
 
 

Swan Lake Water Quality Monitoring  

MayςOctober 2020 

 

 

Submitted to Cara Gibson and Jay Rastogi 

By Robert Bowen 

Diversified Scientific Solutions 

November 2020 

 
www.dssolutions.bc.ca

https://www.dssolutions.bc.ca/


Swan Lake Water Quality Monitoring MayςOctober 2020, Diversified Scientific Solutions  i 
 

 

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 fifth 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 two lake sites and the inflow creek starting in 

May and ending in October 2020. Two dissolved oxygen loggers as well as two solar lux loggers were 

deployed at 50 and 100 cm depths to provide high temporal resolution samples every 20 minutes from 

mid-July to early October. The relationship between the strong diurnal cycle of dissolved oxygen and light 

penetration were examined with some interpretations offered as to the patterns and anomalies of these 

datasets. This year, water sampling was increased to include not only surface water samples but also 

samples at the one- and two-meter depths. These data give insights as to the distribution and magnitude 

of essential nutrients that govern the biological systems of the lake. Multi-year plots are presented that 

compare interannual variability. These plots give a means to contrast year-to-year differences. Finally, 

recommendations are offered for future studies that would lead to a more comprehensive understanding 

of the dynamic processes at work at Swan Lake.  
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1.0 Introduction 
 

This is the fifth 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 physical, chemical and biological systems that govern the seasonal changes at Swan Lake. 

Lƴ ǘƘƛǎ ȅŜŀǊΩǎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ ǿŜ ǎŀǿ ŀ ǎƛƎƴƛŦƛŎŀƴǘ change in the dominant algal bloom patterns. Last year, 

there was an algal bloom of the Azolla filiculoides species that covered the entire lake. This species had 

been dormant at Swan Lake for many years. Although this species can biologically double in 2.5 days, its 

presence was modest at best and was completely absent by July.  The succession of species that are 

specially adapted to specific conditions is a complex relationship between environmental, chemical and 

biological factors.  Why one species appears, and another disappears requires a broad understanding of 

these factors and it is through the measurement and observations of lake processes that such 

relationships are discovered. As one organism vacates, this creates an opportunity for another to take its 

place. Observed this year was the increase of the species Anabaena, a cyanobacteria that can fix nitrogen 

directly from the atmosphere.  

New this year was the deployment of two dissolved oxygen loggers along with two solar lux loggers. These 

loggers were positioned in the water column at 50 and 100 cm depths at the FoundersΩ ²ƘŀǊŦΦ 9ŀŎƘ ƭƻƎƎŜǊ 

was synchronized and sampled at an interval of 20 minutes over the months of July, August and 

September. This combination of loggers provided high temporal resolution of the strong DO diurnal 

cycling along with a measurement of light penetration. 

As this monitoring program is a continuation from previous years, the initial sections of this reportτthose 

that define a brief history, the physical description of the lake and its watershed, the study site selection 

and the water quality monitoring methodologyτwill be repeated as they appeared in previous yearsΩ 

reports 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 
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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 in algae. 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, May to the end of September 2017, April until the beginning of 

October 2018, April to the beginning of October 2019 and, most recently, May to the end of October 2020. 

Such lake studies are getting press due to a growing concern about harmful algal blooms. In fact, an article 

on Swan Lake water quality was published in the magazine Ocean News and Technology October 2020 

edition (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 2020 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, 2019 and 2020 sampling seasons.   

2.0 Swan Lake Watershed 
 

The general details about the location and attributes of Swan Lake are listed below. 

{ǿŀƴ [ŀƪŜ ƭƻŎŀǘƛƻƴΥ пу нтΩптΦсфέb   мно ннΩ нмΦтфέ² 

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) 
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Figure 1. Swan Lake watershed boundary (source: CRD watershed maps).  
 

 

 

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, two lake sites and the inflow creek were selected. 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. 
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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 

ƭŀƪŜ ƭƻŎŀǘŜŘ ŀǘ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦΦ ¢Ƙƛǎ ǎƛǘŜ ǿŀǎ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ƳƛŘ-point between the inflow and outflow 

creeks and one of the deepest sites sampled on the lake. It had easy access 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 is where dissolved oxygen and solar lux 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 represented a site that was 

away from the influence of the shore margins and was approximately 100 m from the outflow creek. 

