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Executive Summary

Swan Lake is a niffeectare lake situated in an urban setting. Every yter Jake experiences algal blooms

and dramatic dissolved oxygen oscillatighat impact the health of the lakeTo better understand the
dynamics of this eutrophic system, an ongoing monitoring program has been set up to investigate lake
properties. Thids the sixth consecutive year of water quality sampling using a consistent methodology.
Key water quality parameteiisicluding dissolved oxygen, pH, temperature, oxygen reduction potential,
total dissolved solids, nutrients, chlorophglland phycocyaniare summarized as timseries plots and

some interpretations are offered to address the intetationships that influence the lake conditions.
Data were collected at two lake sites and the inflow creek starting in May and eatihg beginning of
Novembe 2021 Two dissolved oxygen loggers as well as two solar lux loggers were deployed at 50 and
100 cm depths to provide high temporal resolutiatithin the limited photic zoneData were collected
every20 minutes from midAugustto earlyNovember Weatherplayed a large pait influencing the lake
properties as Victoria experiendgecordbreakingtemperatures due to a heat dome, 51 consecutive
daysof drought and a number of atmospheric riveBuring the l&er part of June, a cyanobacteria bloom
turned the lake toa vibrantbright green as the specigsnabaenamultiplied, creating huge swings in
dissolved oxygen. Weekly water samples taken at-me¢er intervals showedthe dynamics of
phosphorus as it cycled through algal intake,-aditand decomposition Multi-year plots are presented

that compare interannual variability. These plots give a means to contrastygarar differencesSome
strategies are offered thatould improve water qualitat Swan Lake including an innovative ultrasonic
algal control systemFinally, 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 thesixthyear of monitoring Swan Lake following 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 artiological systems that govern the seasonal changes at Swan Lake

Ly GKA& &SFkNRa RIGF chargdidti@iddmngnEalgal Blood pagteriisvo yedrd y A F A Ol
ago thespeciesAzolla filiculoidedominated as it covered, at times, the entlekeduring the fall months
This speciebad been dormant at Swan Lake for many yehsst year it was present bubly for a brief
appearance in the early summer. This year it was completely absemhing to its dormant statusThe
succession aépecieghat are specially adapted to specific conditiaasg complex relationship between
environmenta) chemical and imlogical factors.Why one speés appears,and another disappears
requiresa kroad understanding of these facto@nd it is through the measurement and observations of
lake processes thasuch relationships are discovereds one organism vacateshis creates an
opportunity for another to take its plac&his process may be competitive or the result of the limiting of
optimal conditionsObserved this year was the increase of the spesiggbaenaa cyanobacteria that
can fix nitrogen directlyrbm the amosphere.ln mid-June, this species bloomed coiriaigiwith record
high temperatures associatedvith a heat dome.

The frequency of sampling a eutrophic system where thareslarge diurnal oscillatiogis an essential
consideration.Toachieve good temporal resolutionsvo dissolved oxygen loggeasong with two solar
lux loggersto measure light penetrationwere deployed These loggersvere positioned in the water
columnat 50 and 100 cm dep#at theC 2 dzy’ R S N l6is waskcbneFahted withtwo water column
profiling site visits a weedt this locationand weeklywater column profilingsite visitsat another lake
location and the inflow creek location.

Ly GKA& &SI NR& & dzR &ed using aicdnita inbukltdfa$ampafir® NirosSdpe Y A v
in order to begin to catalogue the phytoplankton and zooplankton species present at Swan Lake.

With five previous years of collected data, interannual comparisons were made with some offerings of
interpretation of anomalies and patterns.

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

that define a brief history, the physical description of the lake and its watershed, the study site selection
and the water quality monitoring methodologywill be repeated as they appeared previousyears
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. Astivmany 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 arerdaching asSwanLake gives rest to
migratory birds, provides water filtratioand flood control enables aquatic transitioning for insects and
terrestrial speciesaand provides educational opportunities to observe the interactions of many natural
systems.

Swan Lake Water Quality Monitoring Mg§yovember2021, Diversified Scientific Solutions 5



Human impact bs 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 QuadeatSind 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, elevatedsphorus levels and at times low
dissolved oxygen concentrations. During the typicgl srmmers 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. Dasag t
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 coverad 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 orclifabetter understand the
processes at work within the lake@d to observe temporal changa,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 Septdmer 2016, May tahe end of September 201 April until the beginning of
October 2018April to the beginning of October 2019ayto the end ofOctober 2@0and, most recently,

May to the end of October 2021

In this report, data is presented which summarize measured water properties including dissolved oxygen,
pH, oxygen reduction potentiatemperature, nitogenand phosplorus for the 21 sampling period.
These parameters are some of the key indicators afaéig 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, 202018 2019and 2020sampling seasan

2.0 Swan Lake Warshed

The general details abotite location and attributes of Swan Lake are listed below.
{o6ly [F1S t20FGA2YY ny HTQNT dc dpé b MHO HHQ
Swan Lake watershed: Colquitz River 56 @@gure 1)
Swan Lake area: 9.3 hectares
Nature sanctuary: 48 hectas
Main inflow stream: Blenkinsop Creek
Main outflow stream: Swan Creek
Maximum depth: 6 m (Figure 2)

Volume: ~ 317,872 in

Swan Lake Water Quality Monitoring Mg§yovember2021, Diversified Scientific Solutions 6
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CRD Monitored Shoreline Natural Drainage to
Stormwater Discharge Location C3 shoreline without Streams

_~ River/Stream - Flow year-round Urban Influenced Drainage to

- River/Stream - Flow sometimes Shoreline via Storm Drain Networks
" Municipal Boundary % Wetland
»* (RD Boundary Regional Drinking Water Supply Area
CQ Watershed Boundary™ @ shoreline

= Watershed/Drainage Area ID 7. First Nation Reserve Land

* Watersheds without names labeled are unnamed or the name is unknown.
Watersheds with areas greater than 250 ha have the area labeled.

