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Executive Summary
Swan Lake is a nine-hectare lake situated in an urban setting. Every year, the lake experiences
algal blooms and dramatic dissolved oxygen oscillations. To better understand the dynamics of
this eutrophic system, an ongoing monitoring program has been set up to investigate lake
properties. This is the fourth consecutive year of water quality sampling using a consistent
methodology. Key water quality parameters are summarized as time series plots and some
interpretations are offered to address the inter-relationships that influence the lake conditions.
Data were collected at three lake sites and the inflow creek starting in April and ending at the
beginning of October 2019. Inter-annual comparisons of parameters showed that this year’s
dissolved oxygen levels were comparatively low. This was also true of the pH data and nitrogen
concentrations. New this year was the testing of a spectrometer to quantify light penetration in
terms of intensity and wavelength frequencies at depth. These data were compared to DO
concentrations. Two dissolved oxygen loggers were deployed in two different locations which
gave high temporal resolution samples every 20 minutes from mid-June to early October. Of
note this year was the proliferation of Eurasian water milfoil, the reduction of Aphanizomenon
flos aquae and the appearance of Azolla filiculoides.
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1.0 Introduction
This is the fourth year of monitoring Swan Lake following the steps and methods from the
previous years. With the collection of water samples and water column profiles, year to year
comparisons are providing insights into the biological systems that govern the seasonal changes
at Swan Lake. In this year’s data collection, we saw a significant difference in the dissolved
oxygen profiles, a decline in the well established cyanobacteria Aphanizomenon flos aquae and
the proliferation of the invasive species Eurasian water milfoil. Swan Lake also experienced a
bloom of the Azolla filiculoides, a water fern that was first observed in mid-August and then
became a dominate species throughout the lake. Swan Lake continued with its Junior Naturalist
Program which had a water quality component where students were given hands-on experience
with water quality sampling techniques including water column profiling to measure dissolved
oxygen concentrations, pH, temperature and oxygen reduction potential. Students collected
data which were plotted for week to week comparisons. New this year was the deployment of
dissolved oxygen loggers that were positioned in the water column at the Founders’ Wharf and
the mid-point of the boardwalk. These were deployed on June 19 and recovered October 4.
Each logger sampled at an interval of 20 minutes over the entire deployment period. As light
penetration into the water column is key for photosynthetic activity, a fiber optic spectrometer
was tested to measure light frequency and intensity with depth. This method complemented
the more subjective secchi depth measurement for light penetration and turbidity.
As this monitoring program is a continuation from previous years, 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 previous year’s report with a few 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 large varieties of protected habitat in the
midst of an increasingly developed landscape. Additional values of this feature are far-reaching
as Swan Lake 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 low 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
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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, May to the end
of September 2017, April until the beginning of October 2018 and, most recently, April to the
beginning of October 2019. Such lake studies are getting press due to a growing concern about
harmful algal blooms. In fact, an article on Swan Lake water quality made the front cover of the
October 2019 edition of the Environmental Science and Engineering magazine (see Appendix 1).
In this report, data is presented which summarize measured water properties including
dissolved oxygen, pH, oxygen reduction potential, temperature, nitrates and phosphates for the
2019 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, 2017,
2018 and 2019 sampling season.
2.0 Swan Lake Watershed
The general details about location and attributes of Swan Lake are listed below.
Swan Lake location: 48 27’47.69”N 123 22’ 21.79”W
Swan Lake watershed: Colquitz River 50 km2 (Figure 1)
Swan Lake area: 9.3 hectares
Nature sanctuary: 48 hectares
Main inflow stream: Blenkinsop Creek
Main outflow stream: Swan Creek
Maximum depth: 6 m (Figure 2)

Figure 1. Swan Lake watershed boundary (source: CRD watershed maps).
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Figure 2. Swan Lake bathymetry (source: Townsend 2004).
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.
Sampling was carried out around the lake in a counter-clockwise manner with the first lake site
on the lake located at Founders’ Wharf. This site was located at the mid-point between the
inflow and outflow creeks and one of the deepest sites sampled on the lake. It had easy access
Swan Lake Water Quality April–October, 2019 Diversified Scientific Solutions 3

