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1.0 Introduction
This is the second year of monitoring Swan Lake following the steps and methods from the previous
year. As such, the initial sections of this report, those that define a brief history, the physical
description of the lake and its watershed, the study site selection and the water quality monitoring
methodology will be repeated as they appeared in last year’s report with only slight updates.
The water quality of Swan Lake has significant impacts on the health and biodiversity of the lake and
its surrounding ecosystems. As with many urban wetlands, Swan Lake concentrates wildlife and
supplies vital nursery areas, food sources and supplies large varieties of protected habitat in the midst
of an increasingly developed landscape. Additional values of this feature are far-reaching as it gives
rest to migratory birds, provides water filtration, enables aquatic transitioning for insects and
terrestrial species and provides educational opportunities to observe the interactions of many natural
systems.
Human impact has changed the state of the health of this lake over time. In the late 1800s and the
early 1900s, people swam and fished the lake and local residents recall the lake as being clear and free
from algae blooms. In 1927, a winery was constructed on Quadra Street and effluent from the winery
began to have negative impacts on the water quality of the lake. Significant areas upstream of the lake
introduce non-point source agricultural nutrients that follow the catchment basin via the inflow of
Blenkinsop Creek. Such nutrient loading, as well as other elements from urban sources, have over time
created a highly eutrophic aquatic system characterized by high turbidity, elevated phosphorus levels
and at times poor dissolved oxygen concentrations. During the typical dry summers of Victoria, algae
blooms are common and on occasion fish kills occur where lake temperatures, dissolved oxygen, algae
overgrowth and nutrient imbalances result in conditions that exceed tolerable limits for fish and a host
of organisms. During these algae blooms, visitors to the walkways around the lake can at times smell a
pungent odor emitted from biomats that cover large parts of the lake and shore margins. It is quite
common for the western end of the lake to be completely covered. As a result, the overall health and
biodiversity of the wetland area is significantly impacted by these summer extreme signals that are
measurable in the water quality of the lake.
Changes in lake systems can be subtle or dramatic, human induced or climatic. To better understand
the processes at work within the lake and to observe temporal change, a water quality monitoring
program was proposed, funded and carried out at Swan Lake measuring water parameters from the
beginning of June until the end of September 2016 and again for the period of May to the end of
September 2017.
In this report, data is presented which summarize measured water properties including dissolved
oxygen, pH, temperature, nitrates and phosphates for the 2017 sampling period. These parameters are
some of the key indicators of aquatic health. Although this is largely a data report, some interpretation
of the factors that influence the measured parameters will be offered along with time series
comparisons with the 2016 sampling season.
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2.0 Swan Lake Watershed

Swan Lake location: 48 27’47.69”N 123 22’ 21.79”W
Swan Lake watershed: 12 square km (Figure 1)
Swan Lake: 9.3 hectares
Nature sanctuary: 48 hectares
Main inflow stream: Blenkinsop Creek
Main outflow stream: Swan Creek

Figure 1. Swan Lake watershed boundary (Townsend 2004).

Figure 2. Swan Lake bathymetry.
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3.0 Selection of Sample Sites
Key components to a successful sampling program are the selection of sample sites that represent a
good spatial distribution of lake conditions as well as a rationale that justifies the sample site positions
for profiling. In this study, several sites were selected and the positions of these sites are indicated in
Figure 3. These sites were accessible by foot and offered a stable platform to work from. Each site will
briefly be described and the selection rationale will be discussed.