CRD |———

0051 2 3 4 5

Making a difference...together

Projection: UTM ZONE 10N NAD £3

Figure 1.Swan Lake watershed boundary (source: CRD watershed maps).
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Figure 2.Swan Lake bathymetry (sourd@owen2021).
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3.0 Selection of Sample Sites

Key components to a successful sampling program are the selection of sample sites that represent a good
spatial distribution of lake conditions as well as a rationale that justifiessample 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 accessible by foot and offered a stable platform to work from. Each
site willbriefly be described and the selection rationale will be discussed.

Bubblers
Founders

Wharf

Swan Lake

Outflow

0 100 200 300m
T e i R (R

»

Figure 3Water quality sample site.

Sampling was carried out around the lake icoainterclockwisenanner with the firstakesite located at
theC2 dzy RSNA Q 2 K baktFednidpoitibatwe@rithe $iflod Bnd outflow creeksd the wharf
structure extended out from the shoreline to a water depth of approximately three mefrass site
provided easy access and was a good stable platform for deploying instruments such asotisticAc
Zooplankton Fish Profiler deployed in the 2018 field season. As will be discussed, tldswéitre
dissolved oxygeand solar lux loggensere placed to examine diurnal cycling ogexveraimonths

The second lake site was located at the +paint of the boardwalkThis site represented a siteat 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 renibnethal

been a key sampling site in years pasit was relatively close to where the inflow creek entered the.lake
Thefinal sample site was locateat the Swan Lake trail bridge Bilenkinsop Creek, a potential input of
urban and agricultural runoff carryimytrients to Swan Lake. Elapskeld worktime to complete the
sampling typically was abothiree tofour hoursfollowed by another three hours of lab wark complete

set of sampling was done weekly from the beginning of May to the end of October. A supplemental second
aSt 2F LINRPTFAESE 6SNB R2yS |G I dssite® tegsRtSaigatiples K | NJF
per week.

Swan Lake Water Quality Monitoring Mg§yovember2021, Diversified Scientific Solutions 8



Water chemistry to degrminephosphorusphosphatesnitrogenand nitrateswasdonein the Diversified
{ OASYGATAO { 2 tsitmj & preseribed et af protkdirésNBing reagents and &508I
photometer. Water samples were processed the same day in order to captutgate concentrations
with only a few exceptions where samples were processed the following day.

Water samples were also examined under a microscope to observe abundance and suazieslgjah
and zooplankton specigbroughout the May to October studygpiod.

4.0 Methodology

Profiles were taken at each lake site at the surfand at 50 cm intervalg¢o the bottom. These profiles

were taken with two YSI handhetdetersand associated probes. TNSBProODG Y S| a dzZNBR RA & & ;
oxygen (DO)inpercents&id G A2y | yR Y3kt 2F 2Ee3Sy & ¢Sdlt & ¢
Plusé a multiparameter probewas used to measure pbehd ORRat the same intervals. In addition, a

Secchiisk was used to measure turbidity and a GoPro 4 Silver was useduineaggderwater 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 gptvirat calibration process. As the range

of pH is between 6.5 a@h9.5, 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 suspgadeldacteria. 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 stabilizetisTstabilization 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 thespresting on

the bottom.

Secchidepths were recorded by lowering the disk into the water column until the disk was no longer
visible. Generally, each lake site had recor@stchidepths with only a few exceptions. In some cases,
where algae mats or thk duckweed were present, values could not be obtained as algae would close in
immediately after the disk passed through the surface waterthese cases Secchidepth of zero was
recorded as light penetration was significantly impeded by the algae.

Video recordingausing a GoPro camergere made by lowering a twmetre 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 tyemsiter colour,bottom plant life, bottom
hardness and the presence lodttom detritus.

Water samples were taken atlthree sampling sitesveekly. At the lake sites, a Van Dorn bottle was used

for collections at water depths of 10 cm, 1 m and 2 m #@isptater in the season, water samples were

taken at thebottom of thef  { S6 SR | & 6 St t |BéforeitlingCapmyaRd3aldin@ 2 K I NJF
these water samples, severghew this yeay, water quality parameters were measured. TWwarner
FluoroSenséandheld fluorometers were used to measwtgorophyltaandphycocyanin, key indicators

to quantifyalgalblooms. In addition, total dissolved solids (TDS), conductivity and salinity waisuneel.

All samples weranalyzed for nutrients & 5 A GSNBATFTASR { OASYUGATFTAO {2f dzii A 2
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Nitrogen nitrates phosphorusand phosphatesvere tested by following strict procedures using reagents

and timed mixing intervals. Thesalues were recorded for temporal comparisons.

As the diurnal cycles of DO and sunlight vary significantly over the course of the study period, two HOBO
I.

