Prairie Perspectives (Vol. 11)

131

Limnological and macronutrient regimes in
potential sport fishery ‘pothole lakes’ of
southwestern Manitoba
Andrew W. Burton, Brandon University (aburt_2000@hotmail.com)
Roderick A. McGinn, Brandon University (mcginn@brandonu.ca)

Abstract: A history of prevalent summer-kill and annual winter-kill in trout stocked
pothole lakes indicates that sophisticated management practices are required to
foster a successful and sustainable sport fishery in the Prairie Pothole Lake Region
(PPLR) of southwestern Manitoba. Electro-mechanical-pneumatic aeration during
the ice-cover season is required and periodic summer aeration/agitation can offset
summer nutrient loading and temperature induced stress by breaking up anaerobic
strata.
This study examines the limnological and nutrient regimes of four potential sport
fishery pothole lakes in the PPLR. Four pothole lakes (Rose, Sand, Leda and KT)
and a control lake (Grayling) on the Riding Mountain Uplands were sampled
throughout the open-water season in 2006. On-site instruments recorded seasonal
trends in temperature, pH, dissolved oxygen and total dissolved solids. Epilimnion
samples were collected for laboratory analysis. Five macronutrient parameters
were analyzed in the laboratory – total ammonia, nitrate, orthophosphate, total
phosphorus and total Kjeldahl nitrogen. Un-ionized ammonia concentration was
calculated from the total ammonia-temperature-pH equilibrium. Seasonal
observations in the five lakes suggest that an accumulation of nutrients and organic
biomass accompanied by increased levels of productivity occurs in the wetlands
and shallow kettle-hole depressions south of Riding Mountain National Park.
Water quality and trout habitat conditions in Rose Lake were statistically similar
to those of the control lake and meet the recommendations for stocking of rainbow
and tiger trout. In Sand, Leda and KT lakes, however, high concentrations of
soluble reactive phosphorus and total phosphorus could result in the growth of
toxic algal blooms during heat spells. Cyclic summer aeration is required to alleviate
adverse water conditions and prevent the growth of toxic algal blooms. Sand Lake
has periodic sub-lethal spikes in pH and concentrations of un-ionized ammonia
during the summer. Consequently, Sand Lake may support summer stocking of
rainbow trout for autumn harvest, but is not suitable for a trout sport fishery. Leda
Lake is hypereutrophic and has periodic sub-lethal spikes in pH, concentrations
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of un-ionized ammonia and lethal dissolved oxygen concentrations during the
summer. Leda Lake is not suitable for trout stocking.
Water temperatures, total dissolved solids and dissolved oxygen concentrations
favour trout stocking in KT Lake. However, a relatively high pH and periodic
spikes in alkalinity and sub-lethal concentrations of un-ionized ammonia during
the summer are detrimental to fish stocking. Consequently, KT Lake while
marginally suitable for fish stocking cannot be recommended as a sport fishery
lake.
Key words: aquaculture, macronutrients, nitrogen, phosphorus, pothole lake

Introduction
In 1968, the Fisheries and Oceans Canada Freshwater Institute in
Winnipeg Manitoba began experimental summer stocking of rainbow trout
(Salmo gairdneri) in the Prairie Pothole Lake Region (PPLR) south of
Riding Mountain National Park. These small but permanent pothole lakes
typically are void of native fishes due to the high incidence of winter-kill
associated with biological depletion of dissolved oxygen (DO) under an
ice cover. Consequently, stocked fish must be harvested in the fall before
freeze-up. The 1968 trials were encouraging and by 1970 a summer
commercial trout farming industry had been established (Lawler et al.
1974). Despite initial success, inconsistent harvests associated with
unexplained summer-kill, cormorant predation, inefficient harvesting
techniques and poor quality control (frequently a ‘muddy’ flavour) doomed
the industry.
During the severe winters of 1988, 1989 and 1990, widespread winterkill expunged the local fish populations in many of the larger and deeper
pothole lakes in the region. In the early 1990s, locals undertook small scale
restocking in these larger lakes (less subject to winter-kill) with rainbow
and tiger trout (Salmo trutta x salvelinus fontinalis), a brown-brook hybrid,
for the purposes of sport fishing. In the next four years stocked rainbow
and tiger trout exhibited astonishing growth rates and trophy size fish
were common. Unfortunately, the 1998 El Niño resulted in significant
summer-kill in these recently stocked and highly productive lakes, probably
due to low DO concentrations following the collapse of algal blooms (e.g.,
Barica 1975; Ayles and Lark 1976). A history of prevalent summer-kill and
annual winter-kill in trout stocked pothole lakes indicates that sophisticated
management practices are required to foster a successful and sustainable
sport fishery in the PPLR.
In 2000, a non-political volunteer organization, Fish Lake Improvement
Program for the Parkland Region (FLIPPR) was created. The purpose of
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this organization is to enhance regional water quality and angling
possibilities for the entire Parkland Region (Prairie Pothole Lake Region)
and surrounding areas (FLIPPR 2008). As such FLIPPR’s objectives are to
act as a supportive extension of Manitoba Water Stewardship and to
assist in identifying potential ‘trout lakes’ so as to broaden the sport
fishing resource and gain economic benefits in the Parkland Region.
FLIPPR’s primary form of management is to construct aeration facilities
on small permanent pothole lakes. Electro-mechanical-pneumatic aeration
during the ice-cover season eliminates winter-kill and cyclic summer
aeration/agitation can offset summer nutrient loading and temperature
induced stress on fish populations by breaking up anaerobic strata.
FLIPPR acknowledges the need for clean, clear water and that it is
unfortunate that many pothole lakes in the region are affected by
phosphorus and nitrogen loading to a point where they are susceptible to
algae blooms and summer-kill. As a consequence, FLIPPR recommends
that studies be initiated to examine phosphorus and nitrogen loading in
these lakes.