Figure 3. Water quality sample site.
On a typical sampling day, the first set of data would be taken at the bubbler site at about 9:30 am.
This site was situated within a perched pond not connected to the lake during the summer months. At
this site, aeration bubblers vigorously circulated air to keep this water from becoming stagnant. This
site was largely selected as a calibration site to calibrate barometer pressure for the day’s sampling
and to run through optical dissolved oxygen calibrations. Values taken here showed uniform mixing
with no gradients in temperature, pH and dissolved oxygen. As this area was cut off from the lake
during the summer, sampling here was dropped in the 2017 sample season.
From this calibration site, sampling was carried out around the lake in a counter-clockwise manner
with the first site on the lake located at the first boardwalk bench (bench #1). This site was relatively
shallow and was the first of three in a cross-sectional transect of the western segment of the lake. This
site was close to the shoreline margin and often covered in duckweed or surface algae mats. Moving
along the boardwalk, the next site was located at bench #2 in deeper water. This site was away from
the north and south margins of the lake perimeter and was often clear of surface algae. Bench #3 was
located relatively close to Swan Creek, the outflow of Swan Lake. At this site, significant accumulations
of detritus were observed on the lake bottom from GoPro video and generally algae mats or thick
duckweed covered the surface.
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Water properties were next taken from Swan Creek, the outflow pathway. This site dried up by
mid-July so only the month of June and the first week of July were measured. It was thought that this
site would yield a total integration of the lake processes and could be useful to compare to the inflow
creek data.
The southeastern part of the lake was sampled from the south-side wharf, a relatively shallow area
with a large water lily population and often calm in comparison to other parts of the lake. From here
water samples were taken and water properties measured at Blenkinsop Creek, a potential input of
urban and agricultural runoff carrying nutrients to Swan Lake. The final sample site was located at the
Founders’ Wharf, a mid-point between the inflow and outflow creeks and one of the deepest sites
sampled on the lake. Elapsed time to complete the sampling typically was about 4.5 hours.
4.0 Methodology
Profiles were taken at each lake site at the surface, 50 cm intervals and the bottom. These profiles
were taken with two YSI handheld meters and associated probes. The “ODO Profession” measured
dissolved oxygen (DO) in percent saturation and mg/l of oxygen as well as water temperature. The YSI
“ProfessionPlus” was used to measure pH at the same intervals. In addition, a secchi disk was used to
measure turbidity and a GoPro 4 Silver was used to acquire underwater video for visual inspection.
Daily barometric and DO calibrations were performed prior to the first set of profile measurements.
The pH probe was calibrated monthly using a two point calibration process. As the range of pH is
between 6.5 and 9.5, the buffers used in the calibration were pH 7.0 and pH 10.0.
Prior to sampling, observations were noted recording weather conditions including cloud coverage,
wind and wave conditions and the surface presence of duckweed, algae mats or suspended
cyanobacteria. Each profile was conducted in the following manner: both DO and pH probes were
suspended such that the probes were just below the surface with all parts of the probes submerged.
Readings from the meters were recorded once values stabilized. This stabilization usually took about
two to three minutes but there were many situations where this interval was longer. The probes were
then lowered at 50 cm increments and values were recorded at each increment. The final readings
were taken with the probes resting on the bottom.
Secchi depths were recorded by lowering the disk into the water column until the disk was no longer
visible. Generally each lake site had recorded secchi depths with only a few exceptions. In some cases,
where algae mats or thick duckweed were present, values could not be obtained as algae would close
in immediately after the disk passed through the surface water.
Video recordings were made by lowering a two-meter pole into the water. This became a useful tool to
observe the presence of fish and where in the water column the fish tended to reside. It was also
useful to examine suspended algae density, bottom plant life, bottom hardness and the presence of
detritus.
Water samples were typically taken at the bench #2, the inflow creek and the Founders’ Wharf as well
as a few spot samples taken from the boardwalk and the south-side wharf. These samples were
analyzed for nutrients using the YSI “9500 photometer.” Both nitrate and phosphorous were tested by
4

following strict procedures using reagents and timed mixing intervals. These values were recorded for
temporal comparisons.
5.0 Results

A complete set of data has been compiled for this study and is supplied digitally in the form of Excel
spreadsheets on a data DVD included with this report. Representative data plots are presented here
with some discussion offered highlighting some of the physical and biological processes at work.
During the sampling interval between May and the end of September, the summer heating of the lake
and the presence of algae blooms were observed as well as the dying off of suspended cyanobacteria
as the temperatures and the daylight hours diminished into the fall season. Weather conditions played
a significant role in the water properties for both oxygen and pH profiles. Sunny weather tended to
create higher levels of oxygen within the top 1.5 m as would be expected due to photosynthesis and
cloudy weather tended to result in lower levels of oxygen. A fish kill was observed in September and
data and discussion will be offered in a separate section suggesting root causes.