and was a good stable platform for deploying instruments such as the Acoustic Zooplankton Fish
Profiler deployed in the 2018 field season. As will be discussed, this site was one of two sites
where dissolved oxygen loggers were placed to examine diurnal cycling over several months.
The second lake site was located at the mid-point of the boardwalk. This site was approximately
20 m from one of the two bubbler lines. The second dissolved oxygen logger was placed here in
hopes of detecting the impact of the bubbler lines when compared to the logger positioned at
the Founders’ Wharf.
The third lake site was located on the southeastern part of the lake from the south-side wharf
(farside dock), a relatively shallow area with a large water lily population and often calm in
comparison to other parts of the lake. From here the final sample site was located at Blenkinsop
Creek, a potential input of urban and agricultural runoff carrying nutrients to Swan Lake.
Elapsed field work time to complete the sampling typically was about three to four hours.
Water chemistry to determine phosphorous, nitrogen and ammonia concentrations were done
offsite using a prescribed set of procedures using reagents and a YSI photometer. Water
samples were processed the same day in order to capture accurate concentrations.
4.0 Methodology
Profiles were taken at each lake site at the surface, at 50 cm intervals and at the bottom. These
profiles were taken with two YSI handheld meters and associated probes. The YSI “ProODO”
measured dissolved oxygen (DO) in percent saturation and mg/l of oxygen as well as water
temperature. The YSI “Professional Plus”, a multiparameter probe, was used to measure pH and
ORP 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. In these
cases a secchi depth of zero was recorded as light penetration was significantly impeded by the
algae.
Video recordings were made by lowering a two-metre 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
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was also useful to examine suspended algae density, bottom plant life, bottom hardness and the
presence of detritus and bottom bacteria.
Water samples were taken at all four sampling sites. Each sample bottle was rinsed with surface
water and then submerged to a depth of approximately 10 cm below the surface for sample
collection. Bottles were capped and labeled for processing. All samples were analyzed for
nutrients at Diversified Scientific Solutions’ lab using a YSI “9500 photometer.” Nitrogen,
phosphorous and ammonia were tested by following strict procedures using reagents and timed
mixing intervals. These values were recorded for temporal comparisons.
5.0 Data Collection
5.1 Weather
Weather data was collected from the Swan Lake weather station located on the nature house
roof. The weather station is part of a school based weather station network
(http://www.victoriaweather.ca/station.php?id=134). These data are presented below and are
useful for considering the influence of climatic factors and their role in modifying lake processes.
5.1.1 Air Temperature

Figure 4. Air temperature from Swan Lake weather station.
5.1.2 Precipitation
Fortunately, this year the summer was punctuated with rain events that provided a cooling
effect to the water temperatures as well as providing opportunity for the surface water to
receive mechanical raindrop impact input for dissolved oxygen. There were rain events in both
August and September which, compared to the last few years, was unusual.
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Figure 5. Precipitation data from the Swan Lake weather station.

5.1.3 Wind Speed
Both wind speed and direction were generally of the same magnitude and directions as last
year’s data. These winds are a significant modifier of the water quality as they are responsible
for the driving forces that move the mobile surface algae.

Figure 6. Wind speed from Swan Lake weather station.

5.1.4 Wind Direction
Winds are somewhat bimodal switching between the most frequent winds blowing from the SW
to the less frequent NW direction. As much of the surface algae are mobile, winds play an
important role is redistributing the algal mats, detached milfoil and duckweed accumulations.
During calm wind conditions, duckweed and other plants tend to spread out over the surface of
the lake as was observed in August and September of 2018. As winds pick up, these algae are
driven by winds to the shoreline margins and boardwalk dynamically changing the light
penetration within the water column at the affected areas.
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Figure 7. Wind rose showing speed and direction from Swan Lake weather station.

5.1.5 Solar Insolation
As cyanobacteria and aquatic plants are dependent on solar input, the solar insolation—which is
a measure of solar energy (Figure 6)—was plotted for the entire monitoring program. The
general curve shows the slow increase of sunlight duration in April to its maximum on June 21,
2019 (longest day 16 hr 8 min 43 sec). This is followed by a tapering of daylight to a point on the
last day of the sampling program in October where the sunlight duration was only 11 hr 29 min
28 sec. The dips in the solar radiations are often associated with dips in dissolved oxygen
concentrations as will be discussed with the dissolved oxygen data.

Figure 8. Solar insolation from Swan Lake weather station.
5.1.6 Barometric Pressure
The barometric pressure is noted here as it is an important component for dissolved oxygen
concentrations. The YSI ODO probe uses the barometric pressure and water temperature to
calculate DO concentrations in mg/l or express DO concentrations as percent saturation.
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Figure 9. Barometric pressure from Swan Lake weather station.

5.2 Dissolved Oxygen
As has been observed in past seasons, the DO concentrations vary significantly throughout the
year. Dissolved oxygen is largely influenced by temperature, mechanical mixing, air/water
interface exchanges, nutrients and biological processes including photosynthetic oxygen
production and oxygen consumption through respiration. The values measured in the collected
profiles and data loggers are the result of complex interactions that involve various players that
change through the year. Just as terrestrial plants have a seasonal succession, so too do aquatic
plants or macrophytes, phytoplankton and zooplankton. This order, depending on the species, is
largely governed by specific predator–prey relationships, temperature, light, and nutrient
thresholds. These successions ripple through all parts of the food web and create feedback
relationships. Understanding lake processes is a comprehensive task and DO is certainly one of
the most important parameters that influence many of the organisms associated with the lake.

