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ExecutiveSummary

In this third consecutivgear ofwater qualitydata collecton for Swan Lake, water

guality parameters are reported in the form of summary time series and monthly profile
plots. Data collected frorthe April to October 2018 season are compared to previous
years and some discussion is offered for patterns of sealsariability and changes.

Data from August and September show a prolonged hypoxic event not previously
observed in the eight years of data collection that span 31 years (P@4B). A novel

approachistested which utilizel vy ! { [ 9y @A NB KOO6BHE @dofilankto® A Sy 0S a Q

Fish Profiler (AZFP) to measure acoustic backsoatitein the water column of
cyanobacteria, key organisms that influence dissolved oxygen concentrations at Swan
Lake. Upon examination of this backscatter, diurnal patt@meobsewned in both

vertical migration and target strength of the cyanobactekighanizomenon fleaquae

As hypoxia events appear to be an annual occurrence, a new aeration system was
installed to miigate the dissolved oxygen collapse of late summer and proeitge

areas for fish. It is hoped that these refuge areas will preserve and promote biodiversity.
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1.0 Introduction

This is the third year of monitoring Swan Lake following the steps and methods from the
previous yearsWith the collection of water samples and water column profiles, year to
year comparisons are providing insights into the biologgatems that govern the
seasonal changes at Swan Lake. In this year we saw a prolonged interval of wildfire
smoke, tracked the effects of the phosphorous cycle and its importance to the biological
communities, and added a test aeration system to proviegfeige areas for fish in times

of depleted dissolved oxygen hypoxia. Swan Lake introduceddth@sr Naturalist
Program which had a water quality component where students were given hands
experiencewith water quality sampling techniques including watenumn profiling to
measure dissolved oxygen concentrations, pH, temperature and oxygen reduction
potential. Students collected datahich were plotted for week to week comparisons.

An experimental acoustic instrument was deployed which measured acoustic
backscatter of algae, zooplankton and fish in the water column. The acoustic
zooplankton fish profiler (AZFP) developed by ASL Environmental Sciences in Saanich
was deployed for a month and dataeve recorded at one second intervals from three
different frequency transducerslhis instrument was provided free of charge along with

a dissolve oxygen logger and a fluorometer.

Asthis monitoring program is a continuation from previous yedh initial sections of

this reportt those that define a brief historythe physical description of the lake and its
watershed, the study site selection and the water quality monitoring methodalogi
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The water quality of Swan Lake has significant ictgpanthe health and biodiversity of

the lake and its surrounding ecosystems. As with many urban wetlands, Swan Lake
concentrates wildlife and supplies vital nursery areas, food sources and supplies large
varieties of protected habitat in the midst of ancreasingly developed landscape.
Additional values of this feature arar-reaching as it gives rest to migratory birds,
provides water filtration, enables aquatic transitioning for insects and terrestrial species
and provides educational opportunitie® tobserve the interactions of many natural
systems.

Human impact has changed the statetb& health of this lake over time. In the late
1800s and the early 1900s, people swam and fished the lake and local tesielesl

the lake as being clear ande# from algae blooms. In 1927, a winery was constructed
on QuadraSreet and effluent from the winery began to have negative impacts on the
water quality of the lake. Significant areas upstream of the lake introducepoort
source agricultural nutrientghat follow the catchment basin via the inflow of
Blenkinsop Creek. Such nutrient loading, as well as other elements from urban sources
have over timecreated a highly eutrophic aquatic system characterized by high
turbidity, elevated phosphorus levels @nat times poor dissolved oxygen




concentrations. During the typical dry summers of Victoria, algae blooms are common
and on occasion fish kills occur where lake temperatures, dissolved oxygen, algae
overgrowth andnutrient imbalances result in conditionkdt exceed tolerable limits for

fish and a host of organisms. During these algae blooms, visitors to the walkways around
the lake carat timessmell a pungent odor emitted from biomats that cover large parts

of the lake andshore marginsit is quite comma for the western end of the lakeo be
completely coveredAs 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 ke systems can be subtle or dramatic, human induced or climatic. To better
understand the processes at work within the lake and to observe temporal change, a
water quality monitoring program was proposed, funded and carried out at Swan Lake
measuring wate parameters from the beginning of Jumnmtil the end of September
2016, May to the end of September 2017 anabre recently, April until the beginning

of October 2018.

In this report, data is presented which summarize measured water properties including
dissolved oxygen, pH, temperature, nitrates and phosphdtesthe 2018 sampling
period. These parameters are some of the key indicators of aquatic health. Although this
is largely a data report, some interpretation of the factors that influence the nreasu

parameters will be offereélong with time series comparisons with the 2016 and 2017
sampling seasan

2.0 Swan Lake Watershed
The general details about location and attributes of Swan Lake are listed below.
{oly [F1S t200A2Y9 ARwmORm HPOAT dc Ppé b M H
Swan Lake watershe@olquitz River 50 kf{Figure 1)
Swan Lakarea 9.3 hectares
Nature sanctuary: 48 hectares
Main inflow stream: Blenkinsop Creek
Main outflow stream: Swan Creek

Maximum depth: 6 m (Figure 2)
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Figure 1.Swan Lake watershdmbundary(Source CRD watershed maps
(https://www.crd.bc.ca/docs/defaukisource/eswatershedspdf/regionatwatershed
maps/watershedscrdoverview400dpired.pdf?sfvrsn=5d837ata_ 2
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Figure 2.Swan Lake bathymetiffownsend 2004)

3.0 Rlection of Sample Sites

Key components to a successful sampling program are the selection of sample sites that
represent agood spatial distribution of lake conditions as well as a rationale that

justifies the sample site positions for profiling. In this study, several sites were selected
and the positions of these sites are indicated in Figure 3. These sites were acdassible
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foot and offered a stable platform to work from. Each site will briefly be described and
the selection rationale will be discussed.
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Figure 3Water quality sample site.

