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Executive Summary

Swan Lake is a nideectare lake situated in an urban setting.eBvyear, the lake experiense

algal blooms and dramatic dissolved oxygen oscillations. To better understand the dynamics of
this eutrophic system, an ongoing monitoring program has bsehup to investigae lake
properties. This is the fourth consecutive year wfater quality sampling using a consistent
methodology. Key water quality parameters are sumnmail as time series plots and some
interpretations are offeredo address the interelationships that influence the lake conditions.
Data were collectect three lake sites and the fiow creek starting in April and ending at the
beginning of October 2019. Intéry y dzk £ O2YLI NRA A2y a 2F LI NI YSGSNA
dissolved oxygen levels were comparatively low. This was also true of the pH data and nitrogen
concentrations. New this year was the testing of a spectrometer to quantify light penetration in
terms of intensity and wavelength frequencies at depth. These data were compar&bDto
concentrations. Twalissolved oxygetoggers were deployeth two differert locations which

gave high temporal resolution samples every 20 minutes from-Jurte to early October. Of

note this year was the proliferation of Eurasian water milfoil, the reductioAmtianizomenon

flos aquaeand the appearance d&zollafiliculoides
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1.0 Introduction

This is the fourth year of monitoring Swan Lake following the steps and methods from the
previous years. With the collection of water samples and water column esofjlear to year
comparisons are providing insights into the biological systems that govern the seasonal changes
at Swan Lakeln this yea® & R (| we zdwfaSigbifichr? gifferenceni the dissolved
oxygen profiles, @ecline in the well establigd cyanobacterigAphanizomenon flos aquasnd

the proliferation of the invasive species Eurasian watgifoil. Swan Lake also experienced a
bloom of the Azollafiliculoides a water fern that was first observed in miligust and then
became a dominate spes throughout the lakeSwan Lake continued with its Junior Naturalist
Program which had a water quality component where students were given hamésperience

with water quality sampling techniques including water column profiling to measure dissolved
oxygen concentrations, pH, temperature and oxygen reduction potential. Students collected
data which were plotted for week to week comparisohiew this year was the deployment of
dissolved oxygen loggers that were positioned in the water column aEtdey” R SAKEf@nd

the midpoint of the boardwalk. These were deployed on June 19 and recovered October 4.
Each logger sampled at an interval of 20 minutes over the entire deployment period. As light
penetration into the water column is key for photosyntietctivity, a fiber optic spectrometer

was tested to measure light frequency and intepsitith depth. This method compieented

the more subjective secchi depth measureméattlight penetration and turbidity.

As this monitoring program is a continuatidfom previous years, the initial sections of this
reportt those that define a brief history, the physical description of the lake and its watershed,
the study site selection and the water quality monitoring methodofogyill be repeated as

they appeared ipreviouse8 S NDa NBLIRZ2 NI AGK + FS¢g dzLRFGiSao

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 msery areas, food sources and large varieties of protected habitat in the
midst of an increasingly developed landscape. Additional values of this feature asaéhing

as Swan Lakegives rest to migratory birds, provides water filtration, enables aquati
transitioning for insects and terrestrial speciend 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 1908, 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. lak
Significant areas upstream of the lake introduce +pmint 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 createdghliii eutrophic aquatic system
characterized by high turbidity, elevated mmhorus levels and at times logissolved oxygen
concentrations. During the typical dry summers of Victoria, algae blooms are common and on
occasion fish kills occur where lake teematures, dissolved oxygen, algae overgrowth and
nutrient imbalances result in conditions that exceed tolerable limits for fish and a host of
organisms. During these algae blooms, visitors to the walkways around the lake can at times
smell a pungent odoemitted from biomats that cover large parts of the lake and shore margins.

It is quite common for the western end of the lake to be completely covered. As a result, the
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overall health and biodiversity of the wetland area is significantly impacted by thasener
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 lakedato observe temporal change, water
guality 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, Mag tend

of September 2017April until the beginning of October 20%d, most recerly, April to the
beginning of October 201%uch lake studies are getting press due to a growing concern about
harmful algal blooms. In fact, an article on Swan Lake water quality made the front cover of the
October 2019 edition of the Environmental Saierand Engineering magazine (see Appejix

In this report, data is presented which summarize measured water properties including
dissolved oxygen, pldxygen reduction potentiatemperature, nitrates and phosphates for the
2019 sampling period. Thegerameters 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 and2019sampling season.