The Prairie Pothole Lake Region in Southwestern Manitoba
This study examines the limnological and nutrient regimes of four
potential sport fishery pothole lakes in the PPLR. The PPLR is a broad
zone of stagnant ice moraine (kame kettle topography) generally bounded
by Provincial Highway 16 on the south and by the southern boundary of
Riding Mountain National Park to the north (Figure 1a). The region extends
from the town of Russell in the west to Neepawa (Figure 1a). Fedoruk
(1971) estimates that there are between 5,000 and 6,000 lakes larger than 1
ha in the region. Of these, 97 percent are smaller than 8 ha and 65 percent
smaller than 2 ha.
Operational definition of a pothole lake:
A pothole lake is a shallow, small volume body of water and associated
wetland, generally oval in shape. Groundwater springs and/or shallow
concentrated overland flow runoff derived from rainfall events or snowmelt,
supply inflow to the pothole lake. A few intermittent first or second order
inlet channels may be functional during times of high surface runoff.
Generally, there is no annual outlet. Periodically however, an outlet may be
established during extremely high water levels. Primary water losses are
attributed to evapotranspiration and/or groundwater seepage.
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Figure 1: Sample sites in the permanent pothole lake study area.

Thermal and nutrient regimes in prairie pothole lakes:
Generally pothole lakes are classified as polymictic; well mixed and
too shallow for thermal stratification (Sunde and Barica 1975).
Consequently, the thermal regime of a typical pothole lake is dependent
on the diurnal radiation exchange and thereby directly related to ambient
air temperature.
From 1971 to 1974, 51 summer stocked pothole lakes in the EricksonElphinstone district of the PPLR (Figure 1a) were analyzed for geochemistry
(ion composition), and nitrogen and phosphorus nutrient regimes (Barica
1975). Unlike ion composition, nutrient concentrations in the EricksonElphinstone pothole lakes varied considerably through the year,
specifically, the concentration range and extreme values (Barica 1975).
Consequently, Barica concludes that mean nitrogen and phosphorus
concentrations are of little comparative use and that the sampled lakes
while similar are unique.
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Suitable habitat and water quality for rainbow and hybrid trout:
Rainbow and hybrid trout species such as tiger trout are acknowledged
to be tolerant of warmer water temperatures and higher pH than other
salmonids (Ayers et al. 1976; Minnesota Department of Natural Resources
1982). Because of this, they have become the preferred species for stocking
small shallow eutrophic lakes subject to winter-kill and periodic summerkill (Ayers et al. 1976; Deyne 1990).
Kerr and Lasenby (2000) summarize information pertaining to the
current state of knowledge regarding rainbow trout stocking of inland
waters. They recognize five environmental factors influencing stocking
success, namely: habitat and water quality; predation; inter/intra specific
competition; prey availability and disease/parasites. Recommended habitat
and water quality parameters are summarized in Table 1.
Ayers et al. (1976) recommend that trout ponds should be at least
10,000 m2 (1 ha) in surface area, have a mean depth of 2 to 3 m and maintain
stable water levels. Several researchers have established 15oC to 20oC as
an ideal temperature range for trout rearing and Soldwedel (1967) determined
29oC as a lethal maximum temperature for two-year old trout. Marshall and
Johnson (1971) recommend that water pH range from 6.2 to 9.6 whilst
Murray and Ziebel (1984) have established a pH of 9.8 as a lethal maximum.
Dissolved oxygen (DO) concentration is a measure of gaseous oxygen
found dissolved in water and is inversely proportional to the water
temperature. DO levels below 5.0 mg L-1 have sub-lethal or lethal effects
on aquatic organisms (Davis 1975; CCME 1999).
Gipson and Hubert (1991) demonstrate a positive correlation between
total dissolved solids concentration (TDS) and biological productivity in
stocked trout lakes. Wiley (2006) recommends TDS as an index of trout
stocking productivity. Values exceeding 200 mg L-1 are considered excellent,
100 mg L-1 to 199 mg L-1good, and less than 100 mg L-1 fair. Barica (1975)
however, found a propensity for summer-kill when electrical conductivity
values ranged from 800 µScm-1 to 2,000 µScm-1, that is, TDS concentrations
greater than 512 mg L-1 to 1,280 mg L-1.
Nitrogen concentrations, specifically free or un-ionized ammonia ion
(NH3-N), can be lethal to a variety of aquatic organisms. Un-ionized ammonia
is considered acutely toxic to 19 of Manitoba’s invertebrate species when
concentrations exceed 0.5 mg L-1 and 29 species of fish are subject to
chronic toxicity when free ammonia concentrations exceed 0.08 mg L-1
(Williamson 1998). Consequently, Manitoba Conservation (2002) has
established a 0.02 mg L-1 concentration as the recommended guideline for
un-ionized ammonia concentration in surface waters. Toxicity of total
ammonia concentrations (NH3-N + NH4+ -N) is dependent on water
temperature and pH. The US Environmental Protection Agency (EPA)
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Table 1: Habitat and water quality requirements for trout production.