5.1 Temperature
To initiate a comparison of the water-quality parameters, a plot was generated showing the daily
average air temperature variations as measured at the Swan Lake weather station (Figure 4). It was
assumed that surface water temperatures would respond to the thermal input from contact with the
air.
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Figure 4. Air temperature measured at the Swan Lake weather station.
Figure 5 shows a comparison between daily air temperature and weekly water temperature at profile
depths at bench #2. Note the structure of the water temperature curves generally respect that of the
air temperatures, with an offset at the surface of approximately five degrees Celsius, the lake
temperature being warmer than the average daily temperature. This would suggest that the effect of
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solar heating during the day has more of an impact on lake temperatures than the cooling during the
night. The surface and 1 m curves of the water temperatures, although sampled less frequently,
generally responds to fluctuation trends in the air temperatures. Lake bottom temperatures tend to
respond in a manner that smooths out the higher frequency fluctuations of the air temperatures.

Figure 5. Daily air temperature compared to profile water temperature.
Temperature profiles were recorded at each sample site. A small selection of these temperature
profiles are displayed below in Figure 6. These plots were taken from data collected at bench #2 and
the Founders’ Wharf sample sites and curves depict mid-month data for the months of May, June, July,
August and September.

Figure 6. Mid-month water temperature profiles from two sites.
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The average difference between the surface and bottom temperatures over the May to October period
for bench #2 was 2.1⁰C and 3.0⁰C at the Founders’ Wharf with the highest gradient value of 5.7⁰C
recorded at bench #2 on July 5 and 7.5⁰C at the Founders’ Wharf on June 28.

5.2 Turbidity
The turbidity of the water was measured throughout the study period to give an index of the clarity of
the water. This parameter has both physical and biological implications and indicates the presence of
both visible and invisible particles suspended within the water column.
Light penetration into the water column plays a key role in terms of heat flux and provides the
necessary energy inputs for plant photosynthesis. Figure 7 shows the secchi disk used to make these
measurements.

Figure 7. Secchi disk used to measure turbidity.
It was noted throughout the summer months that there was an abundance of suspended filament-like
algae (Aphanizomenon flos-aquae) distributed vertically within the water column. In mid-July,
populations of this organism as well as surface algae, including duckweed, impeded light penetration
significantly as can be seen by the secchi depth plot (Figure 8). Secchi depths from 2016 and 1986 were
also plotted on Figure 8 for comparison. Note shallow water depths on this curve represent shallow
light penetration. Data collected from 2017 shows diminished light levels over the late July to
September period when compared to the data collected for 2016 and 1986.
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Figure 8. Temporal secchi disk depths taken from the boardwalk.
Algae blooms were noted in several areas of the lake over the summer. The portion of the lake west of
the boardwalk was often completely covered in algae as shown in Figure 9.

Figure 9. Impeded sunlight penetration on the western part of the lake.
It was observed that winds create surface circulation, transporting duckweed and algae mats in the
direction of flow. This material would often be pushed up against the shoreline creating zones or
margins of dense green biota. On several occasions during the sampling process, it was observed that
algae mats were free floating and moved much like clouds impeding light penetration directly below.
Figure 10 shows a photograph taken September 13, 2017 which corresponds to the zero light
penetration of that date on the secchi depth plot of Figure 8.
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Figure 10. Surface duckweed bloom of September 13, 2017.
GoPro video from the September 13 field work showed how effectively the duckweed layer impeded
light penetration. As the GoPro was lowered through the duckweed, no visible light was apparent after
5 cm. The camera was oriented to look up from under the duckweed and only a very dim greenish hue
was observed.
5.3 Water Colour
Surface water colour has long been used as a method to characterize water quality indicators such as
chlorophyll, the green pigment found in cyanobateria, and coloured dissolved organic material (Novoa
et al., 2014). Oceanographers and limnologists have used a standardized colour swatch called the
Forel-Ule scale (Figure 11) in conjunction with a secchi disk to describe water colour. To determine the
Forel-Ule value, the secchi disk was lowered into the water column until it was no longer visible. This
depth was recorded as the secchi extinction depth. The disk was then raised until it became visible
again and this depth was recorded as the eruption depth. The secchi depth is the average of these two
values. The secchi disk was then brought up to half the secchi depth and the Forel-Ule scale was
compared to the colour of the submerged secchi disk. Both a physical print-out of the scale and an
Android app called Citclops were used to determine the appropriate Forel-Ule value. The values of the
scale represent a range of water types as described in the following paragraph by Wernand and Van
Der Woerd 2010:
“These colours cover a large range of water types that are found in nature; oligotrophic waters appear indigoblue and cover the Forel-Ule (FU) scale numbers 1 to 4, mainly due to the scattering and absorption of pure
water. The colour of natural waters changes when more substances are present in the water, like algae,
suspended (inorganic and organic) material and dissolved organic material. The colour range of mesotrophic
water is approximately bluish green to greenish blue (FU5 to FU9), of eutrophic water greenish blue to yellowish
green (FU10 to FU14) and hypereutrophic waters from yellowish green to greenish brown (FU15 to FU18). The
last scale numbers (FU19 to FU21) brownish green to brown cover the colour of humic acid dominated waters.”
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Figure 11. Forel-Ule comparator scale for water colour.
The recording of the Forel-Ule values began in mid-July and the values are displayed in Figure 12. There
were some field dates where no values were recorded due to 100% duckweed coverage.