5.2.1 Dissolved Oxygen Profiles
The weekly DO profiles for each site were assembled into time series plots and are depicted in
Figure 10. Data from each month at each site were plotted as profiles to compare site and
temporal differences and then plotted again showing all monthly curves at each of the three
sites (Figure 11). Note that the DO curves in April are relatively high and near vertical. Gradients
develop over the summer months and then by mid-August DO levels again become near vertical
but tend towards hypoxia at the time of day for the weekly profiling. September shows a
recovery from these low levels as the surface waters again become more charged with oxygen.
It was in September that several rain events occurred which may have contributed to this
oxygen increase through raindrop impacts, oxygenated runoff and a cooling of the surface
waters.
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Figure 10. DO concentration time series plots for
Founders’ Wharf (top), boardwalk (middle) and farside dock (bottom).
The water column initially showed near unison DO levels at all depths. As time passed, DO
stratification began in mid-April with the greatest DO spread between surface and bottom
waters being in early May at the Founders’ Wharf and the boardwalk. From late May to early
September, the DO concentrations flat-lined at near zero at the bottom for both these sites. By
mid-September, all three sites saw a recovery of oxygen levels, likely due to the release of
nutrients from the bottom decomposers as they expired.
Note the dangerously low DO profiles experienced at all sites for August (Figure 11).
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Figure 11. DO concentration profiles by month and by site.
To place all of the DO profiles into spatial and temporal context, contour plots were generated
from the YSI profiles and are depicted in Figure 12.
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Figure 12. DO contours for Founders’ Wharf (A) and Boardwalk (B) sites.
Note that in both locations, oxygen concentrations were very high even to the bottom until
May. It was at this point that thermal stratification began to separate the surface water with the
cooler bottom water. In both cases, there was a slow decline in water quality as the anoxic layer
began to move towards the surface. It appears that hypoxia occurred at both locations in midAugust but no fish kill was observed. As fish are mobile, it is likely that adjacent waters had
enough oxygen to sustain life. During this period, unlike last year, there were two brief periods
of rain that may have provided just enough relief through cooling and oxygenation from the
surface rain and raindrop impact. The hypoxic conditions were not as pronounced at the
boardwalk as were observed at the Founders’ Wharf and the recovery was markedly quicker.
The bubbler lines may have contributed to this faster recovery as these rain events may have
added oxygen to the water column more rapidly through the convective circulation of the
bubblers.
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5.2.2 Dissolved Oxygen Loggers
Two Rinko optical dissolved oxygen loggers were deployed June 19, 2019 (Figure 13). These
were supplied by ASL Environmental Sciences. One was mounted to the Founders’ Wharf and
the second was mounted to the boardwalk at its midpoint. Both instruments were affixed to
metal brackets and placed with the probe side down. The optical sensors were carefully
positioned to a depth of 70 cm below surface. These loggers were set up to log dissolved oxygen
every 20 minutes with a burst sampling of 10 readings at every 20-minute interval. These 10
readings were averaged to produce a single reading for the 20-minute interval. These loggers
recorded time, temperature, dissolved oxygen in percent saturation and mg/l as well as battery
voltage.

Figure 13. Rinko DO loggers being prepared for deployment.
A time series plot was generated for both loggers and is displayed in Figure 14. Comparing the
two curves, the DO diurnal cycling were in phase; however, the amplitude ranges varied
significantly at times during the deployments. This is especially evident during the mid-July
period where DO levels are distinctly lower at the boardwalk location during the nighttime
respiration intervals. It was noted that the areas both to the east and west of the boardwalk
were often covered by surface algae to a much greater extent than the Founders’ Wharf area.
With more surface algae, light penetration would be reduced, resulting in a smaller diurnal
oxygen amplitude.

Swan Lake Water Quality April–October, 2019 Diversified Scientific Solutions 12

Figure 14. DO logger data for the June 19–August 4 deployment period. The different loggers
are indicated by a red curve (Founders’ Wharf) and blue curve (Boardwalk).

5.2.3 Comparison of YSI Handheld with DO Loggers
As profiles were collected at both these site with the YSI probes as well, logger and YSI probe
data were overlaid for comparison in Figure 15. Both the logger and YSI data for both sites lined
up very well leading to a greater confidence in the data sets.
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Figure 15. DO logger data with an overlay of YSI probe data at the same depth.

5.2.4 Dissolved Oxygen Regimes
The amplitude of the oscillations of the diurnal cycle indicates, to a large degree, the level of
biological activity within the water column (Khan and Ansari, 2005). At either extremes,
photosynthesis during the daylight hours is contributing to elevated oxygen concentrations and
darkness at the other extreme is seeing the consumption of oxygen through organism
respiration. In hypoxic events from previous years, the oxygen levels had been very low (< 2
mg/l) with a very small amplitude due to diminished biological activity. In Figures 16 and 17, the
shaded area plots the range of the DO daily minimum and the daily maximum at the 70 cm
depth of the two loggers. In this text, we refer to this range as the oxygen regime.

Figure 16. DO regime at Founders’ Wharf.
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Figure 17. DO regime at Boardwalk.
By differencing the daily DO maximum with the daily DO minimum, a single daily DO range was
calculated to look at the temporal changes in this range at each of the logger sites (Figure 18).
The highest range of biological activity occurred in the month of July with much of the rest of
the sampling period oscillating about 4 mg/l. Although DO values from the YSI probes showed
hypoxic levels in the ladder part of August, there were still periods within those 24-hour cycles
that produced higher oxygen levels.

Figure 18. DO daily range for Founders’ Wharf and Boardwalk.
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The average time of day when the DO reached its minimum was 9:31 am. The average time of
day when the DO reached its maximum was 3:53 pm. To further examine the DO diurnal cycling,
the daily DO ranges were plotted together with the solar insolation, water temperature and the
rainfall for the DO deployment period.
The curves of Figure 18 were overlaid onto the solar insolation and combined with plots of
logger water temperature and rainfall events (Figure 19). The influence of the solar insolation
can be seen beginning in July as the level of biological activity increases. The dip in solar
insolation in mid-August, coupled with a water temperature drop, resulted in a significant
deflection in the biological activity (DO Max-Min). Other smaller scale deflections are also
observed in response to solar input. These deflections, in time scales of hours, show how quickly
the biological community responds to solar variations and is strongly correlated with oxygen
concentrations.
The September rains, despite a reduction in solar input actually drive the DO Max-Min up on the
September 24. This rise may be more influenced by the oxygenated rain and mixing due to wave
action.

