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Executive Summary

Swan Lake isrdne-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 investitake 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 thedlaionships

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 tempogaolution 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 oneand two-meter depths. These data give insights as to the distribution and magnitude

of essential nutrients that govern the biological systeof the lake. Multiyear plots are presented that
compare interannual variability. These plots give a means to contrasttgeagar differences. Finally,
recommendations are offered for future studies that would lead to a more comprehensive undergandin

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

This is thdifth year of monitoring Swan LaKellowing the steps and methods from the previous years.
With the collection of water samples and water column profiles, yteayear comparisons are providing
insights into thephysical, chemical artalological systems that govern the seasonal chang&swain Lake
Ly GKAA &SIFNRa RIF{l chargé istheiddnengnt algal Slooén pafterrs. Lastyeay, A T A O
there was an algal bloom of th&zolla filiculoidespecieshat covered the entire lake. This speched
been dormant at Swan Lakerfmany years. Although this species can biologically double id&3/$its
presence was modest at best and was completely absent by Juig. succession alpeciesthat are
specially adapted to specific conditioizsa complex relationship between erstirmental chemical and
biological factors.Why one speeisappears,and another disappears requireshroad understanding of
these factorsand it is through the measurement and observations of lake processes sihet
relationships are discovereds one organism vacatghis creates an opportunity for another to take its
place.Observed this year was the increase of the spegiggbaenaacyanobacteria that can fix nitrogen
directly fom the atmosphere.

New this year was the deploymenttwio dissolved oxygen loggeatong with two solar lux loggers. These
loggerswere positioned in the water columat 50 and 100 cm dep#tat the Founder® 2 K| NF & 9 OK f
was synchronized andampled at an interval of 20 minutesver 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 lighangetration.

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

that define a brief history, the physical description of the lake and its watershed, the study site selection
and the water quality momdring methodology will be repeated as they appeared previousyearsQ
reportswith 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 wetkar8lvan 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 arerdaching asSwan Lakegives 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 id thke 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 winerydegan t
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 othdements from urban sources, have over time created a highly
eutrophic aquatic system characterized by high turbidity, elevatedsphorus levels and at times low
dissolved oxygen concentrations. During the typical dry summers of Victoria, algae bloocosnanen

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

Swan Lake Water Quality Monitoring Mg)ctober 2020, Diversified Scientific Solutions 1



algae blooms, visitors to the wallays 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 coverad algae As a result, the overall health and bieelisity 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 awvork within the lake ad to observe temporal change,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, Maythe end of September 2, April until the beginning of
October 2018April to the beginning of October 2028d, most recentlyMayto the end ofOctober 2@0.

Such lake studies are getting press due to a growing concern about harmful algal blooms. In fact, an article
on Swan &ake water qualitywas published in thenagazineOcean News and Technolo@gtober 2020

edition (see Appendix 1).

In this report, data is presented which summarize measured water properties including dissolved oxygen,
pH, oxygen reduction potentialtemperature, nitrates and phosphates for the ZDsampling 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 wiliffezed along with time

series comparisons with the 2016, 202D18 2019and 2020sampling seasm

2.0 Swan Lake Watershed

The general details abotte location and attributes of Swan Lake are listed below.
{oly [F1S t20FGA2YY HWPTHEERN T Pc dpé b MHO HH
Swan Lake watershed: Colquitz River 56 @gure 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)

Swan Lake Water Quality Monitoring Mg)ctober 2020, Diversified Scientific Solutions 2
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Figure 1.Swan Lak&vatershed boundary (source: CRD watershed maps).

SWAN LAKE }

@
STATION 2

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 distibution of lake conditions as well as a rationale that justifies the sample site positions for
profiling. In this studytwo lake sites and the inflow creekvere selectedThe positions of these sites are
indicated in Figure 3. These sites were accesbipfeot 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 3Water quality sample site.

Sampling was carried out around the lake in a cowateckwise manner with thérst lake site on the

f1r1S t20FG4SR i C2dzyRSNEQ 2-gointN@vweendtié nffow @nd duBlows  a 2
creeks and one of the deepest sites sampled on the lake. It had easy access and was a good stable platform

for deploying instrumats such as the Acoustic Zooplankton Fish Profiler deployed in the 2018 field
season. As will be discussed, this $#tevhere dissolved oxygeand solar lux loggeraere placed to

examine diurnal cycling oveeveraimonths

The second lake site wizcated at the migpoint of the boardwalkThis site represented a sitbat 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 lalleblean removedThis had

been a key sampling site in years pastefinal sample site was locateat Blenkinsop Creek, a potential
input of urban and agricultural runoff carrying nutrients to Swan Lake. Elajpsiddwork time to
complete the sampling pically was abouthree tofour hours.

