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1.0 INTRODUCTION

In 2011, the Pembina River Watershed Planning Authority published an integrated watershed
management plan for the Pembina River watershed. This ten-year, five million dollar plan
outlines a strategy to improve drinking water quality, reduce algal blooms and improve surface
water quality, protect against erosion, and improve surface water management. The strategy
targets residents, government agencies, and
areas where it wildl provide the most benefi

Located along the Pembina River, Swan Lake was identified as a significant rehabilitation site
in the management plan. Among the tasks planned for this lake, a feasibility study was proposed
Aifor construction or restoration o Erosioavitemnthec ol
Pembina River leading to deposition and infilling is a concern, but precise data on the rates,
locations and extent of infilling is not currently known.

In order to assist with these remediation efforts, assemble baseline data on lake bathymetry,
and to promote and enhance access to the local fishery, AAE Tech Services Inc. was contracted
by the Pembina Valley Conservation District to conduct a bathymetric survey of Swan Lake.
The main component of the survey was to provide maps of the key characteristics, including
water depth, substrate, and vegetation characteristics in high detail across the lake. In
conjunction with the survey, water quality testing and visual documentation of the lake& riparian
areas would also provide key information about the current state of the lake. A better
understanding of the key environmental parameters shaping the size and health of the local
fishery will aid the district in implementing and improving management practices on the lakes
and facilitate the progress of the watershed

Re g . management plan.
Baseline information collected in 9 P

this study of Swan Lake will be used

to: Baseline information collected during this study will go

beyond summarizing the current conditions of Swan

Summarize current conditions Lake. Information collected will provide an indication
Determine the most effective of which restoration efforts may allow the fishery to
restoration efforts; sustain  healthy, productive fish populations.

Enable monitoring of
progress during restoration;
Allow assessment of

Furthermore, future surveys in conjunction with the
data collected during this assessment will allow the
sedimentation rates: and district to determine and monitor rates of
Provide bathymetric maps to sedimentation, which may be degrading both water
lake users. quality and fish habitat. Finally, if made available to
the public, the bathymetric maps produced may also

be used by residents or tourists to navigate the lake.

AAE Tech Services Inc. -1-
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Specific objectives of the project include:

1 The creation of maps of lake bathymetry, substrate composition, plant coverage and
plant height during both spring and late summer;

9 Elevation surveys to tie in bathymetric data in to known water elevations;

9 Description and evaluation of water quality within the lake, specifically with respect to
dissolved oxygen content;

1 Documentation of habitat characteristics and riparian areas; and

1 Creation of a list of potential rehabilitation efforts that can be undertaken to help improve
fish habitat and water quality within the lake.

1.1 STUDY AREA

Swan Lake is located adjacent to Swan Lake First Nation and approximately 25 km northwest
of Manitou, Manitoba (Figure 1). Situated along the Pembina River downstream of Pelican Lake
and Rock Lake, it is approximately 10.0 km long and 1.4 km wide with a total surface area of
129 km? (1,290 hectares or
3,187 acres). The lake is of significant
value to both area residents and
tourists for its recreational fishery.

Of the four goals outlined in the
Pembina River Watershed Planning
Aut h o rnmanagdnent plan, two
were noted as relevant to the
restoration of Swan Lake. First, the
reduction of algal blooms and improvement of water quality were listed in response to large
algal blooms resulting from increased nutrient loading. Additionally, protection against erosion
was prioritized. This is a concern throughout the watershed as riparian areas frequently consist
of shale, which is highly susceptible to erosion.

AAE Tech Services Inc. -2-
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Figure 1. Map and location of Swan Lake, Manitoba.
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2.0 APPROACH AND METHODS

To provide plant and water quality data representative of both early and late summer months,
all sampling was performed over the course of two periods of field work. The first period
occurred on June 6™ and June 8", and the second period occurred on September 16" and
September 25™.

2.1 BATHYMETRIC SURVEY

A BioSonics MX Echosounder with Visual Acquisition 6 software was used to collect highly
accurate bathymetricdata. The transducer was mounted to
edge and into the water. The depth of the transducer head below the water surface was
measured and entered into Visual Acquisition at the beginning of each sampling day and any
time the transducer position was adjusted. Data was collected by slowly driving the boat along
longitudinal transects both along shorelines and down the center of the lake, and cross-sectional
transects from shore to shore. The exact position of the transducer was measured by an internal
GPS and automatically coupled with bathymetric data.