Figure 19. Comparison of DO Max-Min to solar insolation, water temperature and rainfall.

5.3 Water Temperature
The water temperature channel from the two DO loggers also shows a diurnal cycling as can be
seen in the middle panel of Figure 19. This cycling, as is the case for the DO cycling is largely
governed by solar inputs but is more directly a result of solar heat penetration as opposed to
the response of plants to solar input that cause a change in DO concentrations. Both DO logger
sets of data were plotted in Figure 20. Note that the oscillations and magnitudes are very similar
with only slight variations in the earlier part of the record.
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Figure 20. Water temperature plot taken from the temperature channel of the DO logger.
The DO and temperature curves were plotted in Figure 21. Note that when the temperature
went up in June and the first part of July and August, the DO concentrations went down. These
parts of the curve demonstrate a fundamental property that dissolved oxygen solubility
decreases as water temperature increases. In mid-July, however, the DO concentrations
increased despite the rise in temperature. It was noted that in July, the Aphanizomenon flosaquae (AFA) species was in the water column but not in the abundance that were observed in
the last three years of study. This species significantly contributes to photosynthetic oxygen
production and was likely a factor in DO increase. Other contributions likely came from the
macrophytes such as milfoil which had significant increases in abundance as noted from surface
observations and underwater video. In the first week of August, oxygen levels were quite low.
During this time the AFA species had disappeared from the water column and there was a
distinctive odor from the surface algae. It was noted August 14 that the water colour was quite
green. By mid-September, oxygen levels began to rise, partly due to increased DO solubility in
cooler waters.
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Figure 21. DO logger deployment record for water temperature (top) and DO (bottom) data.
Comparisons were made of the DO and temperature diurnal cycles by overlaying the two
parameters. This was done for both the Founders’ Wharf and Boardwalk sites (Figures 22 and
23).
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Figure 22. Comparison of DO and temperature at Founders’ Wharf.
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Figure 23. Comparison of DO and temperature at the Boardwalk.
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5.4 pH
The pH value uses a graduated scale ranging from 0.0 (highly acidic) to 14.0 (highly basic) with
7.0 being neutral. This scale is depicted in Figure 23. The pH scale is actually measured in
millivolts and then converted to dimensionless units with the interval between units of
approximately 59.16 mV at 25⁰C. The pH values below 7.0 are associated with the charge of the
hydrogen ion H+ (acids) and pH values above 7.0 are associated with the charge of the hydroxyl
ion OH-.

Figure 24. Graduated pH scale.
The pH is largely influenced by the photosynthetic processes at work in the lake. As noted by
Andersen et al. 2017, during daylight hours, photosynthesis produces oxygen accumulations
while depleting dissolved CO2 concentration. During darkness, these same organisms respire
resulting in the consumption of oxygen and the accumulation of CO2.
To discuss pH in an aquatic setting, it is important to draw attention to available dissolved CO 2
and the respiration of aquatic plants. The two equations that govern photosynthesis are
summarized as follows:

6CO2 + 6H2O -> C6H12O6 +6O2

(1) (Wetzel, 1983)

carbon dioxide + water -> glucose + oxygen

HCO3-+H2O -> CH2O +O2+OH-

(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) (Talling, 2010)
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Figure 25. Founders’ Wharf YSI pH probe data time series (top) and monthly profiles (bottom).

Figure 26. Boardwalk YSI pH probe data time series (top) and monthly profiles (bottom).
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Figure 27. Farside Dock YSI pH probe data time series (top) and monthly profiles (bottom).

5.5 Oxygen Reduction Potential
The pH probes only respond to the hydrogen activity (H+ and OH-) in solution. The oxygen
reduction potential (ORP) is much more comprehensive in that measured values are in response
to all oxidizing and reducing activity of ions in solution. The measure is, however, not specific in
terms of what chemicals are reacting. The ORP is the solution’s capacity for electron transfer
either through oxidation (donating electrons) or through reduction (accepting electrons). This
process is often referred to as REDOX reactions.
In settings where DO concentrations are high, the redox potential can be highly positive
reaching values above 300–500 mV in oligotrophic lake environments. In its eutrophic state,
ORP values at Swan Lake rarely get above 150 mV. As the thermocline sets up in mid-April, DO
values stratify creating a reducing environment in the deep waters near the bottom sediments.
In this anoxic zone, the redox potential tend to the negative (100 mV or less). Microbial action at
the water–sediment interface where oxygen consumption is high through bacterial
decomposition causes a drop in the redox potential to as low as −300 mV. At these low values,
reactions occur that reduce iron and cause phosphorous to be released back into solution
(Suthersan, 2001). This liberated phosphorous from the water–sediment interface provides a
recycling of nutrients and aid in the recovery of DO, especially after a hypoxic event (Reynolds
and Davies, 2001).
Time series plots are displayed in Figure 27.
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Figure 28. Oxygen Reduction Potential (ORP) for each lake site. Founders’ Wharf (top),
Boardwalk (middle) and Farside Dock (bottom).
The correlation between pH and ORP can be seen in Figure 28. Note that at higher pH where
oxygen is being produced through photosynthesis, the ORP is high. Also note that in lower pH
conditions, the ORP is lower.
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Figure 29. Relationship between pH and ORP.
5.6 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 associations and indicates
the presence of both visible and invisible organic and inorganic 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. Note in Figure 30 the secchi depths for each
lake site. Where the values on the curves are represented by “0”, these sites had 100% algal
coverage and a secchi depth could not be recorded.