Water chemistry to determine phosphoroughosphates,nitrogen and nitrates was done in the
5ABSNBEATASR { OA Sy (uging & Wesdrited skiioA progedludes Gising réalydntd antld 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 andomsated probes. Th¥SKProOD®@ Y SI a dZNBR RA & & ;
2E&3S8Sy 65h0 Ay LISNOSy(d alddaNI GA2y YR Y3akfaz2z¥f 2E&:
t f dzandultiparameter probewas used to measure pahd ORRat 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

Swan Lake Water Quality Monitoring Mgyctober 2020, Diversified Scientific Solutions 4



visual inspection. Daily barometric and DO calibrations were performed prior to the first set of profile
measurements. The pH probe was calibrated nbntising a twepoint 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
andwave 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 lpge 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 valies 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 recordedchi 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 waterthese cases a secchi depth ofezeras
recorded as light penetration was significantly impeded by the algae.

Video recordings were made by lowering a tmetre 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 detdtus
bottom bacteria

Water samples were taken afl three sampling sitesAt the lake sites, a Van Dorn bottle was used for
collections at water depths of 10 cm, 1 m and 2 m depths. Samgitked were capped and labeled for

processing. All samples wesealyzed for nutrients & 5A GSNEAFASR { OASYGATAO { 21
photometer. Nitrogen nitrates phosphorousand phosphatesvere tested by following strict procedures

using reagents and timed mixing intervals. These values were recordehfporal comparisons.

5.0Data 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=13¢ These data are presented belas plotsand are
referred to in the text as discussion points tltainsider the influence of climatic factors and ithele in
modifying lake processes.
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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 atmosuhere a

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.

40

Air Temperature
Daily Ave i i
.......... e DAl MR [
Daily Max

w
o
|

Air Temperature (C)

10
O —
-10 \ | T ' i
5-29-20 6-28-20 7-28-20 8-27-20 9-26-20 10-26-20
Date

Figure4. Air temperature.

5.1.2 Precipitation

Rainfall(Figure 5events can rapidly change the fage water temperature and introduce oxygen
through rain drop impacts.

8

] | 2020

D
|

Rainfall (mm)

1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov
Date

Figureb. Rainfall.
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5.1.3Wind Speed

Both wind speed and direction wegenerally of the same magnitude and directiondas & i & S NI &
(Figure 6)These winds are a significanbdifier of the water quality as they are responsible for the driving
forces that move the mobile surface algae.

40 -
Wind Speed

Wind Ave

Wind Min

Wind Max

w
o

Wind Speed (km/hr)

0 T T ' T

5-29-20 6-28-20 7-28-20 8-27-20 9-26-20 10-26-20
Date

Figure6. Wind speed.

Winds are somewhat bimodal switching between the most frequeimds blowing from theSW to the

less frequent NW directiofFigure 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 plargsch as theAzolla filiculoidegend to spread out over the surface

of the lake as was observed in August and Septernbbpoth of 2018and 2019 As winds pick up, these
algae are driven by winds to the shoreline margins and boardwalk dynamically chahgirigtit
penetration within the water column at the affected areas.

Wind Speed and Direction
0

Wind Speed (km/hr)
>1-2 315 45
-2-3
>3-5
->5-10
I >10-20
I >20 - 30
Il >30- 50

Ve

270 90

3%

135

180

Figure7. Wind direction.
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5.14 Solar Inslation

As cyanobacteria and aquatic plants are dependent on solar input, the solar insolattoah is a
measure of solar energywas plotted inFigure8. The general curve shows the slow increase of sunlight
duration in April to its maximum on Jun®,2®0 (longest day 16 hé min 44 sec). This is followed by a
tapering of daylight to a point on the last day of the sampling progoa@ctober27 where the sunlight
duration was only @ hr 08 min 32 sec. The dips in the solar radiation are often associated with dips in
dissolved oxygenoncentrationsas will be discussed with the dissolved oxygen data

400

7 I (Y
800 - AT Ry

200 T I # H| l
|

LA
A
ik \ \If‘gl ‘lfl"ll \II‘ M L)
100 vy | | | W] IV IR (1 ]
| il li i W H‘Jl

| V | \

Solar Insolation (w/m?)

0 T ‘ ' T ‘ T
3/30/20 4/29/20 5/29/20 6/28/20 7/28/20 8/27/20 9/26/20 10/26/20
Date

Figure8. Solar insolation.