It was expected that the data could vary i —

. . . _v:.;?—,, — = ‘1:‘_,‘ x 3
significantly between the sampling 2 7---57A_:<-s:__“_7 ——
- - i — i ——
periods in regards to vegetation “ — e

coverage and height. To consistently
document these changes across the
entire lake, longitudinal and cross-
sectional transects were competed at
500 m intervals across the lake during
the first study period. During the second
study period, cross-sectional transects
were completed between each
springtime transect. This brought
overall coverage to 250 m and allowed \L"»\.

from data verification at each point where cross-sections met longitudinal transects. Additional
transects were performed as required and as time allowed to improve overall coverage to 125 m
and to better capture regions of steep incline.

AAE Tech Services Inc. -4 -
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Due to the sensitivity of the Echosounder to
interference and instability, there were a number of
limitations to sampling, including:
1 Wind speed and direction: Waves produced by
steady or gusting wind were consistent limitations to
sampling efficiency. Winds above 10 km/h
necessitated lower boat speeds, and above 20 km/h
often rendered sampling impossible. Crosswinds in
particular limited sampling by rocking the boat,
changing the angle of the transducer significantly and
causing immediate loss of signal.

1 Boat speed: Maximum boat speed varied with wind conditions. In calm conditions, boat
speed of up to 10 km/h was possible while maintaining data quality, while under
moderately windy conditions speeds above 6.5 km/h frequently resulted in loss of data.

T Vegetation: While the MX Echosounder is usually capable of detecting both plant
canopy and bottom depth/type simultaneously, very thick plant coverage sometimes
prevented signals from adequately reaching or returning from the lake bottom, leading
to a loss of bottom depth and substrate data. In most cases, however, this was
correctible during post-processing analysis.

The BioSonics Echosounder
produces highly accurate
bathymetric data:

- Accuracy: 1.7cm +£

0.2% of depth

Ping Rate: approximately
4.9 pings/sec

Depth range: 3100 m

Data was post-processed using Visual Habitat software from BioSonics. Data from all transects
was loaded into Visual Habitat and analyzed for bottom depth, plant canopy height, and plant
coverage using the pr oBachaterdset wdsdheravislally ingpectedto i
identify anomalies in bottom depth or plant identification, such as gaps where the lake bottom
was not detected by the algorithm, or patches of boat wake misidentified as vegetation. All
identified errors were corrected wusing ttpe
was analyzed using a Principal Component Analysis algorithm, with the number of clusters
(substrate types) set manually based on the number and types of substrates encountered during
manual substrate sampling.

2.2 SUBSTRATE SAMPLING AND DATA VERIFICATION

After completion of the bathymetric surveys, substrate was physically sampled at approximately
15 sites on Swan Lake, using a Petite Ponar grab sampler. Grab sampling sites were selected
to cover the full range of observed substrate types, based on a preliminary analysis of bottom
type using Visual Habitat software. This sampling was carried out on September 25", 2014.

AAE Tech Services Inc. -5-
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2.3 WATER ELEVATIONS

Water level elevation was measured prior to each day of bathymetric sampling. A Topcon laser
level was used to measure water elevations relative to landmarks. Benchmarks of known
elevation were obtained from Pembina Valley Conservation District and used to ground-truth
bathymetric data. The benchmark was located at the crossing of the Pembina River along
Highway 34, with an elevation of 401.234 m.

For the production of bathymetric maps, the slope of the water level on the lake was assumed
to be zero. However, as a precaution, relative water levels were taken at a boat launch near
Stoney Point Road in addition to the single known-elevation benchmark on each lake.
Obtaining the absolute elevations at this point would allow for future determination of lake
slope and the adjustment of bathymetric data if necessary.

2.4 MAP PRODUCTION

Maps of bathymetry, plant biovolume and bottom type were produced for Swan Lake using
ArcMap 10.1 software. Prior to data analysis with GIS, all bathymetric results were corrected
for daily water elevation changes and depths were standardized relative to the water level on a
single day. Within GIS, prior to data importing, a polygon was drawn along the shoreline of the
lake using high-resolution satellite imagery as a reference. This polygon was used to clip
interpolated values to exact lake dimensions. Usually, this polygon is also used to define a zero-
depth contour, but in the case of Swan Lake dense emergent vegetation along most of the
shoreline meant that depth was not in fact zero at the navigable boundaries of the lake, so this
procedure was not used.