Unfortunately, the dock that was located on the south east side of the lake had been removed. This had 

been a key sampling site in years past. 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, phosphates, nitrogen and nitrates was done in the 

5ƛǾŜǊǎƛŦƛŜŘ {ŎƛŜƴǘƛŦƛŎ {ƻƭǳǘƛƻƴǎΩ ƭŀōƻǊŀǘƻǊȅ using a prescribed set of procedures using reagents and a YSI 

9500 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 άProODOέ ƳŜŀǎǳǊŜŘ ŘƛǎǎƻƭǾŜŘ 

ƻȄȅƎŜƴ ό5hύ ƛƴ ǇŜǊŎŜƴǘ ǎŀǘǳǊŀǘƛƻƴ ŀƴŘ ƳƎκƭ ƻŦ ƻȄȅƎŜƴ ŀǎ ǿŜƭƭ ŀǎ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ ¸{L άtǊƻŦŜǎǎƛƻƴal 

tƭǳǎέ, 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 
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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 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 three sampling sites. At the lake sites, a Van Dorn bottle was used for 

collections at water depths of 10 cm, 1 m and 2 m depths. Sample bottles were capped and labeled for 

processing. All samples were analyzed for nutrients ŀǘ 5ƛǾŜǊǎƛŦƛŜŘ {ŎƛŜƴǘƛŦƛŎ {ƻƭǳǘƛƻƴǎΩ ƭŀō ǳǎƛƴƎ ŀ ¸{L фрлл 

photometer. Nitrogen, nitrates, phosphorous and phosphates 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 were 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 as plots and are 

referred to in the text as discussion points that consider the influence of climatic factors and their role in 

modifying lake processes.  

  

http://www.victoriaweather.ca/station.php?id=134
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5.1.1 Air Temperature 

Air temperatures (Figure 4) influence water temperature through surface contact and through the 

agitation of wind and waves. It is also the interface where oxygen exchange between the atmosphere and 

the lake can occur. Warming in the spring increases the metabolic rates of aquatic species and the reverse 

occurs as temperature decline in the fall. 

 

Figure 4. Air temperature. 
 

5.1.2 Precipitation 

Rainfall (Figure 5) events can rapidly change the surface water temperature and introduce oxygen 

through rain drop impacts.  

 

Figure 5. Rainfall. 
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5.1.3 Wind Speed 

Both wind speed and direction were generally of the same magnitude and directions as ƭŀǎǘ ȅŜŀǊΩǎ Řŀǘŀ 

(Figure 6). 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. 
 

Winds are somewhat bimodal switching between the most frequent winds blowing from the SW to the 

less frequent NW direction (Figure 7). As much of the surface algae are mobile, winds play an important 

role in redistributing the algal mats, detached milfoil and duckweed accumulations. During calm wind 

conditions, duckweed and other plants such as the Azolla filiculoides  tend to spread out over the surface 

of the lake as was observed in August and September of both of 2018 and 2019. 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.  

 

Figure 7. Wind direction. 



Swan Lake Water Quality Monitoring MayςOctober 2020, Diversified Scientific Solutions  8 
 

5.1.4 Solar Insolation 

As cyanobacteria and aquatic plants are dependent on solar input, the solar insolationτwhich is a 

measure of solar energyτwas plotted in Figure 8. The general curve shows the slow increase of sunlight 

duration in April to its maximum on June 20, 2020 (longest day 16 hr 6 min 44 sec). This is followed by a 

tapering of daylight to a point on the last day of the sampling program of October 27 where the sunlight 

duration was only 10 hr 08 min 32 sec. The dips in the solar radiation are often associated with dips in 

dissolved oxygen concentrations as will be discussed with the dissolved oxygen data.  

 

Figure 8. Solar insolation. 

5.1.5 Barometric Pressure 

The barometric pressure (Figure 9) 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. 

 

Figure 9. Barometric pressure. 

5.1.6 Wildfire Smoke 

Smoke has become an important modifier of water quality as the occurence of wildfires has been a yearly 

event. The amount of smoke significantly impedes sunlight which in turn affects such water quality 
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parameters as dissolved oxygen and water temperature within the water column. This year there were 

several fires south of the border in Washington, Oregon and California. Smoke from these fires spread 

north resulting in a reduction in air quality in mid-September (Figure 10). 

 

Figure 10. Smoke particulates. 
 

5.2 Aquatic Parameters 

Data collected from the various field instruments are presented in this section including the YSI optical 

DO/temperature probe, the pH/ORP probe and the secchi disk. Plots are included with brief discussions 

of interesting features. Water samples collected for nutrient analysis  will be discussed in a separate 

section. 