U26 DO and HOBO Lux loggers were depléyéid pn | Yy R
logger ecordedcontinuousy with sampleintervals of 20 minutes

5.0Data Collection

5.1 Weather

Man

OY RSLIiKa

lj

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.

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. Warmirand the lengthening of daylight houis the spring incrase the metabolic

rates of aquatic species and the reverse occurs as temperatutalaylight hourslecline in the fallThis

year, British Columbia declared a state of emergency as the province experienced a heandbme

latter part of June. Victoriandthe surroundingarea broke several temperature records daily duttimg
June 25 to July 1 period with the excessive heat resultiig iteaths

40
36

N N W
S~ 00N

Air Temperature (°C)
=R N
H 00 N O O

0

5/1/21

Heat Dome ——> '

——— Minimum

——— Maximum

Average

%

5/21/21

5.1.2 Precipitation

Rainfall(Figure 5events can rapidly change the surface water temperature and introduce oxygen
through raindrop impactdt is also associated with low sunlight leyveeducing the photosynthetic

6/10/21

6/30/21 7/20/21 8/9/21 8/29/21
Date

Figure4. Air temperature.

9/18/21

10/8/21

10/28/21
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http://www.victoriaweather.ca/station.php?id=134
https://www.saanichnews.com/news/summer-heat-dome-resulted-in-18-greater-victoria-deaths-bc-coroners-service/

processes. This figure represents the rain that fell within the study peote the long period of
drought occurring from midlune to midAugust.Within this51-day span of time, the measurements at

the weather station at Swan Lake were completely {fa@ge. This is just shy of thgl-day recordset in
2017.

16

[y
=

- Minimum
- Maximum
- Average

-
N

-
o

o]

Rainfall (mm)

)]

Rain guage
stopped working

2 A
0 il N
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Figureb. Rainfall.

At time of writing, BC is presently undesiate of emergenchecause of a series afmospheric rivers
which have caused widespread flooding, major road artery closures and mudslides. Figure 6 shows the
daily rainfalls from the Gidord Middle School weather station approximately two kilometers awesy.

of November30, 2021, Victoriahadreceived316.4mm of rainwhich is more than doublihe typical
average rainfalfor the month.

60
Extreme flooding event
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g I Minimum
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& 20
10
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Figure6. Atmospheric river rainfall.

These rains have caused extensive flooding at Swan swk#ing the area of the lake onto the adjacent

wetlands. Events such as these illustrate the value ofyomg wetlands in their ability to manage flood
waters, reducing the impact on property damage.
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5.1.3Wind Speed

Windspeedsare reported inFigure7. An event on Octobe24- 25 had wind speedupto 41.3 km/hr that
occurred as a result of a record low pressure storm. [Bwspressureevent is indicated in Figur).
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Date

Figure7. Wind speed.

Srong windsare mostlyblowing from theSW(Figure8). Winds play a significant role on modifying water
guality at Swan Lake as they are responsible for the driving forces that move and redistribute the mobile
surface algaeDuring calm wind conditions, duckweed and other plantsh as theé\zolla filiculoidetend

to spread out over the surface of the lake as was observed in August and Septeiftzth 2018and

2019 As winds pick up, these algae are driven to the shoreline margins dynamically changing the light
penetration within the water column at trse affected areasWindsalso play a importantrole inthe
mixingof surface waterslue to the increase of wave action.
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Figure8. Wind direction.
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5.14 Solar Inslation

As cyanobacteria and aquatic plants are dependent on solar input, the isslalationt which is a
measure of solar energyis vital to their required metabolic processes. FigQmisplays the maximum
and average solar input as measured at the Swan Lake weather statiergeneral curve shows the slow
increase of sunlight duratioin April to its maximum on Jun®,22®1 (longest day 16 hé min 45 sec).
This is followed by a tapering of daylight to a point on the last day of the sampling profiidovember

15t where the sunlight duration was onhr 53 min 16 sec. The dips ithe solar radiation are often
associated with dips in dissolved oxygen concentratimnsvill be discussed with the dissolved oxygen
data
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Figure9. Solar insolation.

5.15Barometric Pressure

The barometric pressur@-igurel0) 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 saturdtiote the exteme record
barometric pressure of the Octobed225 storm eventwas 976.87 hPar 97.69 kPa.
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Figurel0. Barometric pressure.
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5.2 Aquatic Parameters

Datacollected from the various field instrumengse presented in this section including the YSI optica
DOtemperature probe, theYSIpH/ORP probgethe Secchidisk the fluorometers and other water
properties Plots are included with brief discussions of interesting featuiémter samples collected for
nutrient analysis will be discussed in a separatdisac

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 temperatsiodgr input,mechanical mixing, air/water interface
exchanges, nutrients and biological processetuiting 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 pdamsts h
seasonal succession, so too do aquatic plants or macrophytes, phytoplankton and zooplankton. This order,
depending on the species, is largely governed by specific pregtaty relationships, temperature, light,

and nutrient thresholds. These succiesss 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.