(1999) has established 0.5 mg L-1 concentration of total ammonia nitrogen
as a guideline for evaluating quality for aquatic life.
Nitrate (NO3-) is the final product of nitrification, which is the oxidation
of ammonia to nitrite (NO2-) and then to nitrate (NO3-). Nitrate nitrogen
(NO3--N) is the most highly oxidized form of nitrogen found in a wetland
pond and is an essential nutrient for plant growth. Excess nitrate, however,
produces increased algal and aquatic plant growth in surface waters, which
ultimately can lead to eutrophication. Nitrate nitrogen concentrations in
unpolluted waters rarely exceed 0.30 mg L-1 (Reid and Wood 1976). Manitoba
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Conservation (2002) has established a maximum nitrate concentration of
10.0 mg L-1.
Phosphorus is an essential nutrient required for plant and animal
growth and is frequently the limiting factor for vegetative productivity.
Orthophosphate or soluble reactive phosphorus concentrations (PO4— P) should not exceed 0.025 mg L-1 in lakes and reservoirs or in tributaries at
points where they enter such bodies of water (Manitoba Conservation
2002).
Total phosphorus (TP) is the sum of the various forms of organic and
inorganic phosphorus, including orthophosphate. Excessive phosphorus
compounds can accelerate the eutrophication process and result in
increased algal growth. The US EPA has established TP concentrations
exceeding 1.0 mg L-1 in rivers, lakes and wetlands as a ‘violation level’ (Van
der Leeden et al. 1990 Table 7.7).
Pothole lakes rarely contain native fishes (Sunde and Barica 1975).
When this is the case, fish predation and inter-species competition is nil.
Prairie pothole lakes are rich in salmonid food source. High fertility, a
mean alkalinity greater than 300 mg L-1 (pH greater than 8.0), and waters
rich in calcium (Barica 1975) support large populations and growth of
gammarus (Menon 1969; Pennak and Rosine 1976). Gammarus spp. is a
preferred food for trout (Groutage 1968; Degani et al. 1987; Ade 1989;
Newman 2008) and it is estimated that Gammarus spp. constitutes 30 to 42
percent of the salmonid food source in the PPLR.

The Study Area
The sample study area is approximately 35 km long, 6 km wide and
parallels Provincial Highway 10 (Figures 1a and 1b). Five pothole lakes
were selected based on physical parameters such as the Ducks Unlimited
Shallow Pond-Wetland classification system (Stewart and Kantrud 1971),
longevity, nominal size, evaporation potential (EPI), inflow streams Shreve
Number (PSn), and road and hydro power accessibility (Table 2).
Grayling Lake. Grayling Lake is a large permanent pothole lake (Stewart
and Kantrud 1971) located in Riding Mountain National Park (Figure 1b).
Scanned panchromatic aerial photographs (August 1994) in ArcGIS 9.1
were employed to estimate lake surface area, lake surface elevation and
watershed relative relief. The surface area of Grayling Lake is 173,911 m2,
the estimated mean depth is 3.0 m and the calculated volume on July 1,
2006 exceeded 5,217 dam3. Evaporation Potential Index (area/volume ratio)
was calculated to be 333, low potential. August 1994 aerial photography

