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Executive Summary
In this brief report, details are outlined for the acquisition and post-processing of sonar logs and track
data to create a new bathymetric contour map of Swan Lake. From this bathymetric map, area and
volumetric calculations are presented and compared to previous calculations found in the literature.
Interesting backscatter data reveals an abundance of fish throughout the water column in the deeper
areas of the lake. The recorded sonar logs give a detailed snapshot of the water column and can be
played back for more in-depth analysis such as fish counting and the mapping of aquatic plant beds.
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Introduction
The last bathymetric survey done on Swan Lake was carried out by D. Coombes and K. Wright with the
BC Ministry of Environment in 1981 (Coombes and Wright, 1982). In this brief report, a new bathymetric
survey is described that was carried out by a canoe survey on May 26 th and June 1st, 2021. This survey
was done in conjunction with an ongoing water quality monitoring program being conducted by
Diversified Scientific Solutions for Swan Lake and Christmas Hill Nature Sanctuary (Bowen, 2020). The
apparatus and steps involved to acquire and process the sonar and track data are outlined and a new
bathymetric contour map is presented. Sonar logs were recorded, revealing locations of aquatic plant
beds and the presence of a large number of fish. In addition, area and volume calculations were made of
the lake and compared to other estimates of these parameters found in the literature.

Survey Apparatus
A canoe survey was conducted on two separate days that covered the main area of the lake and the
west bay separated by the boardwalk. A 16 foot canoe was used to carry out transects of the lake,
recording both sonar logs to detect the lake bottom, fish and aquatic plants and GPS locations of the
sonar data. These data were exported to a microSD card for post processing. A Humminbird Helix 5
Chirp GPS G2 (Figure 1) was used to acquire these data with the transducer mounted to the hull of the
canoe. A 24 pound thrust electric motor was use to propel the canoe throughout the survey. Using the
electric motor minimized any pitch, roll or yaw that would be introduced by the movement of paddling.
Such movements would alter the downward-looking direction of the transducer, resulting in depth
errors. Both survey dates were selected based on weather conditions where the winds were calm and
surveys began prior to 7 am to avoid the effects of the onset of solar-induced winds. A 12-volt marine
battery was used to power the electric motor and a smaller 12-volt battery was used to power the sonar
unit.

Figure 1. Humminbird Helix 5 Chirp GPS G2
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Bathymetric Survey
May 26, 2021
An initial survey was conducted to define the perimeter of the lake (Figure 2). In this survey, the
objective was to sample the nearshore zone getting as close to the shoreline as possible. Data collected
in these areas produced poor quality bottom depths due to the abundance of aquatic plants that
obscured the true bottom. As a result of these “false targets”, the sonar depth solutions in these areas
created spikes in the dataset that required post-processing. It was noted during this part of the survey
that much of the lake had surface floating bulrushes that extended out from the shoreline, creating a
contiguous floating mat margin around the perimeter of the lake. Upon approaching these margins, the
dense bottom-attached aquatic plants prevented good delineation of these margins. Depths were
resolved near these margins as multiple pings were able to detect bottom through the aquatic plants at
depths in the order of 1.0–1.5 m. Figure 3 shows the perimeter surveys with floating plant margins and
dense nearshore aquatic plant.

Figure 2. Lake perimeter survey on May 26, 2021.

Figure 3. Floating plant mat margins (left) and dense nearshore aquatic plants (right).
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The open water portion of the survey revealed a featureless, smooth-bottom basin with a maximum
depth of approximately 6 m. Figure 4 illustrates the calm conditions ideal for collecting good data. The
track plot for this part of the survey is depicted in Figure 5.

Figure 4. Photo shows the split screen of the sonar unit showing the
sonar backscatter on the left and the track plot of the survey on the right.

Figure 5. Track plot of bathymetry survey on May 26, 2021.
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June 1, 2021
Aquatic plant growth in the west bay was much more advanced than in the larger area of the lake. This
is partly due to the rapid growth conditions at this time of the year at the lake and that this survey was
done about a week later than the first surveys. Figure 6 shows the west bay survey track of this part of
the lake. This area produced many false targets due to the density of these plants as seen in Figure 7.

Figure 6. West bay sonar survey tracks.

Figure 7. Photos of dense aquatic plants in the west bay.

Data Despiking
The exported raw track data files included latitude, longitude and depth and these data were plotted for
each survey. As the transducer was submerged below the canoe, a fixed value of 34 cm was added to
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the depth values to adjust for this offset. Figure 8 displays raw data from the May 26 open water survey.
Note the false bottom targets caused by the aquatic plants that produce spikes in the depth profile. The
black dotted line in the middle panel shows a probable solution for the bottom in this example of dense
aquatic plants as the sonar, despite the plants, was able to penetrate down through the water column
to reflect off the bottom.

Figure 8. Sonar data recorded false bottom depths in areas with dense aquatic plants.

To despike these plant-saturated areas, the sonar log files were played back using the software
ReefMaster which gave positional data as well as acoustic backscatter. In combination with this
program, ASL Edit was used to despike the data using linear interpolations to remove the false target
created by the dense plants. Figure 9 shows the raw and despiked datasets.

Figure 9. Red curve indicates despiked bottom depth.
All despiked sonar data were combined to create the input dataset for contour modelling of the lake. As
the shoreline was obscured by dense aquatic plants and the floating plant mats, images from Google
Earth were used to constrain the lake perimeter. The zero elevation shoreline boundary was created by
placing control points where there were changes in vegetation such as bulrushes to more terrestrial
plants along these margins. Figure 10 dipicts the entire dataset used for modeling contours.
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Figure 10. Sonar and lake boundary points used for contour modeling.