Figurell shows monthto-month seasaal variations of DO with respect to water deptNote at the
0SAAYYAYI 2F GKS &dGdzReé LISNA2RI (KS 5 hwer®aijodSy i NI G A
down to 2.5 m and then drgmedto below 2 mg/l As time pogressél, a sharpgradientoccured in June
where the now establishedhermaocline separatd the rich oxygensurfacewaters from theanoxiclayer
below. Examining the two bottom plots in this figure shows Junkasng the most extreme DO profiles.
Itisat this time that thestrongest gradients occurreaba lakewide cyanobacteria bloom occurréd/ater
samples extracted at this time revealed the abundance of the blooming sp&o@saenawhich turned
the appearance of the laki® a vibrant bright greencolour (Figurel2). This bloom conincided with the
heat domewhere air temperaturesvere at record levels for thdune 25 to July 1 periodDuring this
bloom, some of the highest DO valug$ mg/l) were measureds hot temperatures and bright sunlight
enabled these cyanobacteria produee vast quantitie®f oxygen through photosynthesic processes.

CAYS aSNARSa F2NJ 020K GKS C2dzyRSNEQ 2 K| NJFvisisyR (KS
throughout the study period (Figure3L Profiles were conducted twice weekly at tRi@ dzy RS NA Q 2 K I N.
and once a week at the boardwalk with the exception of hitly to mid! dz3dza i ¢ KSNBE (G KSNBEQ
the dataset at the boardwalk and onlyone e R I O2ftf SOGSR i GKS C2dzy RS
the dynamics of water column variations with some key features worth noting. At the beginning and
especially at the end of the plots, DO values moved towards unity. In early May the water colargalis

unstratified and well mixed. The water clarity, as will be discussed later, is at its very highest of the study

period and the macrophytes are only beginning to experience the longer daylight and warming effects of

the sun. At this early stage, mluckweed was visible on the surface or along the shoreline margins with

only a trace of the cyanobacterfgphanizomenon fleaquaesuspended in the water column. Similarly, in

the fall, the water column returns to its unstratified state through the nixmocesses of the fall storms,

water clarity improves and the macrophytes and surface algaes die back.
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Figurell. Monthly dissolved oxygen (DO) profiles.
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There appeard to be three elevated algal bloom features during the summer period. One already
mentionedoccurredduring the heat domevhich had the largest signalhe second appeared in the early

Figurel2

Anabaenaloom of mid to late June.

part of August and then a smaller, less defined evappeared first at the boardwalk site imid-

September and themalso appeared about a week later at tBe2 dzy’ R S N& Q

2 Kl NF

In the later part of August, the lake DO levels reached dangerously low concentrations. The August DO
profile of Figurel3 showed near hypoxic conditions throughout the wateolumn. No dead fish were
observed during this period although DO values suggested that this poterattalery close. As fish are
mobile, it is likely that this population sought regfeiareas with DO levels within their tolerance range.
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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 DQtesZ contours These block diagrams are depicted in Fidi#eNote
thethree algal bloom$ G (G KS C 2 dafeRépidgeRedy High dbRcentations of DO (green and

blue shading). The influence of the algal blooms on DO deminished over time with the first bloom driving
elevated DO levels down depth of approximately 1@150 cmthe second down to about 70 cm and

the last and weakest bloono about 50 cm. As algae requireamong other resourcesyutrients,
particularlythe limiting nutrient phosphorus, further discussion will be offergdthe nutrient section to
discuss the role of nutrients on algal processes.
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Figurel4. DOcontourblock RA I A NJ Y& 2 F Q@dp)dmyd RGuEalbottoih) siteE.
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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 radiation that stimulatespthetosynthetic processes changes
significantly from the darkness of night to the bright rays of k. To further examine the details of
this diurnal cycle and thegsturbationsin the DO time series, two DO loggers and two solar lux loggers
were used tomeasure the relationships between DO concentrations and light penetration with a
continuous sampling interval of 20 minutes. These data will be examimadr@detail in the data logger

sectionthat follows.

5.2.2Water TemperatureProfiles

Water temperature profiles were assemlaento a set of time series plots similar to the DO time series
plots (Figure 5). During the sampling season, a maximum water temperatur@®8 C occurred on
June 2%t the surfaceat the boardwalk sample site. On this same day, the highest difference between
the surface and bottom water wak3.9 C(30.3 Csurface 16.4 Cbottom).b 2 G S
the maximum water temperature was 25@ a significant difference of 4.€ The lowest water
temperaturethis yearof 99 Cwas recorded omMNovember ¥ where thewater temperature throughout
the water column was near uniforrithis temperature was higher than thevest temperature measured

(9.5 Q on Octobe 26,2020

KI G

Ay

tlad

Typically the solubility of oxygen decreases witlicreasedtemperature as illustrated in Figurks. The
temperature curvehowever, when considered with the DO curves stolow active the bloom was at

producing oxygen&spite the warmingemperatures.
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Figurel6. Solubility of dissolved oxygen with respect to water temperature.

5.2.3pH

The pH value uses a graduated scale ranging fronth@y@ly acidic) to 14.0 (highly basic) with 7.0 being

neutral (Figure ¥). The pH scale is actually measured in millivolts and twaverted to dimensionless

dzyAdla 6AGK GKS AYyGdSNIBLEt 0Si(6SSyThedpA valuds b&otv 78d JLINE E A Y
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 GH

pH<7 = Acidic [H*>0H7) pH=7 = Neutral [H*=0H") pH>7 = Basic [H*>0H")
0 1 2 3 4 5 6 7 8 9 19 1 12 13 14
I

| ! | |
I I 1

1
+355 mV +177T mV 0mV 177 mV 355 mV

(Theoretical: 59.16 mV/pH @ 25°C)

Figurel?7. Graduated pH scale.