Bathymetric maps were produced according to following basic procedure:

i. A Triangulated Irregular Network (TIN) model of the lake bottom was produced using
the 3D Analyst toolset using raw bathymetric data (corrected for changes in water
elevation over the study) and the zero-depth shoreline polygon;

ii. The TIN was converted to a raster image with a longest edge of 15000 pixels;

iii.  The raster image was smoothed using the Focal Statistics tool in the Spatial Analyst
toolset;

iv.  The raster was clipped to exact lake dimensions using the Extract By Mask tool in Spatial
Analyst;

v.  Contours were added using 3D Analyst, set at 0.25 m intervals and using maximum
measured water elevation as the base (zero-depth) contour;

AAE Tech Services Inc. -6-
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vi.  The underlying raster gradient was classified at equal intervals, with colour breaks set
to match contour placement;

vii.  Contours were labeled and maps were exported to .PNG files at 96 and 200dpi
resolution, and PDF files at 300dpi resolution.

Submerged plant height and coverage were combined into a single measure of plant biovolume,
using the following formula (obtained from Valley and Drake (2005)):

R U I ¢ QX s Dl 6 1.9 v e s
O0MMELE PO O O————— DA QLHL QDR Q
0 QMo

This yielded the percent of the water column occupied by aquatic vegetation at the location of
each ping. Plant biovolume maps were produced according to the following procedure:

i.  Biovolume (%) was calculated in Excel for each ping, and the data was split into June
2014 and September 2014 datasets;

ii. Each dataset was imported to ArcMap and lakewide biovolume in spring and fall were
calculated using the Natural Neighbors interpolation tool in Spatial Analyst;

iii.  Resulting rasters were smoothed with Focal Statistics and clipped to exact lake
dimensions;

iv.  Statistics on maximum and average biovolume were obtained, using clipped but
unsmoothed rasters;

v. A consistent symbology was applied to spring and fall smoothed rasters, and maps
were exported to .PNG files at 96 and 200dpi resolution.

Finally, maps of substrate were produced according to the following procedure:

i.  Substrate data from June sampling was imported to ArcMap (September sampling was
not included in the analysis, as the change in plant coverage would have resulted in
invalid substrate comparisons during the Principal Components Analysis in Visual
Habitat);

ii.  Substrate type between transects was estimated using the Create Thiessen Polygons
tool in the Analysis toolset;

iii.  The resulting polygons were converted to a raster image using the Conversion toolset,
and clipped to lake dimensions with Spatial Analyst;

iv.  Grab sampling results were overlaid onto the maps to verify consistency between the
two;

v. Tofitinto a manageable map size, raster resolution was lowered using the Aggregate
tool in Spatial Analyst, and the resulting raster was converted to labeled points;

vi.  Finalized maps were exported to .PNG files at 96 and 200dpi resolution.

AAE Tech Services Inc. -7-
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2.5 RIPARIAN DOCUMENTATION

Riparian areas were photographed extensively in conjunction with the bathymetric surveys on
Swan Lake. These photographs document the overall state of erosion and emergent vegtation
around the entire lake. Representative photographs are presented in Appendix B.

2.6 WATER QUALITY

To study the changing conditions faced by fish inhabiting Swan Lake, in-field sampling of water
quality was performed during the spring and summer study periods. At each sampling site, data
was collected at 0.5 m intervals along the water column using a handheld YSI meter (model
556). Parameters examined include water temperature, dissolved oxygen (mg/L and %), pH,
and conductivity. Vertical mixing of water within the lake was evaluated by constructing
dissolved oxygen and water temperature profiles from the collected data. Samples were
collected on June 6", September 16™, and September 25™.

3.0 RESULTS AND DISCUSSION
3.1 BATHYMETRIC SURVEY

Detailed maps depicting the depth, substrate, and plant biovolume of Swan Lake are provided
in Appendix A, while overall substrate composition is shown in Figure 2.

Bathymetric mapping of Swan Lake revealed a relatively shallow and flat lakebed, with
particularly shallow regions near the inlet and outlet of the Pembina River and deeper areas

toward the eastern side of the centre of the lake. The deepest point in the lake was found within
thecentral portion of ,withanelewtiord 396.68rThihicerrespondsa s i n
to a depth of 2.29 m using a baseline water elevation of 398.922 m. Mean depth was calculated

to be 1.864 m, and the area within the bathymetric study area (which excluded inaccessible
marshland and patches of emergent vegetation) was 11.68 km?2. Total lake volume was
estimated from these results to be approximately 21,770,000 m® on June 6", 2014.