Table 2: Pothole lake classifications (July 1, 2006).
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(2.0 m resolution) indicates one seasonal first order inlet channel and a
single second order permanent inlet stream. As a result, the Pothole Lake
Shreve Number (PSn) equals 3 (Table 2). The lake surface elevation is
approximately 609 m and the watershed relative relief is estimated to be 3.0
m.
Grayling Lake receives surface runoff from the surrounding spruce
forest zone and from a small picnic area with a self-contained washroom
facility located 30 m from the west shoreline. Snowmelt, stormwater runoff
and surface drainage enter the lake by way of overland flow and the
second order stream. Since the lake has an annual outlet, it does not fit the
operational definition of a pothole lake.
The mean riparian buffer width was calculated to be 30 m and consists
of open stretches of grasses and aquatics. The length of the surrounding
buffer is estimated to be 1,800 m. Mature spruce (Picea spp.) and aspen
(Populus tremuloides) surround 90 percent of the riparian buffer length.
Observed waterfowl include the occasional loon (Gavia immer) and two
pair of nesting mallards (Anas platyrhynchos). Northern pike (Esox lucius)
and white sucker (Catostomus commersoni), beaver (Castor Canadensis)
and muskrat (Ondatra zibethicus) are present in the lake. Water quality
sampling was collected off a floating dock on the west side of the lake
(430207.57 E, 5626138.24 N). Gammarus spp. were observed during water
sampling. Grayling Lake with its native fish population is the sample control.
Rose Lake (002). Rose Lake is a large permanent pothole lake (Stewart
and Kantrud 1971) located southeast of the town of Onanole (Figure 1b).
This lake is included in the Sunde and Barica (1975) aquaculture study
area and identified as lake 002. However, the lake’s geochemistry and
nutrient regimes were not examined in Barica’s 1975 study of 51 winter-kill
pothole lakes in the Erickson-Elphinstone District. Lake surface area is
calculated to be 155,499 m2. The estimated mean depth is 1.9 m (Barica
1975) and the estimated July 1, 2006 volume is 2,954 dam3 (Table 2). Rose
Lake is characterized as a large surface area, shallow depth pothole lake.
EPI was calculated to be 530, moderate potential. August 1994 aerial
photographs indicate no discernable streams entering the lake. Surface
elevation of Rose Lake is 615 m; the surrounding mean watershed divide
elevation was determined to be 618 m with relative relief of 3.0 m.
The mean riparian buffer zone surrounding Rose Lake is approximately
45 m wide; riparian buffer length was calculated to be 1,970 m. Sedges
(Carex spp.), rushes (Juncus spp., Scirpus spp.) and reeds (Typha spp.)
dominate the aquatics. A population of nesting Canada geese (Branta
canadensis) frequents the lake throughout the summer. Measurements
and samples were collected from the northwestern side of the lake. Spruce,
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pine (Pinus spp.) and aspen are the dominant tree species, which surround
60 percent of the lake. Thirty-three percent of the riparian buffer length
belongs to Lakewood Hills Golf Course. Beaver and muskrat have been
observed in this lake. There are no sport or game fish in Rose Lake, although
Sunde and Barica (1975) report the presence of fathead minnows
(Pimephales promelas) and brook stickleback (Culaea inconstans). The
sample location is found on the northwestern shore (431923.87 E, 5607646.24
N). Irrigated, nutrient rich runoff from the Lakewood Hills Golf Course may
be contributing to the eutrophication of Rose Lake. No runoff from the
town of Onanole enters the lake.
Sand Lake (011). Sand Lake is a large permanent pothole lake (Stewart
and Kantrud 1971) located 100 m east of Provincial Highway 10, 5 km north
of the town of Erickson (Figure 1b). This lake is included in the Sunde and
Barica (1975) aquaculture study area and is identified as lake 011. However,
the geochemistry and nutrient regimes of the lake were not examined in
Barica’s 1975 study. Surface area is calculated to be 541,521 m2 with an
estimated mean depth of 1.7 m and a volume of 8,989 dam3 (McGinn 2000).
The calculated EPI is 600, moderate potential. Aerial photographs (2.0 m
resolution) and on site verification indicate an intermittent second order
inlet stream (PSn = 2). Surface elevation of Sand Lake is calculated to be
611m with a maximum relative relief in the surrounding watershed of
approximately 14 m on the 1,000 m long east side and 2.0 m for the remainder
of the west buffer length.
Sand Lake receives surface runoff from the surrounding forest/
agricultural region. Six cottages/homes are located around the lake, four
on the east side ridge. The mean riparian buffer zone surrounding the lake
is estimated to be 55 m in width with a buffer length of 3,000 m. The buffer
zone consists of stretches and clusters of shrubs, grasses and trees.
Dominant trees include spruce, pine and aspen, which encompass 85
percent of the riparian buffer length. However, no large fish are present in
the lake; two-year old rainbow trout have to be summer stocked. Unharvested fish die over the winter. Beaver and muskrat have been observed
in the lake. A nesting pair of common loons feed upon the trout fingerlings.
Samples were collected from a dock on the western side of Sand Lake,
432377.76 E, 5603203.03 N. Gammarus spp. were observed during sampling.
Sand Lake serves as a water-ski recreational lake. Residential wastewater
and nutrient rich runoff from a small livestock operation might be
accelerating eutrophication processes in the lake.
Leda Lake (116). Leda Lake is a large permanent pothole lake (Stewart
and Kantrud 1971) located west of the town of Erickson (Figure 1b). This
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lake was included in the Sunde and Barica (1975) aquaculture study area
and identified as lake 116. Its geochemistry and nutrient regimes were not
examined in Barcia’s 1975 study. Lake surface area is calculated at 618,983
m2 and the mean depth is estimated to exceed 3.0 m. Consequently, the
estimated volume is 18,569 dam3 (Table 2). Large surface area and high
volume indicates an EPI of 333. The 1994 aerial photographs and site
verification indicate one seasonal first order inlet steam and three ‘first
order’ stormwater runoff drains from the town of Erickson (PSn = 4). Surface
elevation of Leda Lake is 609 m with a surrounding watershed divide
approximating 620 m.
Leda Lake receives surface runoff from the undulating agricultural
fields towards the north, west and south. Along the eastern shore,
stormwater runoff and surface drainage enter the lake directly from the
town of Erickson by way of three stormwater drainage channels. In
addition, the Erickson three-cell sewage lagoon system discharges a single
event June flush via an outlet channel into a small pothole lake (103) south
of Leda Lake and from there into Leda Lake. The mean riparian buffer
width is approximately 30 m. The surrounding riparian buffer length is