Figure 30. Secchi depths for all lake sites.
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5.7 Nutrients
Water samples were taken at several sample sites around the lake. The inflow creek site was
considered of great importance as it 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. Other water sample sites included the Founders’ Wharf, the
farside dock and the mid-point of the boardwalk. Figures 31 and 32 present both nitrogen and
phosphate concentrations from all sample sites. Water samples were taken approximately 10
cm below the surface and nutrient analysis was done by using a prescribed set of procedures
using a YSI 9500 photometer and reagents.
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Figure 31. Water sample analysis showing phosphorous concentrations.
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Figure 32. Water sample analysis showing nitrogen concentrations.
Swan Lake has been referred to as an eutrophic lake but actually it presents as hyper-eutrophic.
The trophic state of lakes has been divided into several distinctive classes based on phosphorous
concentrations. These states are summarized in the table below.
Table 1. Lake trophic status based on phosphorous (Environment Canada, 2004).
Trophic Status
Ultra-oligotrophic
Oligotrophic
Mesotrophic
Meso-eutrophic
Eutrophic
Hyper-eutrophic

Total Phosphorous (mg/l)
<0.004
0.004-0.01
0.01-0.02
0.02-0.35
.035-0.100
>0.1
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The phosphorous levels were as high as 0.45 mg/l in the surface waters in late September at the
farside dock. The inflow creek showed two consecutive weeks of values near 0.4 mg/l. Almost all
phosphorous values were well above the hyper-eutrophic threshold.
Nitrogen concentrations were generally lower than the last three years of measurement as will
be seen in the inter-annual comparison section.
5.8 Spectrometer
Light penetration is vital to the production of photosynthetic plants and their byproduct oxygen.
This year, a spectrometer (Thunder Optics model R spectrometer–Figure 33) was used to
examine the spectra of light as a function of depth. This was somewhat experimental in order to
test its ability to detect light intensity and the constituent frequencies of that light.
Phytoplankton and macrophytes utilize specific frequencies of light (Vant and Davies‐Colley,
1984). As light travels through water, it diminishes its intensity and light wavelengths are
attenuated based on frequencies (Schanz, 1985). This is largely impacted by solar input, surface
algae and suspended solids. A secchi disk has been used to give a subjective measure of light
penetration and turbidity. By using a spectrometer, light penetration is better quantified and
expands the potential to understand dissolved oxygen production from the available light at
depth for photosynthesis.

Figure 33. Spectrometer.
Figures 34 and 35 show the output from the spectrometer. The curves indicate the depth at
which recordings were made (surface, 50, 70 and 100 cm). Each curve shows the light intensity
along with its constituent wavelengths. Note the diminished intensity with depth. A visual
representation of the light as it would appear was plotted for each depth. The DO was collected
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at the same time for each spectrometer record. These data were plotted together with light
intensity. With both trials, there is a clear correlation between light intensity and DO. This
demonstrates a useful tool in terms of the physical characteristics of light in the water column
but it still is only part of the equation in DO production. To further complement these
measurements, the biological elements that respond to light would need to be defined as
different organisms have different capabilities in utilizing sunlight. As there is a seasonal
succession of organisms, the same light penetration may create different oxygen output
throughout the seasons. Other physical properties can modify this such as temperature,
dissolved solids and sun angle. As this was the first time testing this equipment, it is clear that
this technique could provide insights into the very important parameter of light penetration and
would be a good method to add to the weekly sampling program.

Figure 34. Spectrometer taken September 18, 2019 (Founders’ Wharf)
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Figure 35. Spectrometer taken October 4, 2019 (Boardwalk).

6.0 Inter-annual Comparisons
Swan Lake is far from existing in a steady state as it undergoes significant seasonal changes
physically, biologically and chemically. These changes vary over many different time scales
including minute by minute, diurnally and monthly. With four years of data, inter-annual
comparisons can be made to examine year to year variability. These comparisons are useful for
detecting longer term trends and provide insights into how the system responds to different
climatic influences such as drought and changes in algal blooms.
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6.1 Dissolved Oxygen
The YSI DO data was plotted for the surface water at the three lake sites in Figure 36. All three
sites overlay very well at the beginning of the sampling period until May 15. The next month saw
a significant rise in DO concentrations at the farside dock where it was noted that there was a
surge in milfoil growth as observed from the surface and underwater video.

Figure 36. Surface DO for all three lake sites.
Figure 37 shows just the Founders’ Wharf DO curve. This curve is somewhat concerning as it
deviates from several years of previous data.
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Figure 37. DO for Founders’ Wharf.
Figure 38 overlays previous data taken at the same location. Note that there is a general decline
in oxygen levels from May to August in the 2019 record whereas previous years saw a midsummer rise. It was noted that the abundance of AFA, a major contributor to oxygen levels,
began its decline in May and was only occurring in trace amounts in mid-July. At the same time
last year, AFA were blooming throughout the water column.
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Figure 38. Inter-annual comparison of DO time series at Founders’ Wharf.
The DO logger deployed at the Founders’ Wharf in 2019 was compared with the DO logger
deployed at the same location and depth in 2018 (Figure 39). It was noted in last year’s report
that in mid-August, AFA were abundant, producing the large amplitude oscillations seen in the
first part of the blue curve. On August 23, 2018 there was complete coverage of the lake surface
by duckweed and it was noted from underwater video that all AFA had dropped out of the
system by August 25, 2018. The 2019 record has similar amplitudes to 2018 when the AFA was
absent.