2.0Swan Lake Watershed

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

{6ly [F1S t20FGA2YY ny HTQNT ®c péb MH O
Swan Lake watershed: Colquitz River 56 @gure 1)

Swan Lake area: 9tctares

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 2.Swan Lake bathymetrggurce: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 fgprofiling. In this study, several sites were selected and the positions of
these sites are indicated in Figure 3. These sites were accessible by foot and offered a stable
platform to work from. Each site will briefly be described and the selection raléowill be
discussed.

R
Inflow

Founders’ g
1 Wharf

Swan Lake

3

Farside
Dock

0 100 200 300m
e e ] ] el

-

TN

Figure 3Water quality sample site.

Sampling was carried out around the lake in a cousteckwise manner with the firdake site
on the lake located aC 2 dzy’ RMhat This site was located at the npdint between the
inflow and outflow creeks and one of the deepest sites sampled on the lake. It had easy access
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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 discussedsithisvas one of two sites
where dissolved oxygen loggers were placed to examine diurnal cyclingemenaimonths

The secondakesite was located at the migoint of the boardwalk. This site was approximately
20 m from one of the two bubbler linesh€& second dissolved oxygen logger was placed here in
hopes of detecting the impact of the bubbler lines when compared to the logger positioned at
the C 2 dzy’ R\VBaE Q

The third lake site was located ohe southeastern part of the lake from the sowtidewharf
(farside dock), a relatively shallow area with a large water lily population and often calm in
comparison to other parts of the lake. From héhe final sample site was located Blenkinsop
Creek, a potential input of urban and agricultural runcHrrying nutrients to Swan Lake.
Elapsedield worktime to complete the sampling typically was abdlotee to four hours.

Water chemistry to determine phosphorous, nitrogen and ammonia concentrations were done
offsite using a prescribed set of procedsr using reagents and a YSI photometer. Water
samples were processed the same day in order to capture accurate concentrations.

4.0 Methodology

Profiles were taken at each lake site at the surface, at 50 cm intervals and at the bottom. These
profiles were aiken with two YSI handheld meters and associated probes.YBi@roOD@
measured dissolved oxygen (DO) in percent saturation and mg/l of oxygen as well as water
G§SYLISNI GdzNB o ¢aktSt dafraltipasamdia Frébéwasiuged to measure pihd

ORPat the same intervals. In addition, a secchi disk was used to measure turbidity and a GoPro
4 Silver was used to acquire underwater video for visual inspection. Daily barometric and DO
calibrations were performed prior to the first set of profile meesments. The pH probe was
calibrated monthly using a twpoint 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 @mrd 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 judow 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 veethen 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 visibé. 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 surttee. in these

cases a secchi depth of zero was recorded as light penetratisrsigraificantly 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 evk in the water column the fish tended to reside. It
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was also useful to examine suspended algae density, bottom plant life, bottom hardness and the
presence of detritugind bottom bacteria

Water samples were taken atl four sampling sites. Each samplottle was rinsed withugface

water and then submergetb a depth of approximately 10 cm below the surface for sample
collection. Bottles were capped and labeled for processing. All samples avelgzed for
nutrients at Diversified Scientific Solutios f I 6 dza Ay 3 | {L dadpnn
phosphorousand ammoniavere tested by following strict procedures using reagents and timed
mixing intervals. These values were recorded for temporal comparisons.

5.0Data Collection

5.1Weather

Weather datawas 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/stationphp?id=133. These data are presented below and are
useful for considering the influence of climatic factors andrtha@e in modifying lake processes.

5.1.1 Air Temperature
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Figure 4 Air temperature from Swan Lake weather station.

5.1.2Precipitation

Fortunately,this yearthe summer was punctuated with rain events that provided a cooling
effect to the water temperatures as well as providing opportunity for the surface water to
receive mechanical raindrop impact input for dissolved oxyJémere wee rain events in both
August and September which, compared to the last few years, was unusual.
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http://www.victoriaweather.ca/station.php?id=134
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Figure 5Precipitation data from the Swan Lake weather station.