estimated to be 3,650 m and consists of stretches of immature aspen,
willows (Salix spp.) and open areas of grasses and aquatics. Approximately
30 percent of the buffer zone can be classified as aquatics, sedges and
reeds. Eighty percent of the buffer length consists of trees. Numerous
species of waterfowl such as Canada geese, mallards, teal (Anas spp.) and
coot (Fulica americana) have been observed on the lake and inhabiting
the riparian buffer zone. There are no sport or game fish in Leda Lake.
Water samples were obtained from the north side of Leda Lake, 434860.36
E, 5595193.17 N, 200 m northwest of Erickson’s major stormwater outlet.
KT Lake (008). KT Lake is a large permanent pothole lake (Stewart and
Kantrud 1971) found on the eastern side of Provincial Highway 10
approximately 5.5 km south of Erickson, Manitoba (Figure 1b). This lake is
included in the Sunde and Barica (1975) aquaculture study area and
identified as lake 008. Its geochemistry and nutrient regimes were not
examined in Barica’s 1975 study. Surface area is estimated to be 430,324 m2
with a mean depth greater than 3.0 m (Table 2). KT Lake has a large surface
area, is relatively deep and has a very large volume. The EPI is 333, low
potential. Aerial photographs indicate two first order streams and a single
second order intermittent stream entering the lake (PSn = 5). These
observations could not be verified in the field. The surface elevation of
the lake is 625 m with a watershed relative relief of 5.0 m.
KT Lake receives surface runoff from the surrounding agricultural
region to the north and east, while Provincial Highway 10 bends around
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the lake to the west. Field peas were grown along the east side of the lake
and a farmyard is located directly to the south. In 2006, no livestock were
held within the watershed. Surface drainage and stormwater runoff enter
the lake by overland flow and by three first order stream channels and one
second-order intermittent channel (PSn = 5). A 50 m wide riparian buffer of
4,300 m surrounds the lake. The shoreline is comprised of 70 percent
poplar (Populus tremuloides) and willow trees. No observable bare ground
was found within the buffer width. The dominant aquatic species include
reeds and sedges. Numerous species of waterfowl have been observed on
the lake and inhabiting the riparian buffer zone. A large flock of white
pelicans (Pelecanus erythrorhynchos) frequents the lake in the
summertime. There are no sport or game fish in KT Lake. Water quality
measurements and samples were collected from the southwest side of the
lake at 435575.89 E, 5588599 N. Minnows and gammarus scuds were
observed during water sampling. Direct runoff and shallow groundwater
discharge are derived from the solely agricultural watershed.
Soils in the study area:
The soils over the 21,000 hectare study area are classified as Dark
Grey Wooded, Grey Wooded and Degraded Black Meadow Soils developed
on a moderately calcareous till; medium textured lacustrine deposits, and
shaly gravel outwash deposits (Ehrlich et al. 1958). More recently, Eilers
and Lelyk (1990) describe these soils as Dark Gray Chernozems and
Luvisols. Specifically, the Erickson and Meadowbrook Series are naturally
fertile soils with good moisture retention capacity, a moderately good
reserve of organic matter, and a soil reaction favourable to plant growth
(Eilers and Lelyk 1990). The Waitville Series is also well-drained moderately
naturally fertile soil with moderate to high moisture holding capacity and
a soil reaction favourable to crop growth. The very well-drained Seech
Series exhibits very low moisture-retention capacity and low organic matter.
Low organic reserves make the Waitville and Seech soils responsive to
nitrogen fertilization (Eilers and Lelyk 1990). In the very poorly drained
depression sites (the potholes), Terric and Typic Mesisols composed
mainly of organic materials at an intermediate stage of decomposition are
common.
Agriculture is the primary land use in the study area; the most common
enterprises being mixed farming and ranching with feed grains, oil seeds
and forages. Residential, recreational and wildlife management areas are
other minor types of land use in the PPLR.
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The climate of the PPLR:
Normals. The climate of the PPLR is classified as humid continental (Dfb)
– severe winter; moist all seasons; short warm summer with a definite
summer precipitation maximum (Belke and McGinn 2003). The Wasagaming
meteorological station (Figure 1b) has recorded a mean January temperature
of –18ºC and a mean July temperature of 17ºC (Parsons and McGinn 1999).
Highest values for both the maximum and minimum monthly temperature
normals are recorded in July; lowest values in January (Parsons and
McGinn 1999). Normally there is a 79-day frost-free period from June 11 to
August 30 (Environment Canada 2006). Frosts however, have been
recorded in every month of the normal growing season. Lake ice forms in
late October with break-up normally taking place in May. The mean annual
total precipitation of the region is 476 mm (Environment Canada 2000).
Nearly 45 percent of this total falls as rain during the summer (June, July
and August), representing approximately twice the winter snowfall
accumulation (Parsons and McGinn 1999). Convectional activity is
responsible for a large proportion of the summer rainfall generally as high
intensity, short duration thunderstorms. Precipitation during the spring
and autumn months is significantly greater than that received during the
winter months but less than the summer rainfall totals.
May 1 to October 31 2006 Precipitation Regime. The 30-year normal
total accumulated precipitation recorded at the Wasagaming Climatological
station (Figure 1b) from May 1 to October 31 inclusive (the open-water
season) is 407.3 mm (Environment Canada 2006). In the 2006 open-water
period, 315.5 mm of precipitation accumulated at the Wasagaming site; 92
mm or 22.5 percent below normal (Figure 2). Most of the spring and summer
precipitation fell as convectional rain in approximately seven rainfall events
with two low pressure systems responsible for the September rainfalls
(Figure 2). Significant convective rainfalls (an accumulated total of 10 mm
or greater in 24 hours) occurred on May 24 (13 mm), May 28 (35.2 mm),
June 5 (10 mm), June 18 (11.2 mm), July 21 (13.8), August 11 (13.8 mm) and
August 24 (41.8 mm). September storms occurred from September 15 to 18
(49.2 mm) and September 24 to 28 (14.6 mm). On October 16, 12.2 mm of rain
and water equivalent snow accumulated in the study area. The largest
rainfall event occurred on August 24 to 25 when 43.0 mm accumulated in
48 hours. This amount was slightly less than the September 15 to 18
cyclonic storm (Figure 2).
Procedures and methodology:
The five pothole lakes were monitored for water chemistry from spring
thaw to freeze-up. Sampling began on April 26, 2006, following break-up