Figure 12. Forel-Ule values for water colour at bench #2 location.
Based on the values recorded in Figure 12, Swan Lake exhibited eutrophic to largely hypereutrophic
conditions throughout the summer to early fall time period. These values are likely due to the hues
cast by algal bloom and decay cycles. Surface water colour photos were also taken throughout the
study period to illustrate the dynamic range of colours (Figure 13).
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Figure 13. Photos of surface water throughout the study period.
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5.4 Dissolved Oxygen
Probably the single most important measurable parameter of the lake is the amount of oxygen. This
element promotes and sustains biological activities. Oxygen enters into the aquatic environment via
two main pathways. Some atmospheric oxygen diffuses into the water at the air/water interface. This
process can be accelerated through mechanical mixing such as wind and wave action, surface rain
impacts or through turbulent flow such as water moving through creeks and rivers. The second
pathway, which contributes to most of the dissolved oxygen at Swan Lake, is through plants. Dissolved
oxygen levels are in a constant state of flux and vary daily based on production in the daylight and
consumption during the night due to biological respiration. This creates a diurnal cycle of high levels
during the day and relatively low levels at night. Oxygen levels respond to available nutrients and vary
seasonally based on climatic influences and hydrological inputs (Ministry of Environment, Lands and
Parks 1997).
During the summer months, the bright sunlight, warm water temperatures and supply of nutrients
present ideal conditions for algae and bacteria growth. This has both positive and negative impacts.
The positive impact is the prolific production of oxygen through the process of photosynthesis. In this
process, CO2 combines with water and sunlight to produce glucose that feeds the plants. As a byproduct of this reaction, oxygen is liberated and made available. The negative impacts of surface plant
overgrowth are the blocking of sunlight to biota in the water column and to bottom plants as well as
the potential die-off of biota should nutrients be consumed or if sunlight is obscured for a series of
consecutive cloudy days. The bacteria employed in the decomposition of these large numbers of plants
results in a significant depletion of oxygen. Should the oxygen level become anoxic throughout the
water column, fish kills can occur and did occur in mid-September.
The YSI ODO probe was used to measure profiles at each of the sample sites. All sites typically had
oxygen gradients where values at the surface were typically high and values at the bottom were, for
the most part, anoxic. During summer algae blooms, oxygen levels at the surface were often supersaturated. During these events, small oxygen bubbles could be observed at the surface or within algae
mats as displayed in Figure 14.

Figure 14. Super saturation of oxygen shown here trapped within surface algae.
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Temporal plots were made for each sample site with curves depicting dissolved oxygen at each profile
depth. The sampling was conducted weekly between May 17-Sept 13, 2017 and extended to Oct 11,
2017 for bench #2 and the Founders’ Wharf. Plots for both mg/l and % saturation are presented in
Figures 15 and 16.

Figure 15. Dissolved oxygen (mg/l) curves for each sample site and profile depth.
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Figure 16. Dissolved oxygen (% saturation) curves for each sample site and profile depth.
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Examining the dissolved oxygen curves of Figures 15 and 16 shows that the lake profiles are far from
uniform. Although there are similarities in the boardwalk transect of benches 1, 2 and 3, variations
from site to site suggest that oxygen production in the lake is site specific (Figure 17). For the most
part, the surface dissolved oxygen spread between the different sites before the dramatic drop in
September was of the order of 5 mg/l with the richest site being at the Founders’ Wharf. This is likely
related to the differences in the occurrence of plant species and their abundance, prevailing winds as a
vector to surface algae transport, proximity of sample sites to shallow shoreline influences and possibly
a sampling bias as the Founders’ Wharf was typically the last sample of the day, having had more
exposure to sunlight than the earlier sampled sites. From GoPro video, the shallow shorelines tend to
have an abundance of bottom plants that have access to direct or diffused light despite build-ups of
wind-blown duckweed.