It should be noted that the lake volume and depths recorded in this report are specific to the
day on which the baseline water elevation was obtained (June 6th, 2014). Between June and
September sampling a significant drop in water levels was observed (approximately 0.41 m),

AAE Tech Services Inc. -8-




Bathymetric Survey of Swan Lake - 2014

and variation in water level between the peak of spring freshet and the onset of freezing is likely
larger still. As there are no water control structures at Swan Lake, parameters such as water
level, volume and refresh rate are all highly subject to fluctuations in inflow, outflow and
evaporation.

Bottom typing and grab sampling indicated the presence of three main substrate classes in
Swan Lake (Figure 2). Soft clay comprised 60.9% of bottom substrate, and was most
abundant in non-shoreline regions. Silt or clay-silt mixtures made up 33.4%, mostly near shore
and within the | akebds sout hlemsershalb asountedforga nd
remaining 5.7% of the lake bottom; sand was most frequently observed along shoreline
beaches and mixed with silt in the | akeds

Coarser substrates such as gravel, cobble, or boulders made up a very small portion of the lake
bottom and were not abundant enough to be detected by the bottom typing procedure; however
several small regions of gravel substrate noted along the southern shore of the north-eastern
basin of the lake during grab sampling.

Figure 2: Substrate composition of Swan Lake

Hm Clay
Silt or Silt-Clay Mixture

W Sand or Loose Shale
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3.2 AQUATIC VEGETATION AND RIPARIAN DOCUMENTATION

Much of riparian zonea | on g t sauthdrreakdeeastern shorelines was characterized by
boulders immediately alongside the shore, followed by grasses, trees, and/or brush. Very little
of the shoreline consisted of steep shale cliffs, which were indicated as highly susceptible to
erosion in the integrated watershed plan. Shale erosion thus did not appear to be widespread
along the shores of Swan Lake relative to Pelican Lake and Rock Lake, two other lakes studied
during this time. However, shale erosion from upstream in the Pembina River has likely resulted
in the observed deposition of silt, particularly in the south basin of the lake.

Extensive marshland and emergent vegetation were observed along shorelines, especially in
the south basin and along the northern shoreline of the lake. Even outside of these regions,
frequent patches of emergent vegetation were observed. These areas were often inaccessible
by boat, while in other areas (particularly during Fall sampling) floating vegetation interfered
with signaling of the transducer. As such, measurements of plant coverage and biovolume
(Table 1) should be understood to refer to submerged vegetation rather than emergent plants,
and may underestimate plant abundance in very dense, shallow regions.

Table 1 contains a summary of the state of aquatic vegetation on the two lakes in June and
September, 2014. Mean biovolume increased from June to September, as did maximum
observed biovolume as well as mean and maximum plant height. Lakewide submerged plant
coverage decreased, however, indicating that peak plant coverage may have already passed
by September sampling, with remaining plants clustered primarily in several very dense regions,
mostly in the southern basin and at the far northeast end of the lake. It was also noted by
residents at Rock Lake that peak plant abundance had occurred in August, suggesting that
plant coverage may have been higher than indicated in this report during that time.

Table 1: Submerged aquatic vegetation summary statistics for Swan Lake.

June September
Mean Biovolume (%) 1.06 1.37
Maximum Biovolume (%) 22.9 43.78
Mean Plant Height (cm) 14.6 14.9
Maximum Plant Height (cm) 57.0 70.0
Lakewide Plant Coverage (%) 56.10 29.79

AAE Tech Services Inc. -10 -
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3.3 FISHHABITAT ASSESSMENT

Thirty-two fish species have distribution ranges extending to include Swan Lake and its
surrounding watershed (Table 2). The presence of high-quality aquatic habitat conditions is a
critical factor in the successful migration, spawning, feeding, and refuge for all fish in an
ecosystem. The results of the bathymetric, plant and substrate surveys conducted in this study
can shed some light on the general habitat characteristics of Swan Lake. The lake was found
to contain a number of components of quality fish habitat, but improvements in some areas may
be helpful to enhance fish populations.