144

Prairie Perspectives (Vol. 11)

Figure 2: The May 1 to October 31, 2006 precipitation regime.
Source: Environment Canada, 2006

and during the spring freshet. Point water samples were collected from the
epilimnion and measured for temperature, pH, conductivity, total dissolved
solids (TDS), salinity and dissolved oxygen (DO). Ten dates (ordinal dates)
constitute the open-water sampling period: April 26 (ordinal date 116),
May 23 (143), June 8 (159), June 29 (180), July 26 (207), August 10 (222),
August 22 (234), September 14 (257), October 5 (278) and October 26 (299).
Winter ice cover formed on October 26.
Lake water samples were collected in 500 mL plastic bottles. Water
samples were stored at 5ºC until laboratory analysis could be conducted.
Total ammonia nitrogen, nitrate nitrogen and orthophosphate phosphorus
concentrations were analyzed in the laboratory within three hours of
sampling. Total phosphorus and total Kjeldahl nitrogen were analyzed in
the laboratory as soon as possible following the sampling date.
Onsite instruments:
The Hach SensIon5 Conductivity Meter was used to record water
temperature, electrical conductivity, total dissolved solids concentration
and salinity. The Hach HQ20 Luminescent Dissolved Oxygen/pH Meter
measured temperature, DO and pH.
Prior to preliminary sampling, instruments were calibrated and tested
for working order. Temperature was measured by taking the average of the
Hach SensIon5 Conductivity Meter and the HQ20 Luminescent Dissolved
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Oxygen/pH Meter. Both meters have a temperature range from –10ºC to
105ºC with an accuracy of ± 0.3ºC for temperatures from 0°C to 70ºC (Hach
2000a, 2003). Total dissolved solids (TDS) were measured on-site using
the Hach SensIon5 Conductivity Meter. The conductivity meter had a
range from 0 to 50,000 mg L-1 with an accuracy equal to ± 0.5 percent of full
scale (Hach 2000a). Electrical conductivity was measured using the Hach
SensIon5 Conductivity Meter which had a range from 0 to199, 900 µS
cm-1. The accuracy of the conductivity meter is ± 0.5 percent of the range
value. Salinity also was measured using the Hach SensIon5 Conductivity
Meter. The salinity range is equal to 0 to 42 ppt ± 0.1 and converted to
mg L-1.
The Hach HQ20 Luminescent Dissolved Oxygen/pH Meter measures
DO in two separate modes, namely milligrams per litre or percent saturation.
Metered DO concentrations range from 0 to 20 mg L-1 or from 0 to 199.9
percent saturation. Accuracy of the meter is ± 0.1 mg L-1 for 0–8 mg L-1
samples, and ± 0.2 mg L-1 for greater than 8 mg L-1 (Hach 2003). The Hach
HQ20 Luminescent Dissolved Oxygen/pH Meter also measured units of
pH. The pH mode has a range from –2.00 to 19.99.
Laboratory procedures and methodologies:
Hach DR 890 Colorimeter Spectrophotometer employs pre-stored
computer programs and established laboratory methodologies to analyze
nutrient concentration in water samples. Ion concentrations are recorded
in mg L-1. Accuracy checks using Hach standard solutions were performed
on the instrument. The DR 890 in combination with the Salicylate Reaction
Method (employing reagent powder pillow packs) was used to measure
the total ammonia nitrogen (NH3-N + NH4+ -N) concentration. This
instrument has a range of 0 to 0.5 mg L-1 and accuracy of ± 0.02 mg L-1
(Hach 2000b). Un-ionized ammonia or free ammonia nitrogen (NH3-N) was
calculated from the total ammonia nitrogen concentration, pH and water
temperature (Emerson et al. 1975). Nitrate nitrogen concentration (NO3- N) was evaluated using the Cadmium Reduction Method and the DR 890,
with a range of 0 to 5.0 mg L-1 and an accuracy of ± 0.02 mg L-1 (Hach
2000b). The Ascorbic Acid Methodology was employed with the DR 890
to estimate orthophosphate or reactive phosphorus ion concentration
(PO4— -P). Using this methodology, the instrument has a range of 0 to 2.5
± 0.03 mg L-1.
The DR 890 in combination with a digestahl apparatus and the Acid
Persulfate Method was employed to measure total phosphorus
concentrations. For this methodology, the instrument had a range of 0 to
5.0 ± 0.08 mg L-1. Total Kjeldahl nitrogen was evaluated using the Nessler
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Method, a digestahl apparatus and the DR 890, with a range of 0 to 150 mg
L-1 and accuracy of ± 2.0 mg L-1.
For samples where ion concentrations exceeded the detection limits,
the samples were diluted with deionized water and retested.