Figure 17. Dissolved oxygen (mg/l) curves for surface water at each sample site.
Algae blooms do not necessarily affect the entire lake but can be localized. For instance, the
boardwalk, which is somewhat permeable to surface algae drift, does create a collection zone which
thickens biota and, given the right conditions of sun and heat, can create an algae bloom which can
temporally drive surface dissolved oxygen levels to well above saturation. In fact, surface water at all
sites equaled or exceeded saturation from June 7 right through to August 3. During this period, visible
bubbles could be seen bursting at the surface or suspended in the surface waters. This was particularly
noticeable at benches 2 and 3 on June 7 and July 26, 2017.
Along with the time series plots of Figures 15 and 16, a number of profiles are plotted in Figure 18
which depict seasonal variations of dissolved oxygen profiles in units of mg/l.
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Figure 18. Dissolved oxygen profiles.
The first four curves of Figure 18 clearly show a gradient of relatively high oxygen at the surface and
anoxic conditions at the lake bottom. On September 13th, however, the plot shows a complete collapse
of dissolved oxygen levels throughout the water column at all five sites. This abrupt change showed
signs of this downward trend as early as September 6th. It was noted on the 6th that schools of
stickleback fish were collecting at the surface and gulping for air at all three sites on the western
boardwalk. Similarly, it was noted from the dock on the south-east corner of the lake that wide-spread
gulping was occur in the eastern portions of the lake. By the 12th, dead sticklebacks, sunfish and catfish
were appearing in numbers at the surface. During the site visit of September 13th the entire lake was
covered in a thick layer of duckweed as shown in Figure 10 and several dead fish were extracted from
the surface of the lake for heavy metal testing to be conducted at the Institute of Ocean Sciences in
Dr. Andrew Ross’ mass spectrometry laboratory. These fish included sticklebacks, pumpkinseed sunfish
and catfish (Figure 19).
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Figure 19. Fish kill photos showing stickleback, pumpkinseed sunfish and brown catfish taken at Swan
Lake over the period of Sept 13–24. The dark objects in the background photo are all dead fish.
Photo credits: Brandon Boudewyn, Kathleen Dalzell and Rob Bowen.
It should be noted that the dissolved oxygen data from the same time last year (September 2016)
showed a significant drop as well, particularly in the western part of the lake (Figure 20) but these low
levels were short-lived and values rebounded due to heavy rains and a drop in temperature before a
fish kill could develop. The farside dock still had relatively high levels during this time.

Figure 20. Low dissolved oxygen levels in September 2016 as well.
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To put dissolved oxygen (DO) concentrations into context, Figure 21 displays the range of tolerance for
fish in terms of this vital element.

Lowest DO at which fish survived for 24 hours (Summer)
Northern Pike - 6.0 mg/L
Black Bass - 5.5 mg/L
Common Sunfish - 4.2 mg/L
Yellow Perch - 4.2 mg/L
Black Bullhead - 3.3 mg/L

Figure 21. Dissolved oxygen range of tolerance for various fish species (Source: Water
Research Center 2017 http://www.water-research.net/index.php/dissolved-oxygen-in-water)
Clearly the dissolved oxygen levels dropped well below the tolerance levels for the fish at Swan Lake
and these levels persisted for approximately ten days. This drop in DO illustrates a period of absence
and dysfunction for photosynthetic processes. The impact of these low DO levels are significant to fish
populations and to other organisms that rely on oxygen for respiration and result in a collapse of the
established food webs. Considerations for intervening to avoid such conditions will briefly be
addressed in the recommendations of this report.
Dissolved oxygen data collected by Shelly Harnadek in 1987 and from field notes from 2012 and 2013
(yellow note book with initials JPT) were compared to the values obtained in 2016 and 2017. Figure 22
shows this comparison in units of mg/l. Although the sampling interval in 2016 and 2017 was weekly
and other sources less frequently, the values show a similar magnitude of a common summer time
elevation in the top 1.0 m. It can be seen here that increased sampling frequency reveals that lake
conditions vary on time scales less than a month and likely even less than a week. As photosynthesis
(plant-based oxygen production) is dependent on available daylight, even the time of day or the
brightness of the day can affect the oxygen levels. To try and minimize the affect of the diurnal cycle,
sampling was carried out consistently at the same time of day.
18