Sampling was carried out around the lake in a courtlerckwise manner with théirst

site on the lake located at the first boardwalk bench (bench #1). This site was relatively
shallow and was the first of three in a cresectional transect of the western segment

of the lake. This site was close to thleorelinemarginand often cowered in duckweed

or surface algae mats. Moving along the boardwalk, the next site was located at bench
#2 in deeper water. This site was away from the north and south margins of the lake
perimeter and was often cleaf surface algae. Bench #3 was locatetatively close to
Swan Creek, the outflow of Swan Lake. At this site, significant accumulations of detritus
were observed on the lakéottom from GoPro vide@nd generally algae mats or thick
duckweed covered the surfacBy mid June, dismantling of thedd wooden boardwalk

had begun and access to the boardwalk sampling sites began to tapeitiofthe last
sample point taken at bench #3 on June 26. This made way for the new boardwalk
installation which was completed and opened to the public on Octob20%8.

The southeastern part of the lake was sampled from the saidewharf (faisidedock),

a relatively shallow area with a large water lily population and often calm in comparison
to other parts of the lake. From here water samples were taken anm@operties
measured at Blenkinsop Creek, a potential input of urban and agricultural runoff
carrying nutrients to Swan Lake. The final sample site was located at the FdQnders
Wharf, a midpoint between the inflow and outflow creeks and one of the gdest sites
sampled on the lake. Elapsed time to complete the sampling typically was &ngut

and a halhours.




4.0 Methodology

Profiles were taken at each lake site thie surface,at 50 cm intervals andat the

bottom. These profiles were taken with twéS1 handheld meters and associated probes.
¢tKS ah5h tNRFSaarAz2yé YSI aAdz2NBR RA&A&2t OSR 2
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pH at the same intervals. In addition, a deicdisk was used to measure turbidity and a

GoPro 4 Silver was used to acquire underwater video for visual inspection. Daily
barometric and DO calibrations were performed prior to the first set of profile
measurements. The pH probe was calibrated monthdyng atwo-point calibration

process. As the range of pH is between 6.5 and 9.5, the buffers used in the calibration
were pH 7.0 and pH 10.0.

.
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Prior to sampling, observations were noted recording weather conditions including
cloud coverage, wind and wawenditions and the surface presence of duckweed, algae
mats or suspended emobacteria. Each profile was mducted 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 prolsesubmerged. Readings from the meters were
recorded once values stabilized. This stabilization usually took about two to three
minutes but there were many situations where this interval was longer. The probes
were then lowered at 50 cm increments and valugsre recorded at each increment.
The final readings &re taken with the probsresting on the bottom.

Secchi depths were recorded by lowering the disk into the water column until the disk
was no longer visible. Generally each lake site had recorded isgepths with only a

few exceptions. In some cases, where algae mats or thick duckweed were present,
values could not be obtained as algae would close in immediately after the disk passed
through the surface water.

Video recordigs were made by lowering two-metre pole into the water. This became

a useful tool to observe the presence of fish and where in the water column the fish
tended to reside. It was also useful to examine suspeialgae density, bottom plant
life, bottom hardness and the presenoédetritus.

Water samples were typically taken at thench #2, the inflow creek and the Found@rs

Wharf as well as a few spot samples taken from the boardwalk andatisele dock

¢tKSasS &l YL Sa 6SNB Fylfel SR F2 NNkl NASYK a
nitrate and phosphorous were tested by following strict procedures using reagents and

timed mixing intervals. These values were recorded for temporal comparisons.




5.0 Data Summary

Temperature

Climate data was collected from the weather statiogdted on the roof of the nature
house. This weather station was part of a school based weather station network
(http://www.victoriaweather.ca/station.php?id=134 Daily minimum, maximum and
average temperatures are plotted in Figure 4.
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Figured. Air temperature at Swan Lake

Air temperatures were compared to water temperature profiles taken throughout the
sampling seasoat the FoundesQWharf. Note the water temperatures even at depth
were for the most part warmer than the average daily temperatyfegure 5)
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Figure5. Water temperature at depth compared to air temperature.
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Solar Energy

Ascyanobacteria and aquatic plants are depentlen sdar input, the solar insolation
which isa measure of solar energ¥igure6)t was plotted for the entire monitoring
program.
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Figure6. Solar insolation at Swan Lake
Winds

Winds at Swan Lakplay an important rolein the distribution of floating algae and
mechanical mixing. They contribute heat fluxes and introduce oxygen to the upper
water column through wave action. Wind speed is plotted in Figuaed binned wind
speed anddirection is plotted in Figur®. Note that the winds predominantly come
from the Southwest.
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Figure7. Wind speel.
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Figure8. Wind rose showing wind direction

Barometric Pressure

Barometric pressure is used in the calculation of dissolved oxygen percent saturation.
The YSI dissolved oxygen probe has an internal barometric pressure sedsealues
obtained fromthe YSI unit were occasionally compared to the atmospheric barometric
pressure measured at the Swan Lake weather staffeigure9). These comparisons
were in all casesqual.

Figure9. Barometric pressure

Wildfire Smoke

20K AY HAMT s hoyiitering, moke ecame a Sgnificant climatic modifier
impeding the amount of sunlight penetration into the lake. Starting in the first week of
August smoke appeared with varying intensity and lasted for about a mdfitiure10
shows examples of themokeextent over Vancouver Island during this time.
















































































