Figure 39. DO logger comparisons from 2018 and 2019 deployments at the Founders’ Wharf.

6.2 pH
Just as oxygen levels where generally lower in 2019, so too were the pH levels (Figure 40). This
again can be explained by the absence of the AFA in the water column. As photosynthesis
utilizes dissolved CO2, the result is the driving up of pH due to the availability of the OH- ion. It is
well know that cyanobacteria such as AFA find high pHs most favorable (Vincent, 2009). Without
these favorable conditions, the AFA subsided. One possible reason for this decline was the
proliferation of the Eurasian water milfoil. It was noted that fibrous strands of algae attached to
the milfoil that trapped the free moving AFA. As AFA can optimize their position in the water
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column to utilize light for photosynthesis, this impedance may have lead to their demise. This
point is explained in more detail in the observation section.

Figure 40. Inter-annual comparison of pH time series at Founders’ Wharf.
6.3 Nutrients
Nutrients were plotted for the last four years to compare annual variations of these parameters.
Phosphorous, considered the limiting nutrient, was relatively flat for 2019 with the exception of
a low value in mid-September at the Founders’ Wharf (Figure 41). This suggests that plant
uptake of phosphorous was not as vigorous as previous years. These values hovered around the
0.2 mg/l of phosphorous. These values are an order of magnitude greater than those reported
at Elk Lake (Nordin, 2015). Nitrogen, on the other hand, appeared to be lower than in previous
years (Figure 42). It was noted last year, in the midst of a duckweed bloom in August, that the
nitrogen levels remained relatively high. Generally during blooms, nutrients are consumed at a
great rate. As duckweed is a surface plant capable of extracting atmospheric nitrogen, it appears
that aqueous nitrogen was not substantially used. This may explain why in 2016, 2017 and 2018,
the nitrogen levels remained relatively constant. In 2019, duckweed was completely gone from
the surface of the lake having been replaced by the floating water fern Azolla filiculoides.
Nitrogen levels during the late summer/early fall were some of the lowest nitrogen levels ever
recorded in the 2016–2019 monitoring years.
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Figure 41. Inter-annual comparison of phosphorous.
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Figure 42. Inter-annual comparison of nitrogen.
6.4 Water Temperatures
A plot was generated that displays surface and bottom temperatures for the last three years as
taken from the Founders’ Wharf (Figure 43). Generally this year’s data shows a surface
temperature that, for the most part, is lower than in previous years. The bottom temperatures
for this year were generally higher than in previous years. The comparative results show that the
thermal gradient this year was smaller in magnitude than in previous years.
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Figure 43. Surface and bottom temperatures for 2017, 2018 and 2019 (Founders’ Wharf).
6.5 Observations
In this year of data collection, several observations were made that were unique to this year’s
sampling. It was noted that the Eurasian water milfoil proliferated significantly as was observed
from the surface and underwater video. This macrophyte had large colonies that were attached
to the lake bed and extended up the full length of the water column. These colonies were
observed at all three lake sites. During the months of June and July, it was noted that a fibrous
algae attached to the milfoil creating a web-like structure surrounding the milfoil
(Figure 44). This appeared to have an impact on free-floating cyanobacteria such as the AFA. As
AFA regulate their vertical position in the water column by inflating and deflating vacuoles,
these fibrous webs entrapped AFA thereby impeded their movement and reducing their ability
to optimize their solar input (Walsby et al. 1997). Inset B of Figure 44 shows AFA lodged in this
web-like algae. This may have been a contributing factor to the decline of this species.
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Figure 44. Underwater view of milfoil with algal web June 12.
Insets (A) colony (B) AFA entrapment.
Figure 45 shows the contrast between AFA in the water column in July 2019 and 2018 at the
Founders’ Wharf. In 2018 the water column was blooming with this species and the oxygen
profile shows a significantly higher DO then 2019.

Figure 45. AFA abundance comparisons with DO profiles for 2018 and 2019.
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It’s worth noting that during several field visits, schools of sticklebacks, sunfish and large
numbers of bullfrog tadpoles were observed (Figure 46). In previous years, it was a rare
occurrence to capture these species with the underwater camera.

Figure 46. Underwater video captures of sunfish and bullfrog tadpoles.
This year, it was observed, particularly in July, that there were surface algae clusters with deep
bright purple tones. These were large jelly-like nodules (Figure 47). Below is a correspondence
from Rob Bowen to Kathleen Burton of Swan Lake dated July 19, 2019.
“Yes, I have noticed the bright coloured algae as well (see photo attached–not a great shot). I
have seen this in the past but not as abundant. I think they are largely the cyanobacteria Nostoc.
All the cyanobacteria contain chloryphyll a (green) and phycobiliproteins phycocyanin and
allophycocyanin (blue). Hence, blue green algae. Although cyanobacteria is a bacteria, they are
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commonly called blue-green algae because they, like algae, can utilize the sun through
photosynthesis to produce they own food. The bright colours are a result of the development of
pigments either from the green or blue cellular components. Other cyanobacteria can develop
red or black coloration. I'm not sure I understand the mechanism that drive the intensity of the
colour. It could be a decay process. I would need to read up on this.”