5.1.3Wind Speed

Both wind speed and direction wermgenerally of the same magnitude and efitions aslast
& S b d\R.These winds are a significant modifier of the water quality as they are responsible
for the driving forces that move the mobile surface algae.

50
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£ 40 Wind Min
e : - Wind Max
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30
go]
(0] i
3
) 20
- i
c
§ 10
0 " ' | \ i
4-5-19 5-5-19 6-4-19 7-4-19 8-3-19 9-2-19 10-2-19
Date

Figure 6 Wind speed from Swan Lake weather station.

5.1.4Wind Direction

Windsare somewhat bimodal switching between the most frequesids blowing from thesW

to the less frequent NW directiomAs much of the surface algae are mobile, darplay an
important role is relistributing the algal mats, detached milfoil and duckweeduaglations.
During calm wind conditions, duckweed and other plants tend to spread out over the surface of
the lake as was observed in August and September of 2018. As windgppittiese algaare
driven by winds to the shoreline margins and boardwalk agitally changing the light
penetration within the water column at the affected areas.
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Figure 7Wind rose showing speed and direction from Swan Lake weather station.

5.1.5Solarlnsolation

As cyanobacteria and aquatic plants are dependent on sofautj the solar insolation which is

a measure of solar energy (Figurer &yas plotted for the entire monitoring progranihe
general curve shows the slow increase of sunlight duration in April to its maximum on June 21,
2019 (longest day 16 hr 8 min 43 sebhis is followed by a tapering of daylight to armpan the

last day of the sampling program in Octolvelnere the sunlightdurationwasonly 11 hr 29 min

28 sec.The dips in the solar radiations are often associated with dips in dissolved oxygen
concertrationsas will be discussed with the dissolved oxygen data
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Figure 8.Solar insolation from Swan Lake weather station.

5.1.6Barometric Pressure

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

As hasbeen observed in past seasons, th&concentrations vary significantly througtt the
year. Dissolved oxygeris largely influenced by temperature, mechanical mixiag/water
interface exchanges nutrients and biological processemcluding photosynthetc oxygen
production and oxygen consumption througispiration. The values measuréadthe collected
profilesand data loggerare the result of complex interactioribat involve various players that
change through the yeadust as terrestrial plants haweseasonal succession, so tooatpatic
plants or macrophytesphytoplankton and zooplanktofthis order depending on the species,
largely governed by specifipredatorgprey relationships,temperature, light and nutrient
thresholds. These successisnripple through all parts of the food wednd create feedback
relationshis. Understanding lake processis a comprehensive task and DO is certainly one of
the most important parameters that influenceanyof the organisms associated with the lake.

5.2.1Dissolved Oxygefrrofiles

The weekly DO profiles for each site were assembled into time seriesgoldtare depicted in
Fgure 10. Data from each month at each site were plotted as profiles to compare site and
temporal differencesand then plottedagain showing all monthly curveat each of the three
sites(FHgure 11) Note that the DO curves in Apaite relatively high and near vertical. Gradients
develop over the summer months and then tmyd-AugustDO levels again become near vertical
but tend towards hypoxiaat the time of day for the weekly profiling September showa
recovery fom these low levels as the surface waters again become more charged with oxygen.
It was in September that several rain events occurred which may have contributed to this
oxygen increase through raindrop impacts, oxygenated runoff and a cooling of the surface
waters.
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Figure 10DO concentration time series plofsr

C 2 dzy RVBaxKtdp), boardwalk (middle) and farside dock (bottom).

The water columninitially showed near unison DO levels at all depths. As time pds&#
stratification be@n in midApril with the greatestDO spread between surface and bottom
waters being in early May at thé 2 dzy’ R\aifEa the boardwalkErom late May to early
Septemberthe DOconcentrations flafined at near zero at the bottom for both these sty
mid-September, all three sites sawracoveryof oxygen levelslikely due to the release of
nutrientsfrom the bottom decomposers as they expire

Note the dangerously low® profiles experienced at all sites for August (Figure 11).
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Figure 11DO concentration profiles by month and by site.