5.2.1 Dissolved Oxygen Profiles 

As has been observed in past seasons, the DO concentrations vary significantly throughout the year. 

Dissolved oxygen is largely influenced by temperature, solar input, 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 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 predatorςprey 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.   

Figure 11 shows month-to-month seasonal variations of DO with respect to water depth. Moving from 

late spring to summer, note the steepening of the gradient where surface water becomes oxygen rich 
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while bottom water becomes anoxic below the thermocline. This concentration contrast is most evident 

in the August profile which typically occurs during a period of upper water column algal blooms. As has 

been observed in the past five years, September poses the greatest risk for hypoxic events as surface 

water DO concentrations diminish with the tapering of daylight hours and the die-off of significant algal 

biomass. 

 

 

Figure 11. Monthly dissolved oxygen (DO) profiles. 
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¢ƛƳŜ ǎŜǊƛŜǎ ŦƻǊ ōƻǘƘ ǘƘŜ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ ǿŜǊŜ ǇƭƻǘǘŜŘ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǿŜŜƪƭȅ ǎƛǘŜ Ǿƛǎƛǘǎ 

(Figure 12). These plots show the dynamics of the water column variations with some key features worth 

noting. The bottom water rarely goes above 2 mg/l, the minimum tolerance for fish respiration. This 

anoxic layer migrates upwards during the July to September months whereas water above 200 cm sees a 

sharp rise during the warm months of July and August, periods where algal blooms occur with increased 

oxygen production through photosynthetic processes.  In the first week of August, both sites saw a rapid 

ŘŜŎƭƛƴŜ ƛƴ 5h ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ р ƳƎκƭ ŀƴŘ мм ƳƎκƭ ŦƻǊ ǘƘŜ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ 

respectively. Notes from the August 6th site visit describe a pungent odor in the air near the lake with 

several fish and tadpoles gulping for air in the west bay adjacent to the boardwalk site. It was also noted 

that there had been a heavy rain for much of the previous day with reduced solar insolation and a two 

degree drop in the surface water temperature, both factors that impact algal metobolic processes. 

Another key feature to these DO time series plots is the collapse of oxygen in mid-September most notable 

at the FounderǎΩ ²ƘŀǊŦΦ DO values at this time reached near hypoxic conditions ŀǘ ǘƘŜ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ 

that persisted for about a week as measured by the YSI DO probe.  

 

Figure 12. Dissolved oxygen time series plots ŦƻǊ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ ǎƛǘŜǎΦ 
 

Another way to display this data was to create a set of block diagrams that contour the DO concentrations 

with X as time, Y as depth and DO as Z. These block diagrams are depicted in Figure 13. A quick visual 

comparison between these two sites show some common water column similarities as well as some site 

specific unique attributes such as the thin complete water column hypoxic event at the boardwalk in early 

!ǳƎǳǎǘ ŀƴŘ ǘƘŜ ŘŜǘŀŎƘŜŘ ƘȅǇƻȄƛŎ ŜǾŜƴǘ ƛƴ ǘƘŜ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŀǘ ǘƘŜ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ƛƴ ƳƛŘ-September. 
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Figure 13. Dissolved oxygen ŎƻƴǘƻǳǊ ōƭƻŎƪ ŘƛŀƎǊŀƳǎ ƻŦ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ōƻŀǊŘǿŀƭƪ ǎƛǘŜǎΦ 
 

It is important to bring into this discussion the sampling interval of this data set and the diurnal nature of 

DO in a eutrophic system. The solar radiation that stimulates the photosynthetic processes changes 

significantly from the darkness of night to the bright rays of mid-day. To further examine the details of 

this diurnal cycle and the perturbations in the DO time series, two DO loggers and two solar lux loggers 

were used to measure the relationships between DO concentrations and light penetration with a 

continuous sampling interval of 20 minutes. These data will be examined in more detail in the data logger 

section that follows.  

 

5.2.2 Water Temperature Profiles  

Water temperature profiles were assembled into a set of time series plots similar to the DO time series 

plots (Figure 14). During the sampling season, a maximum water temperature of 25.6 ºC occurred on  

July 22 at the surface at the boardwalk sample site. On this same day, the highest difference between the 
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surface and bottom water was 8.4ºC (25.6ºC surface 17.2ºC bottom). The lowest water temperature of 

9.5ºC was recorded on the last day of sampling and it is in this latter part of October that the water 

temperature throughout the water column was near uniform.  