The pH is largely influenced by the photosynthetic processes at work in theAlaketed 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 the accumulationfaCQ.

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 +6Q (1) (Wetzd, 1983)
carbon dioxide + water> glucose + oxygen
HC@+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-@&hds to drive the pH level up at the
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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@ H2CO03 (3)(Talling, 2010)

The pH time series plots are displayed in Fid@&e\ote the curves are very similar to the DO data
display in Figur@3. The bloom events are also detectable here with a maximum pH ranie ¢dite
June event ofhree units of pHin just three metresFigure D shows the near linear relationship of the
pH to the DO concentrations
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5.2.40xygen 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 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
NEBIFIOlAy3ad ¢KS hwt Aad (KS azfdzirazyQa OFLIOAGE F2N
electrons) or through reduction (accepting elmns). 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 environmentih general, the higher the ORP valtlee healthier

the lake. In its eutrophic state, ORP values at Swan Lake rarely get 800vweV. As the thermocline sets

up inearly May DO values stratify creating a reducing environment in the deep waters near the bottom
sediments. In this anoxic zenthe redox potential tensito the negative (100nV or less). Microbial action

at the watergsediment interface where oxygen consumption is high through bacterial decomposition
OFdzaSa || RNRLI Ay (KS NBWRA theselawv&usardctions odt# that rddude2 ¢ | &
iron and caus@hosphorudo be releasedback into solution (Suthersan, 2001). This libergtiedsphorus

from the watergsediment interfaceprovides a recycling of nutrients and siith the recovery of DO,
especially after a lpoxic eveni{Reynolds and Davies, 2001).

Time series plots are displayed in Figaeb 2 G S GKI G ( KS gedatalgpfidd aiNdGader 2 K| NJF
gradient than the boardwalk datatlheC 2 dzy RSNE Q 2 KI NF & dz2NFI OS SEGNBYSA
whereas the surfacdoardwalk extremes are nearer to 200 m@ne possible explanation for this
difference is the proximity of the boardwalk site to the west bay which often fills in with surfaceialgae

its relatively sheltered locatiarThe west bay woultikely generate relatively high volumes of dealtjal

materialthat wouldrain down to the lakebetielow. At the lakebedjecomposing bacterievould rapidly

use up the available oxygelmiving the ORP dowi o compare the relativevater columnconcentrations

of DO at the two sitessurface to bottom profile data were added to give an integration of DO within the

water column. Integrated data from these two sites is dispthin Figure21. Comparing these two curves

Swan Lake Water Quality Monitoring Mg§yovember2021, Diversified Scientific Solutions 21



generally shows a slightly lower overall concatibn of DOat the boardwalk sitewhich could account
for the lower ORP values atighsite
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Figure21. Integrated water column DO of bothke sites.

5.2.5Turbidity

The turbidity of the watecolumnwas measureat each 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 presene of both visible and invisible organic and inorganic particles suspended within the water
column.
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Light penetration into the water column plays a key role in terms of heat flux and provides the necessary
energy inputs for plant photosynthesis. Fig@2shows the Secchidepths forthe two lake sites. Unlike
previous years, there were no situations where there was a 100% coverage of algae.
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5.2.6Water Colour

Figurel9displaysGoProvideo captures of the colour of near surface (~20 cm below surface) water over
the sampling seasoh & (1 KS C2 dzy RS NIha3e ifhagshdiv a §hit @ Ihues\ ehd/suspended
solids whether they be organic or inorganic peles Water parameters are burned into each image for
reference.In the first two panels, the filimentous speci@phanizomenon fleaquaeappears and ramps
up its abundance to significant numbeBauring this process, the water clarijasreduced Abruptly, this
species completely disappeat on June i. Following this, therewas a distinct increase of the
yellow/greenish hue odune 8 where the speciefnabaenasucceeedthe now absenAphanizomenon
flosaquae These hues are associated with chloroplayind phycocyanirwhich are plant pigments
essential for photosynthesis of cyanobacteaiad other phytoplanktonsDuring theperiod of June 829,
DO concentrations moveto their highest seasonal extremes the® organisms blooed. By July 6
oxygen production droped by halfof the previous week as the bloom didack.No GoProimages were
recorded after July 13and beforeAugust 17 By August 17, DO levelswithin the water columnhad
declinedsignificantlyand on August 28 despite relatively calm conditions and bright sunlighg DO
levelcollapsedto its lowest surface water seasonal value (as measured by the Y Sl instruofdn®sing/I,
well below theminimum2 mg/I threshold forthealthyfish respiration. Fortunately theDOsurfacevalue

at the boardwallon that same day was 6.55 mg#ls fish are mobile, it is likely that fish irethrea of the
C2dzy RSNE Q 2 Iterallffio s¥ek @iNdoi@SyBenrich watersuch as tharea at theboardwalk
site.