To place all of the DO profiles into spatial and temporal context, contour plots were generated
from the YSI profileand are depictd in Hgure 12.
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Figure 2. DO contours fo€ 2 dzy’ R\@af§AP and Boardwalk (B) sites

Note that in both locatios, oxygen concentrations were very high even to the bottom until
May. Itwasat this point that thermal stratification began to separdbe surface water with the
cooler bottom water In both cases, there was a slow decline in water quality as the anoxic layer
began to movaowards the surfacelt appears that hypoxia occurred at both locations in mid
August but no fish kill was observefis fish are mobile, it is likely that adjacent watdiad
enough oxygen to sustain life. During this periadlike last year, there were two brief periods
of rain that may have provided just enough relief through cooling and oxygenétiom the
surface ain andraindrop impact. The hypoxic conditionsvere not as pronounced at the
boardwalk as \ere observed at theC 2 dzy’ RMhaiEai®l the recovery was markedly quicker.
The bubbler lines may have contributed to this faster recovaythese rain eventmay have
added oxygen to the water column more rapidly through the convective circulation of the
bubblers
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5.2.2Dissolved Oxygen Loggers

Two Rinko optical dissolved oxygen loggers were deployed June 19,(R§d& 13) These
were supplied by ASL Enviroamal SciencesOne was mounted to th€ 2 dzy” RAhaiBamd

the second was mounted to the boardwalk at its midpoint. Both instruments were affixed to
metal brackets and placed with the probe sidewn. The optical sensors were carefully
positioned to adepth of 70 cm below surface. These loggers wereupetd log dissolved oxygen
every 20 minutes with a burst sampling of 10 readiajevery 20minute interval. These 10
readings were averaged to produce a single reading for then@@ite interval. These lagers
recorded time, temperature, dissolved oxygen in percent saturation and mg/l as well as battery
voltage.

o N

Figure B. Rinko DO loggers being prepdrer deployment.

A time series plot was generated for both loggers and is displayed in Rigu@omparing the
two curves, the DO diurnal cyclingere in phase however, the amplitude ranges vad
significantly at times during the deployment§his is especially evident dng the midJuly
period where DO levels are distinctly lower at the boardwalkatmn during the nighttime
respiration intervalslt was noted that the aremboth to the east and west of the boardwalk
were often covered by surface algé® a much greater extent than th€ 2 dzy’ R\ atEaa.
With more surface algae, light penetratiomould be reducedresulting in a smaller diurnal
oxygen amplitude.
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Figure #. DO logger data for the Juned®ugust 4 deployment period:he differentioggers
are indicated by a redurve C 2 dzy’ R\VBaxthafd blue curveBpardwalk).

5.2.3Comparisorof YSHandheld with DOLoggers

As profiles were collected at both these site with the YSI probes as well, logger and YSI probe
data were overlaid for comparison kigure 15. Both the logger and YSI data for both sites lined
up very well leading to a gater confidence in the data sets.

Swan Lak&Vater Quality AprigOctober, 2019Diversified Scientific Solutionsl3



Founders' Wharf

DO logger depth = 0.7 m
GrernesPransy YS1 ODO handheld

‘] P
oy | | L“” ‘H lh "~||6L e

6/4/19  ©/14/19  6/24/19  7/4119  7M4M19 7/24/19  8/3/19  8/13/19 8/23/19  9/219  9/12/19 9/2219 10/2119

Dissolved Oxygen
(mgfl)

Date
16
DO logger depth = 0.7 m
g Boardwalk
o} 12 | @yeveredpranes> YSI ODO handheld
>
x o
OQ ]
-ca 8 .- qs
§§ T | >
5 " il l W ikl
2 4 WAL - ' it 4. il
5 K ||W itttk
(ML
0 lihl_‘l“ .I.uL “’L';"i'll M Ll lLuLllm
6/4/19  6/14/19 6/24/19  7/4119  7/14/19 7/24/19  8/3/19  8/13/19 8/23/119 9/2/19  9/12/19 9/22/19 10/2/19
Date

Figure B. DO logger data with an overlay of YSI probe data at the same depth.