Contour Map Modeling
Using the Golden software Surfer, several models were generated to fit the input data. These included
minimum curvature, triangulation, kriging and radial basis function. Residual testing was done to test
the validity of the model fits to the actual data. Residual testing computes the vertical difference
between the Z value (depth) in the data file and the interpolated Z value on the modeled gridded
surface (generated contour map). The calculated residuals give a quantitative measure of how well the
grid file agrees with the original data. Residuals for the radial basis function produces reasonable results
with average vertical difference between actual data and the modeled grid in the order of about 10 cm
(Figure 11).

Figure 11. Residual comparison showing the vertical difference between the
actual despiked sonar data and the gridded model surface.
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A digital elevation model was then rendered from this gridded model to create a contour map of Swan
Lake. Figures 12 and 13 depict this model showing lake contours, floating margins and the lake zero
elevation perimeter. The sonar data and boundary constraint polygon are also indicated. Appendix A
shows models generated from surveys conducted in 1970 and in 1981 for comparison.

Figure 12. Swan Lake contour map.

Figure 13. Swan Lake contour map with sonar tracks indicated.
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Profiles, Area and Volume
This contour map was then re-projected from latitude and longitude coordinates to UTM in order to
convert map units into meters. This was done so that lake profiles could be extracted and area and
volumetric calculations could be done. Figure 14 shows the lake bathymetric map re-projected into UTM
coordinates along with two x-sectional profiles of Swan Lake. Section AB shows the long axis (east/west)
and CD shows the short axis (north/south) of the lake.

Figure 14. UTM contour map with long and short axes profiles.
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Figure 15 shows a 3D rendered view of the lake. This visualization depicts the three dimensional aspect
of the lake showing the extent of area, volume and depth, all key perameters that affect the physical,
chemical and biological processes within the lake (Sobek et al, 2011). The west bay lobe of the lake is
relatively shallow and, with the boardwalk acting as a wind break, it’s not surprising that this part of the
lake had significantly more aquatic plant growth. With this growth, the potential for relatively high
sedimentation rates is likely when compared to other parts of the lake.

Figure 15. 3D visualization of the bathymetry of Swan Lake.

Calculations of area and volume were done usinig the gridded model of the lake. These calculations are
summarized in Tables 1 and 2 below.
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Table 1. Area calculations of Swan Lake
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Table 2. Volume calculations of Swan Lake.
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From these tables, we see that the total surface area of Swan Lake is approximately 107,142.40 m2 and
the total volume of the lake to the shoreline is approximately 317,871.57 m3. From within the literature
available on Swan Lake, Table 5.3 of Lisa Townsend’s Master of Science thesis of 2009 was useful for
comparison (Table 3).
Table 3. Area and volume calculations based on Townsend 2004.

Townsend reports a value of about 91.4% of the surface area calculated in this survey and a lake volume
of about 74.73% of the current study. It is not clear from the thesis how this area was calculated but if it
were based on arerial photographs of only open water area this may account for the near 9% difference
as plant margins can vary from image to image. If, for example, the area for this current study
considered only open water as well, where the mean depth at the edge of the floating plant margin was
1.0 m, the difference would be reduced to 4.6%. Similarly, with the volume calculations, if again only the
open water portion of the lake was considered, using the same 1.0 m depth for the edge of the margins,
the volume difference between the two calculations would be approximately 3.9%.

Acoustic Features of Interest
Approximately 4.5 hours of recorded sonar logs were saved from the bathymetric survey. These logs
provide a large visual inventory of the water column as the sonar resolved the lake depth below the
canoe. Using ReefMaster, these logs can be played back with a split screen to show position data as well
as the sonar backscatter echograms (Figure 16). With further analysis, aquatic plants beds could be
mapped and other characteristics could be assessed such as maximum depths where light penetration
limits plant growth. In addition, numerous fish were detected with details about lat/long positions,
relative size, abundance and depth of each fish. Figure 17 shows both small fish (possibly sunfish) and
large fish (possibly cutthroat trout) at different depths and there appears to be a continous thin layer of
an acoustic reflection at about 3.2 m that could be biological such as zooplankton retreating to deeper
water during daylight hours. This layer is also present in Figure 18.
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Figure 16. Echogram of aquatic plants.

Figure 17. Echogram showing abundance of fish of different sizes at different depths.

Figure 18. Echogram showing horizontal layer at approximately 3.1 m depth.
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Conclusions and Recommendations
Swan Lake is a shallow, eutrophic lake in an urban landscape. Water quality monitoring and the
acquisition of lake morphology and aquatic flora and fauna play a key role in developing a science-based
approach to strategies that would improve the overall health of the lake. In this bathymetric survey,
sonar logs revealed details about fish size, abundance and the depths at which the fish tended to
congregate. The survey also revealed the extent of the aquatic plant growth and that floating plant mat
margins extend out from the shoreline. Water depths at the boundary of these margins were of the
order of 1.0–1.5 m and, with a paddle, the margins could be depressed, suggesting that a significant
amount of water was under and within the saturated soils of these margins—a consideration when
discussing the storage capacity of the lake during periods of drought. The smooth featureless bottom of
the lake can be explained by the large amount of aquatic plant life with its year-to-year deposition of
dead plants. Should this exercise be repeated in the future, it is recommended that the survey be
conducted at an earlier time in the year when the aquatic plants have died back over the winter months.
This would allow for better delineation of the margins, reducing the need for despiking in areas where
dense aquatic plants obscure the sonar depth solution.
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Appendix A

Map source: Pynn, J.A. and K.Bond, 1970. Swan Lake Survey. University of Victoria, Biology 426 project.
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Map source: BC Ministry of Environment. 1981. Swan Lake bathymetry map. Surveyed by D. Coombes
and K. Wright, July 14, 1981.
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