Figure 47. Unusual surface algae, possibly Nostoc.
By far the most unusual feature to this year’s data collection was the mysterious appearance of
the species Azolla filiculoides (Figure 48). It was first observed at the farside dock in mid-August
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and by August 28, it was well established in that area and began spreading down the south
shore of the lake. The identification of this plant was confirmed by Dr. Ken Marr, botany curator
at the Royal BC Museum. As the Azolla filiculoides is a floating algae, it is highly mobile and
distribution of this plant was inevitable due to winds. On a site visit November 17, 2019, it was
noted that the Azolla filiculoides were still in large numbers and that a strong wind from the
southwest was actively re-distributing this plant, moving it from the west bay out into the main
part of the lake and driving it to the eastern shores.

Figure 48. Azolla filiculoides (water fern).
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This plant is capable of doubling its biomass every 2.2–4.4 days (Kitoh et al., 1993). The dense
cover can completely block sunlight, eliminating submerged macrophytes which leads to rapid
declines in DO. The maximum germination of this plant occurs at 20⁰C and it is considered the
most freeze-tolerant of all the Azolla species, withstanding temperatures down to -5⁰C (Janes,
1998). The plant colour is influenced by sun exposure. New plants are green but turn red with
bright sun. All of the Azolla genus are capable of assimilating atmospheric nitrogen. In fact, their
rate of fixation is more than double that of legumes (Muradov et al., 2014). Species in the Azolla
genus have been used in wastewater remediation to extract heavy metals (Jain et al., 1989),
green manure for crops and mosquito control (Ansari and Sharma, 1991) . They have been used
in fuel-contaminated environments to encourage the breakdown of persistent hydrocarbons
(Cohen et al., 2002) and have proved useful for sequestering CO2 with rates up to 32.5 tonnes of
CO2/ha/yr.(Bujak, 2012). Despite its many benefits, to an aquatic system like Swan Lake, the
negative impacts of Azolla filiculoides far outweigh any positive attributes. Depending on how
this species presents next year, removal of this species may be beneficial to the water quality at
Swan Lake. Methods such as surface skimmers and the potential to use the extracted plant as a
nitrogen-rich compost to produce a source of income were briefly discussed. A sketch of an
extraction system is provided in Appendix 2.
7.0 Conclusions
This is the fourth consecutive year of a consistent sampling program measuring some of the
major water quality indicators. Each year, the lake has distinct patterns that are triggered by
temperature, sunlight, nutrients and biological processes. With variations in weather patterns,
lake responses differ from year to year with the succession of the biological constituents
constantly adjusting and competing to optimize their unique position in the ecosystem. The
value of a consistent monitoring program are numerous including
 Understanding of past, present and future water quality issues
 Active detection of lake health
 A method to document abnormalities
 Real data useful for education purposes
 Providing of data for mitigation strategies.
During the sampling site visits, numerous visitors asked a wide range of questions pertaining to
the lake. This provided opportunities to describe lake processes and the instruments that are
used to collect data. Generally, these were very satisfying exchanges with people of all ages. On
numerous occasions people commented that they were glad that this work is being done.
Inter-annual comparisons showed a marked decline in the dissolved oxygen levels at the lake
this year. Some major changes occurred in the lake this year which are somewhat troubling.
Surface and underwater observations showed a proliferation of milfoil and a dramatic decline in
the AFA species. The Azolla filiculoides species, which had not been observed in the lake for
several years, appeared in mid-August, virtually replacing the dominance of duckweed. It is
uncertain whether these changes are now the new normal, or if these were related to
abnormalities in the climate. It certainly will be interesting to see next year if the Azolla
filiculoides will return or go dormant as it had for many years.
New this year was the testing of a spectrometer. This instrument was used to quantify light
penetration in terms of light intensity and wavelength frequency. This produced interesting
results that were compared with DO profiles acquired at the same depth and time. Two DO
loggers were deployed from mid-June to the beginning of October. These provided dense
temporal data and were useful to examine the DO diurnal cycle. These loggers provided an
Swan Lake Water Quality April–October, 2019 Diversified Scientific Solutions 36

excellent dataset for examining the influence of solar input, biological productivity and other
climatic variables. As this report is essentially a data summary, the collection of data can be used
to further examine such issues as
 the effect of rain on the system,
 the solar variations such as bright sun versus cloudy days,
 the impact of wind and its direction, and
 the influence of water temperature.
Another cause for concern at the lake is the large number of bullfrog tadpoles. This species
takes two years to emerge as frogs so next year it is expected that they will appear in great
numbers. Bullfrogs lead to a reduced biodiversity due to their voracious appetite and dominance
over native species.
8.0 Recommendations
The following recommendations are listed to improve the sampling program.
(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)
(9)
(10)