Aquatic vegetation was abundant in the lake, particularly in the form of emergent vegetation
along shorelines and floating plants in late summer. Aquatic vegetation provides cover for many
fish species, as well as excellent spawning and nursery habitat for species such as Northern
Pike (Esox lucius) and Yellow Perch (Perca flavescens). However, excessive plant volume can
lead ultimately to a buildup of decayed plant matter and oxygen deficiencies due to
decomposition, as well as interference with fishing, boating and other recreational activities.

While spawning habitat for Northern Pike and Yellow Perch was present in the form of aquatic
vegetation, many other species spawn over gravel or cobble in shallow reaches, and these
coarser substrates were rarely detected during bathymetric surveys in the lake. Substrate
composition in the lake consisted predominantly of very fine substrates, largely silt and clay.
Such substrates are used by certain forage fish species which prefer finer substrates and plant
matter, but the lack of significant coarse substrate may limit the spawning potential of important
recreational fishes including Walleye (Sander vitreus) and bass, as well as various Cyprinid
species. Although not significantly observed within the lake itself, cobble and gravel substrates
may be present in other locations along the Pembina River or its tributaries for spawning of such
species. If such regions are determined to be relatively rare or ephemeral in nature, the
implementation of improved spawning habitat could be beneficial for these species.

Additionally, lake depth itself, due to its effects on oxygen, temperature and vegetation
productivity, is an important component of fish habitat. Walleye and Sauger (Sander
canadensis) in particular prefer deeper water, which is less exposed to damaging sunlight.
Thus, deeper water can provide more favorable conditions for these species, while decreased
depth resulting from sedimentation can cause negative effects, including increased
temperature, increased algal productivity, decreased dissolved oxygen, and decreased cover.

AAE Tech Services Inc. -11 -
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Table 2. Fish species with distribution ranges extending to include Swan Lake and its surrounding watershed.

Common Name

Black Bullhead
Brassy Minnow
Common Carp
Common Shiner
Creek Chub
Fathead Minnow
lowa Darter
Northern Pike
White Sucker
Blackside Darter
Bigmouth Shiner
Brook Stickleback
Burbot
Central Mudminnow
Creek Chub
Emerald Shiner
Finescale Dace
Johnny Darter
Largemouth Bass
Longnose Dace
Northern Redbelly Dace
Pearl Dace
River Darter
Rock Bass
Sand Shiner
Sauger
Shorthead Redhorse
Smallmouth Bass
Trout Perch
Walleye
Western Blacknose Dace
Yellow Perch

Family

Ictaluridae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Percidae
Esocidae
Catostomidae
Percidae
Cyprinidae
Gasterosteidae
Gadidae
Umbridae
Cyprinidae
Cyprinidae
Cyprinidae
Percidae
Centrarchidae
Cyprinidae
Cyprinidae
Cyprinidae
Percidae
Centrarchidae
Cyprinidae
Percidae
Catostomidae
Centrarchidae
Percopsidae
Percidae
Cyprinidae
Percidae

Genus

Ameiurus
Hybognathus
Cyprinus
Luxilus
Semotilus
Pimephales
Etheostoma
Esox
Catostomus
Percina
Notropis
Culaea
Lota
Umbra
Semotilus
Notropis
Phoxinus
Etheostoma
Micropterus
Rhinichthys
Phoxinus
Margariscus
Percina
Ambloplites
Notropis
Sander
Moxostoma
Micropterus
Percopsis
Sander
Rhinichthys
Perca

Species
melas
hankinsoni
carpio
cornatus
atromaculatus
promelas
exile
lucius
commersonii
maculata
dorsalis
inconstans
lota
limi
atromaculatus
antherinoides
neogaeus
nigrum
salmoides
cataractae
eos
margarita
shumardi
rupestris
stramineus
canadensis
macrolepidotum
dolomieu
omiscomaycus
vitreus
obtusus
flavescens

Occurrence

Native Recent
Native
Introduced
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native Recent
Native
Native

Native Rare, Tributaries

Native
Introduced
Native

Native Rare, Tributaries

Native
Native
Native
Native
Native
Native
Introduced
Native
Native
Native
Native

not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed
not listed

COSEWIC Status

AAE Tech Services Inc.
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3.4 WATER QUALITY

Results of this study indicated that dissolved oxygen content within Swan Lake was suitable for
sustaining healthy fish populations (Table 3). All measurements were well within the normal
limits of a healthy lake.

