in February 2014 and March 
2018 and assumed average TMFs (i.e., hardness, pH 
and dissolved organic carbon) for the lake. Results 
higher than chronic BC WQGs could represent a risk 
to aquatic life if persisting for extended periods.  

Escherichia coli 

E. coli is the only member of the coliform group 
specific to the feces of warm-blooded animals, which 
includes humans (ENV 2020). The presence of E. coli 
in water indicates fecal contamination and the 
potential for health risks to humans (ENV 2020). The 
WQO was developed to protect drinking water. 

Similar to observations from Smorong and Saso 
(2021) between 2012-2014, the E. coli 
concentrations recorded at Bear Lake (CLP12 – EMS 
E271685) exceeded the WQO of 10 CFU/100mL 
during both sampling events in July-August and 
October-November of 2024.  

The lake perimeter site at the Head of South Arm 
(CLP04 – EMS E273063) also exceeded the WQO in 
July-August 2024, but this result was due to a single 
elevated observation (Appendix Figure B3). Field 
notes indicate that there was light rain on August 
20th, 2024, likely contributing to an elevated result 
due to increased run-off into the lake.  

At the CLT sites, water samples from Shaw Creek 
exceeded the WQO during both sampling periods, 
consistently showing E. coli concentrations above 10 
CFU/100mL. The site at Nixon Creek (CLT 10 – EMS 
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E217514) also exceeded the WQO in July-August 
2024 (Appendix Figure B4). 

These results indicate fecal contamination affecting 
the Bear Lake and the Shaw Creek sites, pushing the 
90th percentile value above the recommended WQO 
for E. coli. In Shaw Creek, there is no clear evidence 
of an anthropogenic source in the area. However, 
the residential development along Bear Lake could 
lead to anthropogenic contamination from septic 
seepage. The results also indicate a possible 
correlation between elevated E. coli concentrations 
in some CLP sites and precipitation in the day 
preceding the sampling during fall 2024, particularly 
at Bear Lake (Appendix Figures B5 and B6). 
Robertson Creek, a tributary to Bear Lake, has 
demonstrated lower E. coli levels than the lake sites 
during the same period and it is unlikely to be the 
source of E. coli leading to the WQO exceedance. 

The 2024 E. coli levels are up to 3.7x the WQO in 
Bear Lake, which is higher than the exceedances 
detected for the same site in 2012-2014, which 
stayed under 1.2x the WQO (Smorong, and Saso 
2021). Further monitoring is recommended to 
determine whether this could indicate an increasing 
E. coli trend in Bear Lake.  

The Water Quality Guidelines of E. coli for recreation 
activities were not exceeded at monitoring sites in 
2024 (geometric mean <200 CFU/100 mL and 
maximum <400 CFU/100 mL). However, the results 
indicate that there is a possibility for exceedances of 
this benchmark throughout Bear Lake and Shaw 
Creek in locations closer to the source of potential 
contamination. 

Conclusions  

The Cowichan Lake Watershed WQOs were 
developed to provide water quality benchmarks 
that, if met, protected the most sensitive uses of 
Cowichan Lake and its tributaries (Epps and Phippen 
2011). In general, where WQOs were met, there is a 
minimal risk to water use and aquatic life with 
respect to the parameters being considered. Water 
temperature and E. coli were the only parameters 
with WQOs that did not meet their respective 
objectives in 2024. 

The thermal stratification pattern of Cowichan Lake 
was initially described by Epps and Phippen (2011): 
“By August, the water column was strongly 
stratified, with the thermocline occurring between 10 
m and 20 m in depth.” The WQO expected that 

temperatures below 15° C could be at a depth of 10 
m during summer. However, a review of historical 
and current data indicates that a depth of 15 m to 
20 m better represents Cowichan Lake’s natural 
thermal stratification patterns (Appendix Figure B2). 

Bear Lake (an embayed area in the Cowichan Lake) is 
considered critical habitat for the endemic and 
threatened Cowichan lamprey (Entosphenus 
macrostomus) (MacConnachie and Wade 2016 BC 
2025b). Spawning of the Cowichan lamprey have 
only ever been observed in Mesachie Lake which is 
adjacent and hydrologically connected with Lake 
Cowichan via Bear Lake. Mesachie Lake, Cowichan 
Lake, and Bear Lake, are the only waterbodies where 
this species is found. Increased development in the 
Cowichan Lake watershed could result in significant 
impacts, since it is presumedly a small, endemic 
population, where any loss of habitat or individuals 
could have significant implications for the survival of 
the species (MacConnachie and Wade 2016). 

Among the activities likely to impact critical habitat 
and ecological functions for the Cowichan lamprey, 
MacConnachie and Wade (2016) have pointed to 
excessive nutrient input as the result of non-point 
sources, such as septic seepage. The detection of E. 
coli levels exceeding the WQO in Bear Lake could be 
an early warning of the potential threats of septic 
seepage to this endemic species, but more 
information would be needed to determine the 
source. 

Due to the importance and sensitivity of Bear Lake 
for the Cowichan lamprey species, enhanced 
monitoring is recommended within the Bear Lake 
area, to ensure aquatic life remains protected.  