Field harden the spectrometer so that it can be used in all weather conditions.
Do a bathymetric survey of the lake to create an updated contour map.
Expand the water sample collections by adding a mid-water and near bottom sample (at
present only surface samples are taken).
Expand the microscope studies to document the biological constituents and their
seasonal successions.
Add the ability to measure CO2 concentrations, a key compound for plant
photosynthesis and a method for determining whether Swan Lake is a source or sink for
carbon.
Consider a method to remove surface algae such as the Azolla filiculoides and duckweed
using a skimmer or capture boom.
Expand funding to include a budget for equipment maintenance, replacement and
reagent consumables ($1500).
Expand sampling period into October to observe the fall overturn where surface waters
cool and become more dense resulting in the mixing of the bottom anoxic layer.
Sample bottom sediments to examine bottom decomposers.
Create educational posters on lake processes to be displayed in the nature house.
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9.0 Appendices
Appendix 1. Swan Lake water quality article in the Environmental Science & Engineering
Magazine October 2019 edition
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Eutrophic Lake Monitoring of Dissolved Oxygen and
Algal Blooms in Swan Lake, Victoria, BC

Figure 1. Algal bloom in Swan Lake.
Urban freshwater environments are increasingly experiencing human-induced influences that all
too often create imbalances in the natural lake processes. A common example of this is the
enrichment of nutrients from ground water movement and potent fertilizer runoff. The impacts
of these enrichments often lead to the onset of harmful algal blooms and widespread
fluctuations in dissolved oxygen (DO) levels.
To better understand the interplay between nutrients, algae growth and DO, Robert Bowen of
Diversified Scientific Solutions has been conducting surveys to measure the seasonal variability
of dissolved oxygen, pH, oxidation-reduction potential, temperature, nitrogen and phosphorous
at Swan Lake in Victoria, BC, Canada (Figure 1). The sampling program began in 2016 and has
consisted of weekly water column profiling using YSI handheld probes and water sample
collections from several sites on the lake starting each May and continuing on until the end of
September.
As Swan Lake is a shallow warm lake, strong DO gradients set up mid-summer where DO levels
are super-saturated at the surface, largely due to the photosynthetic production of oxygen
through the cyanobacteria Aphanizomenon flos-aquae along with other species. The DO levels
rapidly decline with depth to anoxic conditions only a few meters below the surface. As summer
progresses, this anoxic zone begins to migrate towards the surface. It is in this period that
blooms of various algae become extensive, creating significant volumes of biomass. This
biomass is supported by the enriched phosphorous levels but these levels soon begin to decline
leading to a mass die-off of algae. With this die-off, oxygen levels collapse as turbidity increases,
photosynthesis decreases and bacterial decomposing consume the remaining depleting DO. In
data collected in 2018, it can be seen that the lake experienced three hypoxic events (< 2 mg/l)
in the late summer and early fall periods (Figure 2). A small fish kill was observed in 2018 with
an even larger fish kill in 2017.
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Figure 2. Water column dissolved oxygen and phosphorous levels showing three hypoxic events.
In order to increase the understanding of the oxygen fluctuations just prior to and during the
hypoxic events , a Rinko DO logger obtained from ASL Environmental Sciences’ lease pool was
installed to compare with the weekly YSI DO probe. The logger was set to sample every 10
minutes. Fluctuations as high as 16 mg/l over a 17 hour interval were observed just before onset
with a general dampening of the oscillations during hypoxia (Figure 3). Clearly the Rinko DO
logger captures the diurnal cycling of photosynthesis (daylight oxygen production) and
respiration (night respiration).

Figure 3. Comparison of YSI spot measurements to Rinko DO logger.
As Swan Lake has exhibited a general pattern of hypoxic events in the late summer, a modest
intervention was installed last September to help mitigate this troubling trend. Two 15 m
lengths of Aquatech O2B2 linear aeration bubbler lines were placed on the bottom at a depth of
about three meters. The aeration tubing consists of a double row of fine bubbles that gently rise
through the water column to promote mixing and the reduction of thermal and DO
stratification. As Swan Lake is approximately nine hectares in size, these lines would provide
refuge areas in times of depleted DO. To examine the impact of these bubblers, two ASL RINKO
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DO loggers were installed this year (2019), one adjacent to the bubblers and another outside of
the influence of the bubblers. These loggers will be recovered in October.
Another tool that was used in 2018 to give insight into the abundance and distribution of algae
and fish in the water column was ASL’s Acoustic Zooplankton Fish Profiler (AZFP). This
instrument, in this specific configuration, had three acoustic frequency transducers (200, 769
and 1250 kHz) that continuously monitored backscatter in the water column. This was
particularly useful as the transducers were able to detect the Aphanizomenon flos-aquae
species. The backscatter data showed the diurnal vertical migration of this cyanobacteria and
showed the decline of this species coinciding with the collapse of oxygen.

Figure 4. Robert Bowen at Swan Lake in preparation for deploying ASL’s
Acoustic Zooplankton Fish Profiler (photo credit Matt Stone).
Annual reports have been generated from this monitoring program and inter-annual time series
comparisons provide the data to guide discussions for potential mitigation strategies such as the
bubbler lines introduced in September of 2018. Swan Lake water quality monitoring and the
annual reports generated were for Swan Lake Christmas Hill Nature Sanctuary and were funded
by the Royal Bank of Canada (RBC). Swan Lake Christmas Hill Nature Sanctuary is a non-profit
society that offers educational programs for all ages promoting understanding and protection of
the natural environments.
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Appendix 2. Sketch of Azolla filiculoides collection system
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