Oxygen levels ben to rebuildas indicated in théugust 31'imageand the third and weakest algal bloom
occurred during the month of September. Sigealf this final bloomwere of higher magnitude at the
boardwalk site. ThiSeptember bloom is agpent on the DO contouplot of Figurel4. Into October,
there wasa distinct colour change as the yellow/greenish hues dimirdsivel therewasa reduction of
water column constituentdt is at this time that temperature and DO gradients weadgkto the point of
near uniform properties throughout the water column.
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Figure23. Water colour captures at 20 cm depths over the sampling season
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5.2.7 ChlorophyHa and Phycocyanin

Added to he suit of instruments to monitor the water quality at Swan Lake were two handheld Turner
fluorometers. These instruments were useful tools to measure phasied pigments that indicate total

algal biomass. Chlorophdlis a broad spectrum measure of gnepigment present in all plants and algae.
Photosynthetic organisms use a variety of chlorophyll molecules to improve their ability to capture solar
radiation. This is true of macrophytes, phytoplankton and to a lesser extent, cyanobacterias.
Cyanobacten utilize specializeghycobiliproteins to enhance their photosynthetic efiocy. As only a

few algal classes possess these pigments, measuring phycocyanin (PC), the most common of the
phycobiliprotein, enables the detection of the subset of cyanobaatarithin a mixed phytoplankton
assemblage (Lauceri et al. 2017)

These instruments did not arrive for use until the ¢ part of the summerafter the two large blooms of

June and July. Figu shows both chlorophylt Yy R t/ Odz2NIPSa ha&iR2aNd theKS C2 dz
boardwalk sites as taken from three depths. Note the PC values are relatively low suggesting a low
abundance of cyanobacteria during thétkr portion of the study period.
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Figure24. ChlorophyHa and phycocyanin plots of both lakites

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 minutésgure25 showsa HoboDO logger and the
Hobolux loggers. Moorings were designed to place the DOlaxtbggers in the water column at depths
of50cmand 100ch i G KS C2 dzy RThéx dgger& wehJdeplaykdios dune 29 at 10:00 and
the DO loggers (ordered this 38, were deployed August 19 at approximately 6:00 pm.
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Figure25. Dissolved oxygen logger (left) aluk loggers (right).

5.3.1Water TemperatureTime Series

Along with measuring DO aralx, water temperatures at these two different depths were measured and
are plotted in Figur@6. The data presented here are from the two DO loggers deployed in Alithese
curves show the influence of the thermal heating of the water column during tlaglight hoursand

cooling during the nighfThe daytime highs are generally warmer at the 50 cm déptihduring the night
temperatures atoth depths are about the same
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Figure26. Water temperature time series for 50 and 100 cm depths.
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5.3.2DOTime ®ries

The amplitude of the 50 cndepth DO measurementgenerallyexceed those of the deeper 100 cm
measurementsas seen in Figura?7. This is to be expected as the DO is largely influencesblay input
which impacts metobolic ratethat fuel photosynthesis Generally the 50 and 100 cm curves are well
coupled but on a number of oca@ons, the DO values at the 50 cm depth diverge significantly from the
deeper instrument. A possible explanation for trighe formation of a dense algal bloom in the surface
50 cm that produces higinlevels of DQvhile reducing the light penetratioto the deeper depth due to

the suspended patrticle scatters.
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Figure27. Dissolved oxygen logger time series for 50 and A depths.

To examine the magnitude of the difference between the two depthe,100 cm depth DO values were
subtracted from the 50 crdepth DO values. This comparison is depicted in Fig8r&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. Durintipese periods, there are several examples where the comparison goes
negative. A possible explanation for these negative vakmuld be related to a higher volume of
organisms in the upper water column and their relatively high respiration catepared b the deeper
depth.
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Figure28. 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, 30At eitherextreme photosynthesis during the
daylight hours is contributing to elevated oxygen concentratj@ml 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 loless 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 ockuFigure?9, the shaded area plots the range of

the DO daily minimum and the daily maximum at 6& and 100 craepths of the two loggers. In this

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

The maximum average daily DO levels occur B2 gpm atthe 50 cm depth an@®:35pm at the 100 cm

depth. Minimum average daily DO levels occur atlam at the 50 cm depth anti2:13pm 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 peaky 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 coluiiime switching from the dominating
mode of oxygen production through photosynthesis to thariieating mode of oxygen consumption
through respiration appears to have a lag response to solar input.
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Figure29. Dissolved oxygen regimés the 50 and 100 cm depths

5.3.3Lux Time Series

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

it quickly attenuatswith depthas it gés absorbed and scattered by particles suchlgae 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 tBwan Lake weather
station is measured in watts/inTo convert the lux values into solar insolation values, a multiplier of
0.0079 was applied to the lux values. Fig@@shows the solar insolation at the surface along with the
values measured at depth fno the lux loggers.
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The average time of day for the daily maximum solar insolation was calculated feurtfageand the 50

and 100 cmux loggerdata setswasplotted in Figure31. These times wer&2:28 pm, 1:10pm and1:25
pmrespectively.
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Figure31. Daily solar maximms at surface, 50 and 100 cm.

The daily maximum light penetration was plotted as a percent of the total peak surface solar insolation in
Figure32. Light quickly attenuates with depth in this eutrophic lake. At 50 cm, only abbd®6 of the

light at the surface travels to this depth. At a 100 cm, on average, only abd@b of solar insolation

gets to this depth.
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Figure32. Percentage of surface sunlight reaching lux loggers at depth.