 

Figure 14. ²ŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǘƛƳŜ ǎŜǊƛŜǎ Ǉƭƻǘǎ ŦƻǊ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ ǎƛǘŜǎΦ 
 

5.2.3 pH 

The pH value uses a graduated scale ranging from 0.0 (highly acidic) to 14.0 (highly basic) with 7.0 being 

neutral (Figure 15). This scale is depicted in Figure 23.  The pH scale is actually measured in millivolts and 

then ŎƻƴǾŜǊǘŜŘ ǘƻ ŘƛƳŜƴǎƛƻƴƭŜǎǎ ǳƴƛǘǎ ǿƛǘƘ ǘƘŜ ƛƴǘŜǊǾŀƭ ōŜǘǿŜŜƴ ǳƴƛǘǎ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рфΦмс Ƴ± ŀǘ нрх/Φ 

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 15. Graduated pH scale. 
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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 CO2 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 ᵶ H2CO3   (3) (Talling, 2010). 

The pH time series plots are displayed in Figure 16. 

Note the August 6th dip in the pH at the boardwalk site coincides with the dip in the DO data collected at 

this same site on this day. With the reduction in DO production through photosynthesis, fewer OH- ions 

are produced thereby dropping the pH values. 

 

Figure 16. pH time ǎŜǊƛŜǎ Ǉƭƻǘǎ ŦƻǊ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ ǎƛǘŜǎΦ 
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5.2.4 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 

ǊŜŀŎǘƛƴƎΦ ¢ƘŜ hwt ƛǎ ǘƘŜ ǎƻƭǳǘƛƻƴΩǎ ŎŀǇŀŎƛǘȅ ŦƻǊ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎŦŜǊ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ƻȄƛŘŀǘƛƻƴ όŘƻƴŀǘƛƴƎ 

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 300ς500 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 waterςsediment interface where oxygen 

consumption is high through bacterial decomposition causes a drop in the redox potential to as low as 

ҍолл 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 waterςsediment 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 17.  

 

Figure 17. hȄȅƎŜƴ ǊŜŘǳŎǘƛƻƴ ǇƻǘŜƴǘƛŀƭ όhwtύ ǘƛƳŜ ǎŜǊƛŜǎ Ǉƭƻǘǎ ŦƻǊ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ  
and the boardwalk sites. 
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5.2.5 Turbidity  

The turbidity of the water was measured each site visit 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. Figure 18 shows the secchi depths for the two lake sites. Unlike 

previous years, there were no situations where there was a 100% coverage of algae.  

  

Figure 18. {ŜŎŎƘƛ ŘŜǇǘƘ ǘƛƳŜ ǎŜǊƛŜǎ Ǉƭƻǘǎ ŦƻǊ CƻǳƴŘŜǊǎΩ ²ƘŀǊŦ ŀƴŘ ǘƘŜ ōƻŀǊŘǿŀƭƪ ǎƛǘŜǎΦ 
 

5.2.6 Water Colour 

Figure 19 displays video captures of the colour of near surface (~20 cm below surface) water over the 

sampling season. These images show a shift in hues and suspended solids whether they be organic or 

inorganic particles. Water parameters are burned into each image for reference. Of note is the increase 

of the greenish hue on July 13th and 22nd. This is a period where the DO concentrations move to their 

highest seasonal extremes.  These hues are associated with chlorophyll-a which is a photosynthetic 

pigment essential for photosynthesis of cyanobacteria such as the abundant species Anabaena and 

Aphenazomina Flos Aqua. 
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Figure 19. Water colour captures at 20 cm depths over the sampling season. 
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5.3 Data Loggers 

In order to examine the finer details of the diurnal cycles of DO and light penetration, two types of data 

loggers were used that sampled in phase every 20 minutes. Figure 20 shows the Rinko DO logger and the 

Hobo lux loggers. Moorings were designed to place the DO and lux loggers in the water column at depths 

of 50 cm and 100 cm. The DO logger were deployed July 13 at 12:50 pm and the lux loggers were deployed 

twelve days later on July 25 at 10:29 am. 

 

Figure 20. Dissolved oxygen logger (left) and lux loggers (right). 
 

5.3.1 Water Temperature Time Series 

Along with measuring DO and lux, water temperatures at these two different depths were measured and 

are plotted in Figure 21. These curves show the influence of the thermal heating of the water column 

during the daylight hours. The amplitude of these diurnal cycles is generally dampened with depth. 
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Figure 21. Water temperature time series for 50 and 100 cm depths. 
 