Figure 22. Dissolved oxygen profiles comparing samples taken in 1986 to the 2016 results.
5.5 pH
To discuss pH in an aquatic setting, it is important to draw attention to available dissolved CO2 and the
respiration of aquatic plants. The two equations that govern photosynthesis are summarized as
follows:
6CO2 + 6H2O -> C6H12O6 +6O2
carbon dioxide + water -> glucose + oxygen
HCO3-+H2O -> CH2O +O2+OH-

(1) (Wetzel, 1983)

(2) (Pedersen et al. 2013)

Note the fixation of CO2 in equation 1 and the production of OH- in equation 2. During algae blooms
where photosynthetic activities are highly active, the production of OH- tends to drive the pH level up
at the surface. Lower down in the water column, where light penetration is limited, decomposing
processes dominate and consume biota liberating H+. This hydrogen ion combines with H2O and
dissolved CO2 to create carbonic acid as describe in equation 3:

CO2+ H2O ⇌ H2CO3

.

(3)

The pH was sampled at each site for the entire study period. Figure 23 shows profile curves for each
site. Note there is a general decline in pH values at all sites moving from summer to fall.
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Figure 23. pH curves for each sample site and profile depth.
Examining Figure 23, there is a clear trend at all sample sites of pH declining from high summer values
during peak plant production to values in the fall that are moving towards neutral as plant abundance
drastically diminishes.
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Profiles were generated for site visits for each month during the sampling season and are displayed in
Figure 24.

Figure 24. pH profile curves.
As with the DO profiles, the pH profiles of September 13 show a dramatic change from the August
values. Without the oxygen production from photosynthesis, CO2 builds up and produces an excess of
the H+ ion which drives the pH down.
The DO was plotted against the pH for all depths at all sites over the June 7th to September 6th period.
As would be expected, there appears to be a strong correlation between DO and pH as can be seen in
Figure 25 where low pH correspond to low DO and high pH correspond to high DO. A fourth order
polynomial trend line and its equation have been overlaid onto this plot.
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Figure 25. Dissolved oxygen versus pH.
5.6 Nutrients
Water samples were taken at a number of sample sites around the lake. The inflow creek site was
considered of great importance as this has the potential to be a vector for external nutrient loading.
Water samples were taken in a shady area just downstream from the walking trail wooden bridge at
Blenkinsop Creek. Figures 26 and 27 present both nitrate and phosphate concentrations respectively.

Figure 26. Surface water nitrogen concentrations for 2016 and 2017.
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Figure 27. Surface water phosphorous concentrations for 2016 and 2017.
It’s interesting to note that the inflow creek nitrogen levels were almost always lower than the lake
values. This may be due to the process that some lake algaes can fix atmospheric nitrogen. Also of
note, the phosphorous values were in all but a few cases higher in the inflow creek. As the
phosphorous cycle has its origins in rocks and sediments as well as fertilizers, the water flowing
through the creek is more apt to transport agricultural nutrients and soluble phosphorous via sediment
or rock contact. The values measured in 2016 and 2017 are within the same limits of those
measurements made in the 1970s, 1980s and 2013.
5.7 Fish Kill
On the September 6th visit to the lake it was noted that dissolved oxygen profiles taken from the three
boardwalk sites had turned anoxic throughout the water column. A week prior to this all three sites
had saturated levels. This dramatic drop was not experienced in the surface waters on the 6th at either
the farside dock or the Founders’ wharf which still were saturated. Also on the 6th, temperatures were
warm, lake conditions were calm and a heavy smoke from the wildfires in Washington State had
moved in, largely filtering out the sun’s rays. Figure 28 shows the incoming solar radiation plot showing
a drop in solar radiation caused by the smoke. Note the solar radiation is a measure the intensity of
sunlight reaching the Earth's surface. This radiation is coming from the entire sky, not just the sun.