Results
Limnological regimes:
The temperature regimes. The 2006 open-water temperature regime for
the five sample lakes parallels mean ambient air temperatures (Figure 3a).
Generally, lake water temperatures increase throughout the late spring to
early summer season, reaching a maximum in late July, and then cool through
August, September and October. The winter ice cover formed on October
26 (ordinal date 299). Open-water temperatures exhibited a mean of 16.0oC
± 1.0oC and were generally within suggested trout habitat range for all
sample lakes (Table 1). Summer maximum water temperatures never exceeded
the lethal maximum of 29oC or the maximum recommended temperature of
26oC (Table 1).
The pH regimes. The sample pothole lakes recorded a mean open-water
pH of 8.76 ± 0.26 (Figure 3b). These value are slightly above the
recommended value (Table 1) but well below the lethal 9.8 pH units.
Generally, pH in four of the five sample lakes (Grayling Lake, Rose Lake,
Sand Lake and KT Lake) was moderately above neutral during the spring
freshet (≈8.6). Warming temperatures facilitate photosynthesis and
increase pH levels in these lakes to approximately 9.2 by late August
(Figure 3b). In the fall, bacterial decomposition releases potential energy
stored in chemical bonds of the organic carbon compounds. Oxidation of
these compounds consumes DO and releases carbon dioxide. The carbon
dioxide dissolves rapidly in the water forming carbonic acid ions and
carbonate ions. These newly created ions gradually buffer the pH. The
final sampling date recorded a mean pH value of 8.7.
The pH trend for Leda Lake was observed to decrease in the spring,
spike significantly in early June to a potentially lethal 9.8 and then decrease
into the fall (Figure 3b). Although not observed, it is possible that the June
29 spike in pH was initiated by a sewage overflow from the Erickson
lagoon cells generated by a storm on June 4 to 5.
The total dissolved solids, electrical conductivity and salinity regimes.
Total dissolved solids, electrical conductivity and salinity are proportional
measures of dissolved solids and ion concentrations (Hem 1985).
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Figure 3a: Open-water temperature regimes in the sample pothole lakes.

Figure 3b: Open-water pH regimes in the sample pothole lakes.
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Consequently, the TDS regime and trend parallel the electrical conductivity
and salinity trends.
The open-water seasonal TDS concentration regimes for the five
sample lakes are illustrated in Figure 4a. Specific values are found in Tables
3 to 7. Three general patterns emerged. In Rose Lake and Grayling Lake,
TDS concentrations are relatively constant throughout the sampling frame;
mean of 61.5 mg L-1. The TDS trends in KT Lake and Sand Lake were
observed to decrease following the spring freshet, peak in early August
and then, following a slight decrease, increase throughout the fall (Figure
4a). The third general pattern was common in Leda Lake and is described
as oscillating. Total dissolved solids concentration exceeded 260 mg L-1
throughout May and early June, declined in late June and remained
relatively constant throughout July (Table 6 and Figure 4a). TDS
concentrations spiked on August 10, exceeding 390 mg L-1, then declined
sharply through August and September only to spike a third time on
October 5 at 409 mg L-1 (Table 6 and Figure 4a).
The mean TDS concentration in the sample lakes was 170.1 mg L-1 ±
96.6 mg L-1 (Figure 4a). Individual mean TDS concentrations ranged from
61.1 ± 8.9 mg L-1 in Rose Lake (Table 4) to 180.5 ± 143.6 mg L-1 in Leda Lake
(Table 6). Leda Lake recorded the highest TDS concentration (409.0 mg
L-1 on October 5). With the exception of Leda Lake, maximum TDS values
never exceeded 205 mg L-1. Grayling, Rose and KT lakes registered fair
growth potential for stocked trout (TDS less than 100 mg L-1) whilst Sand
and Leda lakes recorded good to excellent growth potential. None of the
sample lakes recorded TDS concentrations indicative of toxic algal blooms.
Dissolved oxygen regimes. The open-water seasonal DO regimes for the
five sample lakes are illustrated in Figure 4b. In general, DO concentrations
were high following the spring freshet, decreased during June and July as
water temperatures warmed and then increased throughout the late summer
and fall (Figure 4b). The mean DO value for the five sample lakes was 8.54
± 1.58 mg L-1 (Figure 4b).
Rose Lake, Sand Lake and KT Lake recorded DO levels greater than
5.0 mg L-1 throughout the open-water season (Figure 4b). Grayling Lake
recorded a single DO measurement below 5.0 mg L-1 on July 26 (4.9 mg
L-1) (Table 3). Leda Lake recorded erratic readings throughout the sampling
period; a high of 17.0 mg L-1 on June 29 and a low of 0.9 mg L-1 on July 26
(Table 6 and Figure 4b). DO concentrations in the lake peaked again on
September 14 at 7.5 mg L-1 and then dropped to 2.3 mg L-1 on October 5. On
October 26, the final sampling date, dissolved oxygen concentrations in
the lake rose to 9.0 mg L-1 under a partial ice cover. Concentrations of DO
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Figure 4a: Open-water total dissolved solids concentration regimes in the sample
pothole lakes.