A block diagram was created showing the dynamic thermal cycling by taking the air surface temperature 

taken from the Swan Lake weather station and the water temperatures as measured at the 50 cm and 

100 cm instrument depths (Figure 22). Night cooling can be seen as the green and blue lobes that extend 

down into the water column followed by the solar radiation reds and oranges as light penetrates into the 

water column.  
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Figure 22. Water temperature contour block diagram. 
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5.3.2 DO Time Series 

As with water temperature, the amplitude of the 50 cm depth DO measurements significantly exceed 

those of the deeper 100 cm measurements generally as seen in Figure 23. This is to be expected as the 

DO is largely influenced by temperature which impacts metobolic rates and available light, a required 

energy input that fuels photosynthesis. Note the very high extreme values of DO at the 50 cm depth that 

are greater than 30 mg/l. Generally the 50 and 100 cm curves are well coupled but on a number of 

occasions, the DO values at the 50 cm depth diverge significantly from the deeper instrument. A possible 

explanation for this is the formation of a dense algal bloom in the surface 50 cm that produces high levels 

of DO while reducing the light penetration at the deeper depth due to the suspended particle scatters.   

 

 

Figure 23. Dissolved oxygen logger time series for 50 and 100 cm depths. 
 

Figure 24 displays a block diagram based on the 50 and 100 cm DO measurements. This visualization 

shows periods of high oxygen production such as the last week of July as well as periods of low oxygen 

production such as August 20th  to the 24th.  
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Figure 24. Dissolved oxygen contour block diagram. 
 

To examine the magnitude of the difference between the two depths, the 100 cm depth DO values were 

subtracted from the 50 cm depth DO values. This comparison is depicted in Figure 25. Generally the DO 

values at the shallower depth exceed those measured at the deeper depth. This is typically true during 

the periods where sunlight is penetrating the water column. During the night, when respiration occurs, 

the differences diminish. During these periods, there are several examples where the comparison goes 

negative. A possible explanation for these negative values could be related to a higher volume of 

organisms in the upper water column and their relatively high respiration rate compared to the deeper 

depth. 
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Figure 25. Dissolved oxygen differences between 50 and 100 cm depths. 
 

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 extreme, 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 (less than 2 mg/l) with a very small amplitude due to diminished 

biological activity.  A small program was written to extract the daily minimum and maximum DO values 

and the average time of day that these two values occur. In Figure 26, the shaded area plots the range of 

the DO daily minimum and the daily maximum at the 50 and 100 cm depths of the two loggers. In this 

text, we refer to this range as the oxygen regime.  

The maximum average daily DO levels occur at 4:23:44 pm at the 50 cm depth and 4:07:30 pm at the 100 

cm depth. Minimum average daily DO levels occur at 10:22:19 am at the 50 cm depth and 1:08:39 pm at 

the 100 cm depth. These values are interesting with respect to solar inputs. The time of day for the 

maximums are past the daily solar peak by a number of hours. Also of note is the daily minimums occur a 

number of hours after the sun has begun to project light into the water column. The switching from the 

dominating mode of oxygen production through photosynthesis to the dominating mode of oxygen 

consumption through respiration appears to have a lag response to solar input.  
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Figure 26. Dissolved oxygen regimes for the 50 and 100 cm depths. 
 

5.3.3 Lux Time Series 

Light plays an important role in the thermal and biological metabolic processes at Swan Lake. Light from 

the sun reaches the lake surface directly and through atmospheric diffusion. As light projects into the lake, 

it quickly attenuates with depth as it gets absorbed and scattered by particles such as algae and suspended 

solids. The deeper the light penetration, the deeper the potential for photosynthetic processes. The Hobo 

lux loggers measure lux in units of Lumens/m2. Solar insolation as measured by the Swan Lake weather 

station is measured in watts/m2. To convert the lux values into solar insolation values, a multiplier of 0.079 

was applied to the lux values. Figure 27 shows the solar insolation at the surface along with the values 

measured at depth from the lux loggers. 
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Figure 27. Solar insolation from weather station and the 50 and 100 cm lux loggers. 
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A block diagram was created to illustrate light penetration into the water column based on the weather 

station solar insolation and the light levels measured at the 50 and 100 cm lux logger depths (Figure 28). 

 








