Figure 28. Drop in incoming solar radiation due to wildfire smoke.
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In was noted that on August 30th the water column was filled with an abundance of cyanobacteria
(Aphanizomenon flos-aquae) that was showing a colour change from the bright lime green of the
summer months to a duller brownish green. Figure 29 shows GoPro video captures of the surface
water from August 30, September 6 and September 13 depicting the die off of Aphanizomenon flosaquae, a key producer of oxygen.

Figure 29. GoPro video captures of surface waters showing the decline of cyanobateria all taken at
bench #2 of the boardwalk. Left to right, August 30, September 6 and September 13.
During this period, the occurrence of duckweed intensified, creating, at times, a complete barrier to
the solar input into the water column (see Figure 10) which shut down the energy input requirement
for photosynthesis. Also of note were the low levels of phosphorous, a limiting nutrient leading up to
this period. This combination of physical and chemical attributes resulted in a cyanobacteria die-off
which triggered a sharp decline in anoxic oxygen conditions. Figure 30 summarizes the events leading
up to and including the fish kill. As mentioned in the dissolved oxygen section, dead fish began to
appear at the surface on September 12. Dissolved oxygen levels began to rebound back to safe levels
by September 24 where a new population of cyanobacteria began to appear. On the 24th it was noted
that the phosphorous levels had sharply risen from the previous week possibly due to the flush of
nutrients introduced by the decaying fish.
Upon careful review of the dissolved oxygen levels and the occurrence of gulping fish, the western part
of the lake experienced the decline in oxygen levels almost a week before the eastern part of the lake.
As the prevailing winds tend to push mobile biota to the west and the boardwalk tends to be a
collection zone for mobile plants such as duckweed and biomats, especially in the western bay, light
penetration levels tend to be comparatively lower than the Founders’ Wharf and the farside dock. In
addition, phosphorous levels are higher in the inflow creek and therefore refresh the eastern part of
the lake with this limiting element due to creek discharge.
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Figure 30. Timeline of contributions to anoxic oxygen conditions leading to the September fish kill.
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The dissolved oxygen data for bench #2 and the Founders’ Wharf were gridded in order to create
contour plots which delineate the oxygen-rich waters from those that are anoxic (Figures 31 and 32).
These plots display the onset of the oxygen level collapses and show a time series of water column
data throughout the sampling period. The colour scale indicates dissolved oxygen in mg/l. Note that
the black fill represents values less than or equal to 2 mg/l, a value intolerable to all fish in the lake.
This contour is bounded by a white contour line. The second white contour line indicates a dissolved
oxygen level of 5 mg/l. This line indicates the base of a threshold for safe limits.

Figure 31. Dissolved oxygen time series for water column at bench #2 sample site.

Figure 32. Dissolved oxygen time series for water column at Founders’ Wharf sample site.