Recommendations 

 Continued WQO attainment monitoring in 
Cowichan Lake is recommended due to the 
various water uses in the area (i.e., drinking 
water, recreation, domestic and wildlife) 
and critical habitat for the Cowichan 
lamprey.  

 Future updates and revisions of the WQOs 
for Cowichan Lake would benefit from close 
collaboration with the Ts'uubaa-asatx 
Nation and the Cowichan Tribes. These 
benchmarks could be better informed from 
traditional ecological knowledge and uses of 
the lake area. 

 Revision of the selected depth for verifying 
attainment of hypolimnetic temperature 
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from > 10 m to > 20 m should occur to 
accurately reflect Cowichan Lake 
stratification patterns. This 
recommendation would also look for 
changes in the breadth of the hypolimnion 
and could be compared to past information 
to look for changes in depth.  

 The E.coli exceedances in lake and tributary 
sites are a reminder that water should be 
treated prior to drinking.  

 Monitoring of total phosphorus, total 
nitrogen and chlorophyll a should occur at 
site CLP 12 (EMS E271685). Resulting data 
can inform trophic conditions within Bear 
Lake and potential risks to the Cowichan 
lamprey.  

 Additional monitoring in the Bear Lake area 
would be beneficial to tracking the 
potential source(s) of E. coli.  

 If the bacteriological sources indicate septic 
seepage is reaching Bear Lake, it would be 
critical to develop a plan with local 
residents to address the septic issues, given 
the ecological sensitivity of the area.  
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Appendix A – Additional figures and tables 

 

 
Figure A2. 2024 Water Quality monitoring locations. 

Figure A2. Adult Cowichan lamprey. Photo credit: Joy Wade, in MacConnachie and Wade (2016). 
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Area Site name Description EMS ID Latitude Longitude 

Cowichan Lake 
deep basin site 

CL Deep 1 Cowichan Lake # 1 - South Arm E217507 48.8258 -124.1706 

CL Deep 2 Cowichan Lake # 2 - North Arm E217508 48.8564 -124.1572 

CL Deep 3 Cowichan Lake # 3 - Main Basin E217509 48.8817 -124.2811 

Cowichan Lake 
in-lake 
perimeter sites 

CLP04 Cowichan Lake at head of south arm E273063 48.8231 -124.0649 

CLP05 Honeymoon Bay - Lake Cowichan E271687 48.8219 -124.1811 

CLP08 Youbou #1 - Cottonwood Estates E271688 48.879 -124.2233 

CLP09 Youbou #2 - West E271689 48.875 -124.2199 

CLP10 Youbou #3 - East E271690 48.8697 -124.2039 

CLP12 Bear Lake - Lake Cowichan E271685 48.8153 -124.1283 

Cowichan Lake 
tributary 

CLT10 Nixon Creek E217514 48.8889 -124.3822 

CLT12 Robertson River E217516 48.8058 -124.1392 

CLT13 Shaw Creek E217513 48.9242 -124.3933 

CLT14 Sutton Creek E217515 48.8253 -124.2067 

Table A1. Additional details on the 2024 Water Quality monitoring locations (CL – Cowichan Lake; CLP - 
Cowichan Lake Perimeter; CLT - Cowichan Lake Tributary). 
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Appendix B – Graphs 
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Figure B3. Cowichan Lake Deep stations temperature profiles in 2024. 

Figure B2. Cowichan Lake Deep stations dissolved oxygen profiles in 2024. 
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Figure B3. E. coli concentrations in Cowichan Lake perimeter sites during 2024. The dotted line represents the E. coli WQO in Cowichan Lake, to be compared 
with the 90th percentile (located in the upper whisker of each boxplot). Site names for Cowichan Lake perimeter sites include: CLP04 – Head of south arm; CLP05 
– Honeymoon Bay; CLP08 – Youbou 1; CLP09 – Youbou 2; CLP10 – Youbou 3; CLP12 – Bear Lake. 
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Figure B4. E. coli concentrations in Cowichan Lake tributaries during 2024. The dotted line represents the E. coli WQO in the Cowichan Lake, to be compared 
with the 90th percentile (located in the upper whisker of each boxplot). Site names for tributaries include: CLT10 – Nixon Creek; CLT12 – Robertson River; 
CLT13 – Shaw Creek; CLT14 – Sutton Creek. 
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Figure B5. E. coli concentrations and precipitation for Cowichan Lake tributaries during 2024. Precipitation 
data source FLNRO-WMB934Mesachie2BC (Met Data Portal 2025). Site names for tributaries include: CLT10 – 
Nixon Creek; CLT12 – Robertson River; CLT13 – Shaw Creek; CLT14 – Sutton Creek. 
 

Figure B6. E. coli concentrations and precipitation for Cowichan Lake perimeter sites during 2024. Precipitation 
data source FLNRO-WMB934Mesachie2BC (Met Data Portal 2025). Site names for Cowichan Lake perimeter 
sites include: CLP04 – Head of south arm; CLP05 – Honeymoon Bay; CLP08 – Youbou 1; CLP09 – Youbou 2; 
CLP10 – Youbou 3; CLP12 – Bear Lake. 
 