5.2.4Dissolved Oxygen Regimes

The amplitude of the oscillations of the diurnal cycle indisat® a large degredhe level of
biologicd activity within the water column(Khan and Ansari, 20Q5At either extremes,
photosynthesiduring the daylight hourss contributing to elevated oxygen concentrations and
darkness at the other extreme is seeing the consumption of oxygen thraarghanisn
respiration In hypoxic event$rom previous yearsthe oxygen levels fthbeen very low (< 2
mg/l) with a very smakhmplitudedue to diminished biological activityn Figuresl6 and 17, the
shaded area plots the range of the DO daily minimum and iy anaximumat the 70 cm
depth of the two loggerdn this text, we refer to this range as the oxygen regime.
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Figure B. DOregime atC 2 dzy’ R\@aifh Q
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By differencing the daily DO maximum with the daily DO mimima single daily DO range was
calculated to look at the temporal changestins range atach of the logger sitegigure 18).

The highest range of biological activity occurred in the month of July with much of the rest of
the sampling period oscillatinabout 4 mg/l. Although DO values from the YSI probes showed
hypoxic levels in the ladder part of August, there were still periods within tl@ddeour cycles

that produced higher oxygen levels.

12

DO Daily Range
N A —— Founders' Wharf

Aﬂ Boardwalk
"
M |

“ VY | N '\/th/v‘\v‘ \

0

DO Daily Range (mg/l)

6/19/19 7/4/19 71919 8/3/19 8/18/19 9/2/19 9/17/19 10/2/19
Date

Figure B. DO daily range fo€ 2 dzy’ R\@axfEar Boatwalk
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The average time of day when the DO reached its minimum waisa®n. The average time of
day when the DO reached its maximum was335. To further examine the DO diurnal cycling,
the dailyDO rangesvere plottedtogether with the solar insolationwater temperature and the
rainfall for the DO deployment period.

The curves ofgure 18 were overlaid onto the solar iotation and combined with plots of
loggerwater temperature and rainfall events (Figur®)1The influence of the solar ink&tion

can be seen beginning in July as the level of biological activity increases. The dip in solar
insolation in mid-August, coupled with a water temperaturarop, resulted in a significant
deflection in the biological activity (DO Mé&kin). Other smaller scaleleflections are also
observed in response t®olar input.These deflections, in time scales of hours, show how quickly
the biological community responds to solar variations and is strongly correlated with oxygen

concentrations.

The September rains, de$pia reduction in solar input actually drive the DO Mdix up on the
Sepember 24. This rise may be more influenced by the oxygenated rain and mixing due to wave

action.
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Figure B. Comparison of DO Malin to solar inslation, water temperature andainfall.

5.3 Water Temperature

The water temperature channel from the two Daygersalso shows a diurnayclingas can be
seen in the middle panel dfigure 19. This cycling, as is tlmase for theDO cycling is largely
governed by solar inputs but imore directly a restlof solar heat penetration aspposed to
the response of plants to solar input that cause a change in DO concentraBaris.DO logger
sets of data were plotted ifigure 20. Note that the oscillations and magnitudes are very simila
with only slight variations in the earlier part of the record.
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Figure20. Water temperature plot taken from the temperature channel of the DO logger.

The DO and temperature curves were plotted iRgure 21. Note that when the temperature
went up inune andthe first part of July andugust, the DO concentrations wetidwn. These

parts of the curve demonstrate a fundamentgbroperty that dissolved oxygen solubility
decreases as water temperature increasés. mid-July, however, the DO concentrations
increasel despite the rise in temperaturdt was noted that in July, théphanizomenon fles
aguae (AFA)species was in the water colunmout not in the abundance that were observed in

the last three years of study. This species significantly contributgshtdosynthetic oxygen
production and was likely a factor in DOincrease Other contributions likely came from the
macrophytes such as milfoil which had significant increases in abundance as noted from surface
observations and underwater videtn the firstweek of August, oxygen levels were quite low.
During this time the AFA species had disappeared from the water column and there was a
distinctive odorfrom the surface algadt was noted August 14 that the water colour was quite
green.By midSeptember, &ygen levels began to rise, partly due to increaBgasolubility in
cooler waters
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Figure 2. DO logger deployment record for water temperattep) and DQ(bottom) data.