5.8 Laboratory and Field Images
During the sample period, routine net drags were performed and the sample contents were examined
via microscope. A number of images of the zooplankton and algae species were photographed and are
included as a small collection of observed species (Figure 33). An small sample of surface biota was
photographed and displayed in Figure 34.
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Figure 33. A small sample of microscope images of Swan Lake biota.
(Needham and Needham 1972)
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Figure 34. A small sample of biota photographed at Swan Lake biota.
(Huynh and Serediak 2006)
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6.0 Conclusions and Recommendations
Swan Lake is a eutrophic lake that exhibits steep dissolved oxygen, pH and temperature gradients
during the summer months. Algae blooms were observed during this sampling period especially in the
west bay where the boardwalk sheltered the surface waters from the long east–west fetch of the lake.
The boardwalk effectively acted as a barrier to wave action allowing the algae to form thick organic
mats that blocked sunlight penetration to the water column. Conditions of the lake deteriorated in the
first week of September as light levels declined due to wildfire smoke, duckweed overgrowth and a
mass die-off of the oxygen-producing cynobacteria. This resulted in a prolonged fish kill event where
dissolved oxygen levels became anoxic throughout the water column for a period of approximately 10
days. The impact of this fish kill affects every part of the food web and its impact has affected and will
continue to affect populations and biodiversity. In the Saturday, July 15, 2017 edition of the Times
Colonist, the Capital Regional District (CRD) is quoted as building a business plan for a million dollar
aeration system to reduce algae blooms in Elk/Beaver lake. It is stated that these lakes are
experiencing seasonal blooms and that these blooms have become more frequent and of longer
duration. These cyanobacteria have the potential to release cyanotoxins that can be hazardous to
humans and animals if ingested. Langford Lake installed a large aeration system back in August 2012 to
address water quality issues.
As the lakes in the Greater Victoria area experience generally a decline in water quality, strategies to
reduce blooms and improve water quality are essential to promoting ecosystem health. A key part of
this strategy is to understand how the ecosystem works in order to take the right approach to the
problem areas. As noted in the dissolved oxygen section, the boardwalk sampling sites indicated anoxic
conditions well before the presence of dead fish at the surface. These sites could be used in the future
as early warning indicators of drastic drops in dissolved oxygen levels. Now that the algal bloom season
is over, consideration should be made as to how to respond to such drops in the oxygen levels for the
future. There are numerous approaches to resolving algae blooms and the oxygen dilemma including
chemical treatment, aeration and mixing. Each method has its pros and cons, and of course, budget
considerations. In preliminary fact-finding, not all systems require a big budget. One system, for
instance, which was developed on Vancouver Island and is now being used world-wide is called the
O2B2 fine bubble aeration system. Talking with the founder of the company, Allan Tweten, a 400 linear
foot line of bubble tubing could be set up that would run the entire length of the boardwalk for about
$2000. The system is described in the following YouTube video:
https://www.youtube.com/watch?v=5ShvGufOoag. It is presently being used at Quamichan Lake to
restore a highly eutrophic lake just outside of Duncan.
Further to these discussion points, the following recommendations are suggested for consideration.
1) Consider methods to improve water quality through environmentally friendly techniques such
as an aeration system.
2) Continue monitoring water quality at Swan Lake as it is a proactive approach to detect changes
in nutrient loading and ecosystem health. It is recommended that monitoring be a continuous
strategy, especially as we observe an increase in weather extremes and climate change.
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3) Data collected from this and other studies could be used as an educational tool as to how
oxygen, pH, temperature and nutrients are inter-related and have influence on the overall
health of the environment. One way to provide this educational tool would be to add a new
component to the touch screen on water quality.
4) A GoPro camera was used during the study to observe the water column and lake bottom
characteristics. This visual tool proved useful in several ways. Fish were observed at distinct
depths. As specific fish have specific tolerances to dissolved oxygen, pH and temperature, these
fish are constantly seeking favorable conditions. Using a camera could provide a method to
correlate fish location with water quality parameters. Better still would be to use a small
portable fish finder to record the fish abundance and the water depth. Several models of fish
finders are available for under $300.
5) As the bathymetric chart for Swan Lake is several decades old, it is recommended that a new
survey be conducted to update this data.
6) It is recommended that a species inventory be done for the lake to determine the biodiversity
which would provide a benchmark to monitor changes.

7.0 Rationale for monitoring
In the course of this sampling period, dozens of visitors expressed keen interest in the monitoring
program. This provided an educational opportunity for the public by describing system health in the
context of such issues as dissolved oxygen, pH, temperature, nutrients, algae and fish. This setting
provided a connection between the science of data acquisition and how the lake system works. During
the fish kill there were many concerns about the state of the health of the lake and, as some put it,
they were grateful that Swan Lake was taking the time to monitor lake changes. Some thought the fish
kill may have been related to contaminants rather than an algae/dissolved oxygen collapse.
In this fish-kill event, declining dissolved oxygen levels were apparent well before dead fish appeared
at the surface. An early warning through measuring water parameters could initiate mitigation
procedures that could help to reduce destructive impacts. Monitoring, in this case, would lead to
science-based decision making where real data could provide evidence for action.
Swan Lake and the creeks that feed and drain this lake are nurseries and habitat for a host of
organisms that call Swan Lake and Christmas Hill home. These environments have many humaninduced influences that can potentially alter nutrient balances through the flushing of agricultural
fertilizers or contaminants such as oil residues from the roads as delivered by Blenkinsop Creek or the
groundwater movement from local septic fields. Monitoring the lake health can reveal issues of
concern and potentially provide a path to restoration.
There are many facets to eutrophic systems. By having a yearly monitoring program, insights gained
from one year are carried forward building on a knowledge base which improves our understanding of
this environment. If methods to improve water quality are to be considered, monitoring provides a
method to measure the positive and negative influences of interventions.
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