5.15Barometric Pressure

The barometric pressuréFigure 9)s noted here as it is an important component for dissolved oxygen
concentrations. The YSI ODf@Ipe uses the barometric pressure and water temperature to calculate DO
concentrations in mg/l or express DO concentrations as percent saturation.

1030

-
o
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Daily Average
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Ave
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1000

Barometric Pressure (hPa)

990 . , . !
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Figure9. Barometric pressure.

5.1.6 Wildfire Smoke

Smoke has become an important modifier of water qualdythe occuence of wildfires has been a yearly
event. The amount of smoke significantly impedes sunlight which in @ffects such water quality
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parametes as dissolved oxygen and water temperature within the water column. This year there were
several fres south of the border in Washington, Oregon and California. Smoke from these fires spread
north resulting in a reduction in air quality in m&eptember(Figure 10)
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E
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12 100
=
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AQI Category .Pr.\"z'; 3 PM10 Health Impact
Good (0-50) 030 050 Minimal
Satisfactory (51-100) 3160 514100  Minor Breathing discomfort to sensitive people.

Moderately polluted (101-200)  61-90 101250  Breathing discomfort to asthma patents, elderly and children.

Very poor (301-400) 121-250 351430  Respiratory illness on prolonged exposure.
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Figurel0. Smoke particulates.

5.2 Aquatic Parameters

Data collected from thevarious field instruments are presented in this section including the YSI optical
DOtemperature probe, the pH/ORP probe and the secchi disk. Plots are included with brief discussions
of interesting featuresWater samples collected for nutrient analysigill be discussed in a separate
section.

5.2.1Dissolved Oxygerrofiles

As has been observed in past seasons, the DO concentrations vary significantly throughout the year.
Dissolved oxygen is largely influenced by temperatsio&ar input,mechanical mixig, 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 arious 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 pregtatyrelationships, 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 pamameters that influence many of the organisms associated with the lake.

Figurell shows monthkto-month seasaal variations of DO with respect to water depth. Moving from
late spring to summer, note the steepening of the gradient where surface vimteomes oxygen rich
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while bottom water become anoxicbelow the thermocline This concentration contrast is most evident
in the August profile which typically occurs durimgeriod ofupper water columralgal blooms. As has
been observed in the past five years, September poses the greatest risk for hypoxic events as surface

water DO concentrations diminish withe tapering of daylight hourand the dieoff of significant algal
biomass.
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Figurell Monthly dissolved oxygen (DO) profiles.
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CAYS aSNASE F2NIo020K (G0KS C2dzy RSNEQ 2KIFINF FyR (GKS ¢
(Figure 12)These plotshow the dynamics of the water column variations with some key features worth
noting. The hottom water rarely ges above 2 mg/l, the minimum tolerance for fish respiration. This
anoxic layer migrates upwards during the July to September months whereasataes 200 cm sees a
sharp rise during th@&zarm months of July and August, periods wéalgal blooms occur with increased
oxygen production through photosynthetic processes. In the first week of August, both sitegapid a
RSOt AYS Ay 5h O2yOSyidNrdAz2ya 2F p Y3kt FYyR
respectively Notes fom the August B 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 rafor much of thepreviousday wth reduced solar insolation and a two
degree drop in the surface water temperature, both factors that impact algal metobolic processes.

MM Y

Another key feature to these DO time series plots is the collapse of oxygen-Bapidmber most notable
at the Founded Q 2 RO \WJHe® at this timeeached near hypoxic conditiohsi G KS C2 dzy RSNA Q
that persisted for about a week as measutggthe YSI DO probe.
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Figure12. Dissolved oxygen time seripptsT 2 NJ C2dzy RSNEQ 2 KI NF FyR (KS

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

with X as time, Y as depth and DO a$t#se block diagrams are depicted in FiglBeA quick visual

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

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

l dz3dzad | yR (KS RS{GIFIOKSR KeLREAO S@Syi-Sépemherk S & dzNJF |
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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 radiationtteimulates the photosynthetic processes changes
significantly from the darkness of night to the bright rays of 4. To further examine the details of
this diurnal cycle and thegsturbationsin the DO time series, two DO loggers and two solar lugeiosy
were used to measure the relationships between DO concentrations and light penetration with a
continuous sampling interval of 20 minutes. These data will be examinmadriadetail in the data logger
sectionthat follows.