Comparisons were made of the DO and temperature diurnal cycles by overldgntyo
parameters This was done for both th€ 2 dzy’ R & BatdBoardwalk siteg(Figures 22 and
23).
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5.4 pH

The pH value s a graduated scale ranging from 0.0 (highly acidic) to 14.0 (highly basic) with
7.0 being neutal. This scale is depicted ing&re 23. The pH scale is actually measured in
millivolts and then converted to dimensionless units with the interval betweertsuof
approximately 59.1& + | { ThepHxvalubs 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">QH") pH=7 = Neutral (H"=0H") pH>7 = Basic [H*>0H")
0 1 2 3 4 5 ] 7 8 9 1? M 12 13 1?-

| Il 1
I

1 1
+355 mV +177 mV 0mVv -177 mV -3556 mV

(Theoretical: 59.16 mV/pH @ 25°C)

Figure24. Graduated pH scale.

ThepH is largely influenced by the photoghetic processes at work in the lake. As noted by
Andersen et al2017, during daylight hours, photosynthesis produces oxygen accumulations
while depleting dissolved G@oncentration. During darkness, these same orgagsisespire
resulting in the consumption of oxygen and the accumulation of £0

To discuss pH in an aquatic setting, it is important to draw attention to available dissolyed CO
and the respiration of aquatic plants. The two equations that govern photosynthesis are
summarized as follows:

6CQ + 6RO -> GH1205 +6O (1) (Wetzel, 1983)
carbon dioxide + water> glucose + oxygen

HCQ@+HO-> CHO +Q+0OH (2) (Pedersen et al2013)

Note the fixation of C&in equation 1 and theroduction of OH in equation 2. During algae
blooms where photosynthetic activities are highly active, the production of t&htls to drive

the pH level up at the surface. Lower down in the water column, where light penetration is
limited, decomposing procegss dominate and consume biota liberating Mhis hydrogen ion
combines with KO and dissolved G@ create carbonic acid as describe in equation 3:

CO+ HOz H.CQ . (3)(Talling, 2010)
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Figure Z. Farside Dock Sl pH probe data time series (top) and monthly profiles (bottom).

5.5 Oxygen Reduction Potential

The pH probes only respontb the hydrogen activity (Hand OH in solution. The oxygen

reduction potential ORPis much more comprehensive in that measured values are in response

to all oxidizing and reducing activity of iomssolution The measure ig)jowever, not specific in

terms of what chemicals are reactinfhe ORRR & G KS az2f dziaAz2yQa O LI OAG e
either through oxidation (donating electrons) or through reduction (accepting electrdiss.

process is often referred to as REDOXtieas.

In settings where DO concentrations are highe redox potentialcan be highly positive
reaching valuesbove 30@500mV in oligotrophic lake environments. In its eutrophic state,
ORP values at Swan Lake rarely get above 1504mthe thermoche set up in mid-April, DO
values stratifycreatinga reducingenvironmentin the deep wates near the bottom sediments.
In this anoxic zonghe redox potentialtend to the negative {00mV orlesg. Microbialaction at
the water¢sediment interface where oxygen consumption is highthrough bacerial
decomposition causes @rop in theredox potential to as low a$ 0 /mN. At these low values,
readions occur that reduce iron andause phosphorous to be released back into solution
(Suthersan, 2001) This liberated phosphorous from the watgediment interface provides a
recycling of nutrients and aid in the recoyeof DO, specially after a hypoxic eve(lReynolds
and Davies2001).

Time series plots are displayedrdgure 27.
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Figure 3. Oxygen Reduction Potential (ORP) for each lakeGige dzy” R\BAMTKtED),
Boardwalk (middle) and Farside Dock (bottom).