The impact on light penetratioaf DO production was then examined by plotting both attributes onto a
comparative plot in Figurg3. The horizontal time scale was stretched out to view these features in more
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detail. In this plot we see theffsetsof peak light to peak DO values. Thesesef§in time along with
extremal temperaturesre summarized in Table 1.

Table 1.Daily extremal time of day for temperature, DO and solar insolation.

08/19/12:00:pm

Temperature DO Solarinsolation
Depth
min max min max max

50 cm 12:41:48pm 2:21:18pm 10:12am 4:12pm 1:10pm

100 cm 1:53:09 pm 2:57:20pm 12:13pm 3:35pm 1:25pm
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Figure33. Comparison of DO and lux logger data

Offsets are clearly visible between peak solar and peak DO production in the above plot. Also of note is
the steepness of slope of the DO curves. Generally, the ramping up of DO production during periods of

photosynthesis isieartwice the steemessof the declining DO slopes of respiration. This is most evident
in the 50 cm depth DO loggdatabut still present in the less dynamic values at the 100 cm depth.

5.4 CollectingWater Samples

Water samples were taken #te two lake sitesising a Van Dorn bottlas well asamples taken at the
surface at thenflow creek(Figure34). The inflow creek site was consideredbe apotential vector for
external nutrient loadinghrough the various urban and agricultural land use practices apsir At both
GKS C2dzyRSNEQ 2KINF yR GKS 02 NRglf 1z ainvatef Sa
September, an additical water sample was taken at the bottom of the lakelak S C2 dzy RS N& Q
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Figure34. Water samplecollection.

5.4.1Phosphorus

The phosphorus cycle is a key componémtthe biological processes at Swan LaRbosphorusis
considered in generalfo be a majornutrient that leads togloballake eutrophication and algal blooms
due to increasing anthropogenic sourdg&eynoldsandDavies, 200AndPaerl and Otten, 2013}t is an
essential nutrient for cyanobacteria, algae and aquatic phlaatabolic processed'he concentration of
phosphorus has detrimental effects a&ither extreme. As has been observedt Swan Lakehigh
concentrations have led to lakeide blooms whereas low concentrations have bagmongly correlated
with lakewide hypoxiasuch as the fish kill of 201¥here the phosphorus levels collapsed to zero.

The plosphorus cycle within eutrophic lakes has beearidd to a biochemical engineshere the inflow
streams provide the power supplgxternal loading from the watershednd the legacy phosphorus
deposited in the sediments(internal loading)is like the engi Qa 0 [Dii (B&aNBWaters
https://www.lakestoriesnz.org/insighis This analogy is useful when considering mitigation techniques to
reduce phosphorus from lake systems.

Figure 35 illustrates the phosphorus cycling process. Generdlg, input inorganic phosphorus is
converted to organic phosphorus through plant assimilation. This organic phosptemuse deposited

as these plants die or be consumed by other organisms such as grazing zooplankton.ghdsp&orus

is either excreted odeposited to tte lakebed as these organisms die. Bactatithe lakebedreak down

the organic phosphoruand through this process of decomposing rerelease inorganic phosphorus back
into the water column(The Phosphorus Cycle, 2021)
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Figure35. ThePhosphorus cycle.

Figure 36 shows plots of phosplorus (P)concentrations from all sample site$hese samples were
collectedand analyzed in the laboratory using a YSI 9500 photometer with a prescribed set of step
involving chemical reagents.

There areseveralfeatures that stand out in this ye@rphosphorus value#t the beginning of the study
period, the phosphorus concentrations are gregloselytogether but at the onset of theAnabaena
bloom in late June, the surface anohe-meter depth concentrationsdrop dramatically.In both lake
locations it was apparent thaphosphorusbecame more concentrated the deeper watersLooking at
the phosphorus cycle diagram above, these measuremantdd sugest that the dead plant material of
the bloomwere raining down onto the lakebed. As the bloom dlieff as detected by the drop in DO
values in early Julyhe decomposing action of the bacteria l@ggto rerelease phosphorus back into the
water column.Looking at the bottom panel of this figure, the bottom water contact with the benthic
sedimentsshowedextremely highphosphorusraluesThis reveals the high internal loading of phosphorus
at Swan Laké& hese values of up to four times those of the upp@ter columnrapidly diminished in mid
to late October. This drop coincides with thezord low pressure storm event of October-2%6 where
significant mixing occurred due to strong winds exceeding 40 km/hraaedciatedvave action.

¢ KAA &S| oairaphosphd@udviasatRelst a monttearlier than the dramatic drop observed last

year.As will be seenintheintdr Yy dzZ £ O2 Y LI NA & 2 y ScurieKerlly standsloutiR this LIK 2 & LJ
regardLy fFad &8I NRA RIGFS |tgthd phadphérus drbpbat s BIOO deNNB R 2
y2i RSOSt2L) dzydat -GS wWdfeao LG 6l ayQi dzydaf SF NI

The near steady state values of the beginning of the study period retuiback to similar values in

October, aspanofm2 dziT F2dzNJ Y2y (i K&A®P ¢KAA A& LI NI XhOdatfdceNI &¢ S O,
waters at the boardwalkave relatively high concentrations of phosphorus at the start and end point of

the study season.
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On occasioninflow creekphosphorusconcentrations exceeded the maximum valuegphbsphorusin
the upper two meters of the lakd he maximum concentratiof®.65 mg/l)oeing transported by the inflow
creek occurreddugust 31. There was no rain event associated with this high value.
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Figure 36. Phosphorus time series plots.
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The trophicstatus of lakes has been divided into several distinct claasedcategories based ofake
parameters such aphosphorus concentrations. These states are summarized in Tahleng with
/ I NI a2 y® state (inddk (s¥e hitps://www.nalms.org/secchidipin/monitorinemethods/trophic
state-equations/).