5.2.2Water Temperature Profiles

Water temperature profiles were assembleto a set of time series plots similar to the DO time series
plots (Figure 14)During the sampling season, a maximum water temperature of 25.6ccurred on
July 22 at the surfacat the boardwalk samp site. On this same day, the highest difference between the
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surface and bottom water was 8@ (25.6C surface 17% bottom). The lowest water temperature of
9.5°C was recorded on the last day of samplargl it is in this lder part of October that tb water
temperature throughout the water column was near uniform.
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5.2.3pH

The pH value uses a graduated scale ranging from 0.0 (highly acidic) {ditghl@ basic) with 7.0 being

neutral (Figure 15)This scale is depicted in Figure 23. The pH scale is actually measured in millivolts and
thenO2 Yy 3SNIISR (2 RAYSyaAazyfSaa dzyada gAGK GKS Ayl SN
The pH vales 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

pH<7 = Acidic [H*>0H) pH=7 = Neutral [H"=0H") pH>7 = Basic [H™>0H")
0 1 2 3 4 5 b 7 8 9 10 1 12 13 1{;
1

I | } 1
I 1

T T
+355 mV +177 mV 0mV =177 mV -355 mV

(Theoretical: 59.16 mV/pH @ 25°C)

Figurel5. Graduated pH scale.
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The pH is largely influenced by the photosynthetic processes it ivdhe lake. As noted by Andersen et

al. 2017, during daylight hours, photosynthesis produces oxygen accumulations while depleting dissolved
CQ concentration. During darkness, these same organisms respire resulting in the consumption of oxygen
and theaccumulation of CO

To discuss pH in an aquatic setting, it is important to draw attention to available dissolyeth@€ e
respiration of aquatic plants. The two equations that govern photosynthesis are summarized as follows:

6CQ + 6HO > GH120s 60, (1) (Wetzel, 1983)
carbon dioxide + water> glucose + oxygen
HCQ@+HO-> CHO +Q+0OH (2) (Pedersen et al., 2013)

Note the fixation of C&n equation 1 and theroduction of OHin equation 2. During algae blooms where
photosynthetic activities are highly active, the production of-@#thds 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*HThis hydrogen ion combines with® and dissolved G@o

create carbonic acid as describe in equation 3:

CO2+ H2@ H2CO3 (3) (Talling, 2010)
The pH time series plots are displayed in Fidi.e

Note the August 8 dip inthe 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 photosyntiiesist OH ions
are produced thereby dropping the pH values.
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5.2.40Oxygen Reduction Potential

The pH probes only respond to the hydrogen activity ddid OH) in solution. The oxygen reduction
potential (ORP) is much more comprehensive in that measured valein response to all oxidizing and

reducing activity of ions in solution. The measure is, however, not specific in terms of what chemicals are
NBIF OlAy3dad ¢KS hwt Aa (GKS azftdziazyqQa O LI OAGe
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 30@500mV in oligotrophic lake environmest In its eutrophic state, ORP values at Swan Lake

rarely get above 150 mV. As the thermocline sets up inApud|, DO values stratify creating a reducing
environment in the deep waters near the bottom sediments. In this anoxic zone, the redox potental t
to the negative (10@nV or less). Microbial action at the watsediment interface where oxygen

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

L o /mN. At these low values, reactions occur thatued iron and cause phosphorous to be released
back into solution (Suthersan, 2001). This liberated phosphorous from the ggatiiment interface
provides a recycling of nutrients and aid in the recovery of DO, especially after a hypoxitReyemilds
and Davies, 2001).

Time series plots are displayed in Figlire
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and the boardwalk sites.
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5.2.5Turbidity

The turbidity of the water was measureshch site visithroughout 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 waten.colum

Light penetration into the water column plays a key role in terms of heat flux and provides the necessary
energy inputs for plant photosynthesis. Figui@shows the secchi depths fothe two lake sites. Unlike
previous years, there were no situationfere there was a 100% coverage of algae.
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5.2.6Water Colour

Figurel9 displays video captures of the colour of near surface (~20 cm below surface) water over the
sampling season. These imagghow a shift in hues and suspended solids whether they be organic or
inorganic paritles Water parameters are burned into each image for referer@enote is the increase

of the greenish hue on July %1&nd 22", This is aeriod where the DO concentrations move to their
highest seasonal extremesThese hues are associated with chloroptaylvhich is a photosynthetic
pigment essential for photosynthesis of cyanobacteria sushtha abundant specied\nabaena and
Aphenazomina Flos Aqua
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Figurel9. Water colour captures at 20 cm depths over the sampling season
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5.3Data Loggers

In order to examine the finer details of the diurnal cycles of DO and light penetration, two types of data
loggers were usethat sampled in phase every 20 minut&sgure20 shows the Rinko DO logger and the
Hobolux loggers. Moorings were designed to place the DOlaxtbggers in the water column at depths

of 50 cm and 100 cm. The DO loggere deployeduly 13 at 12:50 prand thelux loggers were deployed
twelve daydater on July 25 at 10:29 am.