The carelation between pH and ORP can be seefigure 28. Note that at higher pH where
oxygen is being produced through photosynthesis, the ORP is high. Also note that in lower pH
conditions, the ORP is lower.
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5.6 Turbidity

The turbidity of the water was measured throughout the study period to give an index of the
clarity of the water. This parameter has both physical and biological associations and indicates
the presence of both visible and invisible organic ammtganic 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. NotBigare 30 the secchi depths for each

lake d 6 S® 2 KSNB (GKS @I fdzSa 2y GKS Odz2NBSa I N5 NBLINJ
coverage and a secchi depth could not be recorded.
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Figure30. Secchi depths for all lake sites.
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5.7 Nutrients

Water samples were taken at several sample sites ardhedake. The inflow creek site was
considered of great importance as it has the potential to be a vector for external nutrient
loading. Water samples were taken in a shady area just downstream from the walking trail

wooden bridge at Blenkinsop Creek. 8tNJ ¢ I 1 SNJ & YLIX S

arasa

Ay Of dzZRSR

farside dock and the migoint of the boardwalk. Figuresland 2 present both nitbgenand

phosphate concentrations from all sample sites. Water samples were taken approximately 10
cm below the sudice and nutrient analysis was done by using a prescribed set of procedures
using a YSI 9500 photometer and reagents.
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Figure 3. Water sample analysis showing phosphorous concentrations.
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Figure 2. Water sample analysis showing nitrogen concentrations

Swan Lakéas been referredo as aneutrophic lake but actuallit presents asyper-eutrophic.
The trophic state of lakehasbeen divided into severalistinctive classes based on phosphorous
concentrations. These states are summarized in the tablew.

Table 1.Lake trophic status based on phosphorous (Environment Canada, 2004).

Trophic Status Total Phosphorous (mg/l)
Ultra-oligotrophic <0.004

Oligotrophic 0.0040.01

Mesotrophic 0.01-0.02

Meso-eutrophic 0.02-0.35

Eutrophic .035-0.100
Hypereutrophic >0.1
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The phosphorous levels were as high as 0.45 mg/l in the surface waters in late September at the
farside dock. The inflow creek showed two consecutive weeks of values near 0.4 mg/l. Aimost all
phosphorous values were well above the hygeatrophic threshold.

Nitrogen concentrations were generally lower than the last three years of measurement as will
be seen in the inteannual comparison section.

5.8 Spectrometer

Light penetration is vital to the production of photosyetit plants andheir byproductoxygen.
This year, a spectrometefThunder Optics model R spectrometBigure 33 was used to
examine the spectra of light as a function of depth. This was somewhat experimental in order to
test its ability to detectlight intensity and the constituent frequencies of that light.
Phytoplankton and macrophytes utilize specific frequenciedighft (Vant andDaviesColley,
1984) As light travels through waterit diminishes its intensity and light wavelengths are
attenuated based offrequencies(Schanz, 1985Yhis is largely impacted by solar input, surface
algae and suspended solids secchi disk has been used give a subjeéte measure of light
penetration and turbiity. By using a spectrometer, light penetration is better quantified and
expands the potentiato understanddissolved oxygemproduction from the available light at
depth forphotosynthesis.

YSI DO and

H
pH prokes R Spectrometer

Invertor
12V

Figure33. Spectometer.

Figures 34 and 35 show the output from the spectromefBne curves indicate the depth at
which recordings were made (surface, 50, 70 and 100 cm). Each curve shows the light intensity
along with its constituent wavelengths. Notée diminished intensity with depth. A visual
representationof the light as it would appear was plotted for each deptheDO was collected
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at the same time for each spectrometezcord These data were plotted together with light
intensity. With both trials, there is a clear correlation between light intensity and DO. This
demonstrates a useful tool in terms of the physical characteristics of light in the water column
but it still is only part of the equationn DO production.To further complenent these
measurements, the biological elements that respond to light would need to be defined as
different organisms have different capabilities in utilizing sunlight. As there is a seasonal
succession of organisms, the same light penetration may create differepgjem output
throughout the seasons. Other physical properties can modify this such as temperature,
dissolved solids and sun angle. As this was the first time testing this equipment, it is clear that
this technique could provide insights into the very imgamt parameter of light penetration and
would be a goodnethodto add tothe weekly sampling program.
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Figure34. Spectometer taken September 18, 2010C2 dzy RSNA Q 2 K| NF 0
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October 4 Trail 4
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Figure35. Spectometer taken October 4, 201®oardwalk).