Dissolved oxygen and
temperature profiles provide
information about general
water quality during both the
spring and summer months.
Over the course of the
study, the lowest dissolved
oxygen measurements
made were 5.19 mg/L at
3.5 m on September 25".
Since levels of 5.0 mg/L or
greater are considered
optimal for most freshwater systems, this indicates that dissolved oxygen levels within the lake
are sufficient even at the bottom of the lake during the spring and summer months. Both the
dissolved oxygen and temperature profiles based on the data from September 25" are
consistent with near-complete mixing of the lake, as little variation was observed between
depths (Figure 1).

One concern observed during the study was the presence of algal blooms during the September
sampling period. In addition to the possible toxic effects exerted by the algae, the decomposition
of such blooms may subsequently deplete oxygen levels in the lake, resulting in fish Kills.
Although dissolved oxygen was within the normal tolerance range of all local fish species for
the duration of the study, continued abundance of algae combined with reduced depths due to
infilling pose an increasing risk to dissolved oxygen stability in the future. In particular, reduced
oxygen and shallower water could significantly increase the risk of winterkills, and monitoring of
dissolved oxygen should continue during winter months to assess this risk.

AAE Tech Services Inc. -13 -
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quality samples collected within Swan Lake.
Dissolved Dissolved

Table 3. Results of water

Depth  Temperatu Oxygen Oxygen oH Conductivi
(m) re (°C) (ma/L) %) ty (uS/cm)
June 6 0 19.03 9.04 - 7.50 636
1 - 10.06 - - -
September 16t 0 12.17 9.79 92.1 6.40 688
0 1591 6.55 66.4 6.93 544
0.5 15.84 6.41 64.9 7.08 543
1.0 15.90 6.40 65.0 7.10 544
15 15.82 6.09 61.7 7.25 542
September 251
eptember 2.0 15.78 5.99 60.6 7.35 543
2.5 15.60 5.69 57.4 7.37 541
3.0 15.51 5.35 53.8 7.40 540
35 15.48 5.19 52.1 7.42 540
0 0
0.5 0.5
~ 1 —~ 1
E E
<
£ 15 215
[} [}
a o
I3 8
© ©
= =

0 2 4 6 8 10 12 14 16 18
A. Dissolved Oxygen (mg/L) B. Temperature (°C)

Figure 3. Dissolved oxygen (A) and temperature (B) profiles on Swan Lake on
September 25", 2014.
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4.0 SUMMARY

In partnership with the Pembina Valley Conservation District, AAE Tech Services carried out
surveys on the bathymetry, substrate composition, vegetation, water quality and riparian habitat
on Swan Lake. The purpose of the study was twofold: first, to promote and improve access to
the fishery on Swan Lake by providing the public with high-quality maps for fishing and
recreational purposes; and second, to provide the district with important data on lake bathymetry
and substrate, which can be used as a baseline to monitor sedimentation and infilling over time.

In addition to bathymetric maps, maps showing the distribution of substrate and submerged
aguatic vegetation in both June and September were produced. Substrate analysis indicated
that lake bottom consists predominantly of soft substrates, and the presence of silt and shale
due to possible infilling and erosion was noted. Submerged aquatic vegetation was prevalent,
particularly at near-shore regions and accompanied by significant floating plant growth during
late summer. Water quality testing indicated sufficient dissolved oxygen to support health fish
stocks, although the presence of algal blooms was noted as a concern. Numerous
recommendations for the continued health of the lake and its fishery are outlined below.

5.0 RECOMMENDATIONS

The following recommendations are suggestions intended to improve Swan Lake for all
stakeholders, including residents, recreational visitors, and the aquatic inhabitants
themselves.

1 Hold information meetings with local landowners to discuss future plans within the
Pembina River watershed. Getting everyone involved within the community will help with
future enhancement initiatives.

1 Make the bathymetric maps accompanying this report available to recreational users of
the lake for fishing and navigational purposes.

1 Conduct further studies to identify regions of shoreline most prone to erosion. Riprap,
shale traps, or other methods may be used to minimize erosion of these areas.

1 Follow-up studies on lake depth, elevation, and substrate in subsequent years, using
the results of the present study as baseline data, will help to quantify the rates and
characteristics of infilling and sedimentation in the lake.
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