B a AN

Figure20. Dissolved oxygen logger (left) aluk loggers (right).

5.3.1Water TemperatureTime Series

Along with measuring DO aralx, water temperatures at these two differedepths were measured and
are plotted in Figur€1. These curv@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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Figure21. Water temperatue time series for 50 and 100 cm depths.

A block diagram was created showing thenamicthermal 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 instrumendepths(Figure 22)Night cooling can be seen as the green and blue lobes that extend
down into the water column followed e solar radiatiorreds and orangeas light penetrates into the
water column.
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5.3.2DOTime Series

As with water temperature, the amplitude of the 50 atepth DO measurements significantly exceed
those of the deeper 100 cm measuremegenerally as seen in Figu8. This is to be expected as the

DO is largely influenced by temperature which impacts metobolic rates and availablealigdquired
energy input that fuels photosynthesidote the very high extreme values of DO at the 50 cm depth that
are greater than 30ng/l. Generally the 50 and 100 cm curves are well coupled but on a number of
occaions, 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 sarf® cm that produces high levels

of DOwhile reducing the light penetration at the deeper depth due to the suspended particle scatters.
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Figure23. Dissolved oxygen logger time series for 50 and 100 cm depths.

Figure24 displays a block diagram baken the 50 and 100 cm DO measuremefitBis 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 2ao the 24"
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Figure24. Dissolved oxygen contour blodiagram.

To examine the magnitude of the difference between the two depths,100 cm depth DO values were
subtracted from the 50 crdepth DO values. This comparison is depicted in Figbr&enerally the DO
values at the shallower depth exceed those measured at the deeper depth. This is typically true during
the periods wheresunlight is penetrating the water column. During the night, when respiration occurs,
the differences diminish. Durintpese periods, there are several examples where the comparison goes
negative. A possible explanation for these negative v@kmuld be related to a higher volume of
organisms in the upper water column and their relatively high respiration catepared b the deeper

depth.

Swan Lake Water Quality Monitoring Mg)ctober 2020, Diversified Scientific Solutions 22



B
£ 30
= 25 DO logger Difference
& 20 | DO (50 cm) - DO (100 cm)
15—
o 10
B 5
>
(I
o 5
5 -10 7 T T
7/3120 7/8/20 7113120 7/18/20 7/23/20 7/28/20
Date
= 35
> .
£ 30
= 25 |
& 20
15
o 10
B 5
>
(EEE
2
a -0 T T
8/2/20 8/7/20 8/12/20 8/17/20 8/22/20 8/27/20
Date
)
E
=
-
2
o]
T©
Q
2
©
7] i
2 B .
a -0 | T

9/1/20 9/6/20 9/11/20 9/16/20 9/21/20 9/26/20
Date

Figure25. 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, 20At eitherextreme 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 loleqs than2 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 ockuFEigure26, the shaded area plots the range of

the DO daily minimum and the daily maximum at 8@ and 100 cndepths of the two loggers. In this

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

The maximum average daily DO levels occur2®.44 pm at the 50 cm depth and:07:30pm 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 pebk a number of hoursAlsoof note is the daily minimums occur a
number of hours after the sun has begun to project light into the water colurhe. switching from the
dominating mode of oxygen production through photosyesis to the dominating mode of oxygen
consumption through respiration appears to have a lag response to solar input.
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Figure26. Dissolved oxygen regimés the 50 and 100 cm depths

5.3.3Lux Time Series

Light plays an important role in thbermal ard biologicalmetabolicprocesses at Swan Lake. Light from
the sun reaches the lake surface directly and through atmospheric diffussight projects into the lake,

it quickly attenuateswith depthas it gets absorbed and scattered by particles sucigee and suspended
solids. The deeper the light penetratidhe deeper the potential for photosynthetic process&be Hobo

lux loggers measure lux in units of Lumen&/®olar insolation as measured by the Swan Lake weather
station is measured in watts#?. To convert the lux values into solar insolation values, a multiplier of 0.079
was applied to the lux values. Figut@ shows the solar insolation at the surface along with the values
measured at depth from the lux loggers.
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Figure27. Solarinsolation from weather statio and the50 and 10@mlux loggers
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A block diagram was created iltustrate light penetration intothe water column based on the weather
station solar insolation anthe light levels measured #e 50 and 100 cm lux loggdepths (Figure 28)
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