6.0 Inter-annual Comparisons

Swan Lake is far frorexisting in asteady state as it undergoes significant seasonal changes
physically, biologichl and chemically.These changes vamgver many different time scales
including minute by minute, diurnigl and monthly. With four years of data, inteannual
comparisons can be made to examiyear to year variability. These comparisars useful ér
detecting longer term trends and provide insights into how the system responds to different
climaticinfluences such as drought drchanges in algal blooms.
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6.1 Ossolved Oxygen

The YSI DO data was plotted for the surface water at the three lake sigine 36. All three
sitesoverlay very well at the beginning of the sampling period until MayThg. next month saw
a signifcant rise in DO concentrations at tharside dock wherét was noted that there was a
surge in milfoil growttas observed from the surfa@ad underwatewideo.
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Figure36. Surface DO for all three lake sites

Figure37 shows just theC 2 dzy’ R\@atfB@curve. This curve is somewhat concerning as it
deviates from several years of previous data.
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Figure37. DO forC 2 dzy’ R\@axfh Q

Figure38 overlays previous data taken at the same location. Note that there is a general decline
in oxygen leveldrom May to Augustin the 2019 recordvhereas previous years saw a mid
summer rise. It wa noted that the abundance of AFa major contributor to oxygen levels,
began its decline in May and was only occurring in t@oeunts in midJuly. At the same time
lastyear, AFA were blooming throughout the water column.
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Figure38. Inter-annual comparison of DO time series2 dzy’ R\BaME Q

The DO logger deployed at tf@2 dzy’ RMAMHRIMD2019 was compared with the DO logger
deployed at the same location and depth 2018(FHgure 39) It was noted in last ye& report

that in midAugust, AFA are abundant producing the large amplitude oscillations seen in the

first part of the blue curve. On August 2%)18there was complete coveragd the lake surface

by duckweed and it was noted from underwater video that all AFA had dropped out of the
system by August 25, 2018. The 2019 record has similar amplitudes to 2018 when the AFA was
absent.
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Figure39. DO logger comparisons from 2018 and 2019 deployments aftu@adS N¥Harf.
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6.2 pH

Just as oxygen levels where generally lower in 2019, so too were the pH(legets 40) This

again can be explained by the absence of the AFA in the water column. As photosynthesis
utilizes dissolved CGQhe result is the drivingip of pHdue to the availability of the Olibn. It is

well know thatcyanobacterissuch as AFAnd high pHs most favorablévincent, 2009 Without

these favorable conditionsghe AFA subsided. One possible reason for this decline was the
proliferation of the Eurasian water milfoil. Was noted that fibrous strandsf algae attached to

the milfoil that trapped the free moving AFA. As AFA can optimize their position in the water
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column to utilize light for photosynthesis, this impedance may have ledbdio demise. This
point is explained in more detail in the observation section.

Figure40. Inter-annual comparison of pH time seriesG2 dzy’ RVt Q

6.3 Nutrients

Nutrients were plotted for the last four years tmmpareannual variations ofheseparametes.
Phosphorous, considered the limiting nutrient, was relatively flat for 2019 with the exception of
a low value in midSeptemberat the C 2 dzy’ ReéhArE(Byure 41). This suggests that plant
uptake ofphosphorouswvas not as vigorous as previoyearsThese values hovered around the
0.2 mg/l ofphosphorous These values are an order of magnitude greater than those reported
at Elk Lake (Nordin, 2019)litrogen on the otherhand appeared to be lower tham previous
years(Hgure 2). It was nded last year, in the midstf a duckweed bloom in Augtighat the
nitrogen levels remained relatively high. Generally during blooms, nutrients are consumed at a
great rate. As duckweed is a surface plant capable waeting atmospheric nitrogent appears

that aqueous nitrogen was not substantially usé&this may explain why in 2016, 2017 and 2018,
the nitrogen levels remained relatively constant. In 2019, duckweed was completely gone from
the surface of the lake having been replaced by flumting waer fern Azollafiliculoides
Nitrogenlevels during the late summer/early fall were some of the lowest nitrogen levels ever
recorded in the 20162019monitoringyears.

Figure4l. Inter-annual comparison of phosphorous
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