Swan Lake has been referred to as a eutrophic lakeabtutally itpresents as hypeeutrophic.For most
of the study period, the 0.1 mg/l threshold is exceed&étdroughout the site visitssecchidepths range
from as a high as 2.5 m in early May to thermtypicalless thanl m during the summer and early fall
period(see Figur@2). Thechlorophylta values at Swan Lake are also in the hygqerophic rangeas they
measured betweed0- 100ug/l (see Figur@4). From these parametershaded) the trophicstate index
for Swan Lake depending on the time of year, would range fronto7@uch higher due to the total
phosphorus concentrationsnd low secchi depths

Table2. Lake trophic status based @mosphorug Environment Canada, 20@hdafter Carlson, 1977

Trophic Status Total Phosphorugug/1) Total Phosphorus (mg/l)
Ultra-oligotrophic <4 <0.004
Oligotrophic 4-10 0.0040.01
Mesotrophic 10-20 0.01-0.02
Meso-eutrophic 20-35 0.020.035
Eutrophic 35100 0.0350.1
Hypereutrophic >100 >0.1
Oligotrophic Mesotrophic Eutrophic Hypereutrophic
20 25 30 35 40 45 50 55 60 65 70 75 80
Trophic State
Index L 1 1 l I 1 1 | 1 1
50 3326 20 16 13 10 7 g 3 15 1
Secchi Disk
(feet) (-} Ll I 1 | 1 1 1 1 1
05 1 2 34 5 7 10 15 20 30 40 60 80100150
Chlorophyll-a
(pg/L or PPB) L L1 1 l 1 1 .
Total 3 5 7 10 15 20 2530 40 50 60 80 100 150
Phosphorus
(Mg/LorPPB) L1 | SN N 1 B | B PR R MY TS | L

Figure37. Trophic State Index chart with Swan Lake values indicated

A contour plot was createfibr both theC 2 dzy’ R S NAn@the bisardwaliklatato visualizehe dynamics

of phosplorusin the water column(Figure 8) throughout the study periodTo aid in understanding the
dynamics of phosphorusigration, \ectors were mapped onto the contours to indicate gradients or the
flow of phosporus in the water column. Arrows point in the direction of bBigtoncentrations andhe
size of the arrow indicated the magnitude of the gradidiach site was spliced into two segments as
there was a gap in data collection between rdialy and midAugust. Both sites exhibit similar dynamics
in terms of themid to late June algal bloonvhere phosphorus concentrations were fdly reduced by
the epidemic populations odnabaena
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Figure38. Phosplorus contourplot.
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A profileline at the 50 cm deptlvas sliced througkhe contour plot spanning thiMay to midJulyperiod
whichincluded the Anabaenabloom. This profile was compared to a profile taken over the same time
span at the same depth with the DOrtour plot of Figure 14. Comparisons of the total phosphorus and
DO profiles are displayed in Figure 39. Note the inverse relationship betweeen these two parameters
where DO increasephosphorus decreases. This clearly shows the photosynthetic nutie@suenption

of the blooming biomass as it generates, as a by product, dissolved oxygen.
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Figure39. Photosynthetic nutrient demand and dissolved oxygerpbyduct of June bloom.

There are several other smaller scale migrations of phosphorus durirgptiree of this study period

where lobesof higher and lower concentrations move vertically in the water colmia-May, early

June, middunedp ¢ KS al YL Sa (GKFG 6SNB Gl 1 SinlaleSeptenth&d o020 G2 Y
and early Octobewere surprsing high valueas noted earlierin October, phosphorus was again

flushed back up into the water column likely due to the bacterial decomposition of the late summer

algaes and the vayousmixing of the October storms.

5.4.2Nitrogen

Nitrogen datawere alsoplotted for the2021 field seasor{(Figure 8). In this yea® data, there apears to

be a steady climb of nitrogen until the Juve@abaenabloom where nitrogen values peak. This is especially
the case at the boardwalk sit&his peak of nitrogen may ha been influenced by thAnabaen®& ability

to fix nitrogen through their specialiddeterocystscells(Kumar etl., 2010) These cellareindependent
from the otherphotosynthetic cell types in their strirgf-beads structureTheir purpose i$o sequester
nitrogen from the environment to assi in the feeding of the organismWhere phosphorus
concentrations dropped during the bloom, nitrogen concentrations increaBetlowing theAnabaena
bloom, the nitrogen values draped rapidly at the boardwalld dzi & (GKS C2dzy RSNAQ 2 Kl
valuesdroppedto zero and then rebound back to a more gentler downward slégter the summer gap

in data, the nitrogen concentrationsere very small right to the end of the sampling periatboth the
lake and the inflow creek sites.
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Figure40. Nitrogentime series plots.

A contourplot was also created for the nitrogen concentrations (Figitte These contour models show
some dynamic movement of nitrogen in association with the Jllnem but are relatively featureless in
mid-August right through to the end of October.
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