Figure 4b: Open-water dissolved oxygen regimes in the sample pothole lakes.

Table 3: Limnological parameters and nutrient concentration data: Grayling Lake.
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Table 4: Limnological parameters and nutrient concentration data: Rose Lake.
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Table 5: Limnological parameters and nutrient concentration data: Sand Lake.
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Table 6: Limnological parameters and nutrient concentration data: Leda Lake.
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Table 7: Limnological parameters and nutrient concentration data: KT Lake.
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in Leda Lake were generally below the critical sub-lethal/lethal value
throughout the summer and early fall (Figure 4b).
The nutrient regimes (lake specific):
Barica (1975, 26) noted that the nutrient regimes of pothole lakes in
the Erickson-Elphinstone region “vary considerably throughout the year
and are governed by biological processes taking place in both the winter
and summer.” Consequently, the results of the 2006 nitrogen and
phosphorus nutrient regimes and associated limnological parameters are
reviewed according to the specific sample lake.
Grayling Lake. In this study, Grayling Lake is considered a control lake.
Unlike the other sampled pothole lakes, Grayling Lake has a permanent
second order inlet stream and an operational outlet. The lake flushes.
There is little anthropogenic activity around the lake, no agriculture in the
lake watershed, no urban or rural development around lake shores and
minimal recreational use. A National Park picnic area and self-contained
washroom facility is located within 30 m of the lake. Some boat activity (no
motors) occurs on the lake. There is a native fish population in the lake.
Date specific limnological and nutrient parameters are summarized in
Table 3 and illustrated in Figures 3 to 7. Grayling Lake recorded a mean
water pH value of 8.47 ± 0.43 (Table 3), a value slightly outside the
recommended range but well below the lethal 9.8 pH units (Table 1).
Total dissolved solids concentration was constant throughout the
open-water season (mean of 62.0 ± 4.0 mg L-1), and provided fair growth
potential (Table 1). The maximum TDS concentration was recorded on
May 23 at 67.0 mg L-1 (Table 3).
Dissolved oxygen concentrations in the lake decreased as water
temperatures increased, then increased as temperatures cooled in the fall
(Figure 4b). The mean DO concentration was calculated to be 8.1 ± 1.5 mg
L-1, a value well above the sub-lethal/lethal limit of 5.0 mg L-1. However on
July 26, DO concentrations in the lake dropped to 4.9 mg L-1, the minimum
recorded value and to a sub-lethal/lethal level (Table 3). On this date, the
warmest lake water temperature was recorded.
The total ammonia concentration in Grayling Lake was relatively
constant ranging from 0.0 mg L-1 on September 14 and October 5 to a
maximum of 0.20 mg L-1 on June 29 (Table 3). The calculated mean
concentration was 0.09 ± 0.07 mg L-1. Total ammonia concentrations never
exceeded the 0.5 mg L-1 US EPA maximum concentration limit. On June 29
(180) and August 22 (234) however, un-ionized ammonia concentrations
(NH3-N) exceeded the Manitoba Conservation guideline of 0.02 mg L-1.
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Figure 5a: Open-water total ammonia concentrations in the sample pothole lakes.

Figure 5b: Open-water un-ionized ammonia concentrations in the sample pothole
lakes.
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Figure 6a: Open-water nitrate concentrations in the sample pothole lakes.

Figure 6b: Open-water orthophosphate concentrations in the sample pothole
lakes.
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Figure 7a: Open-water total phosphorus concentrations in the sample pothole
lakes.

Figure 7b: Open-water total Kjeldahl nitrogen concentrations in the sample pothole
lakes.
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Such concentrations are considered sub-lethal/lethal with respect to fish
and other aquatic organisms (Table 3).
Nitrate nitrogen concentrations were constant throughout the openwater season with a calculated mean nitrate ion concentration of 0.17 ±
0.10 mg L-1 (Table 3). Maximum concentrations occurred on May 23 and
August 22 (0.3 mg L-1) and the minimum on June 29 (0.0 mg L-1) (Table 3).
Throughout the sampling frame, nitrate nitrogen concentrations in the
lake never exceeded the Manitoba Conservation guideline of 10.0 mg L-1
(Figure 6a).
Orthophosphate (soluble reactive phosphorus) concentrations also
were relatively constant throughout the open-water season, ranging from
0.08 mg L-1 on October 26 to a high of 0.45 mg L-1 on July 26 (Table 3 and
Figure 6b). The mean PO4—- P concentration of the lake was 0.23 ± 0.13 mg
L-1 (Table 3). During this study, orthophosphate concentrations exceeded
the Manitoba Conservation recommended guideline of 0.025 mg L-1 on
every sampling date (Table 3). There appears to be no anthropogenic
source of phosphate other than a sealed washroom facility. Belke et al.
(2002) however, report that high concentrations of airborne soluble reactive
phosphate are being deposited in early winter snowfalls in Riding
Mountain National Park and Schindler et al. (1976) point out that
atmospheric concentrations of phosphorus can be very significant in lakes
with small drainage basins.
The mean total phosphorus concentration measured in Grayling Lake
was 0.35 ± 0.17 mg L-1 (Table 3). TP ranged from a minimum value of 0.09 mg
L-1 recorded on October 26 (299) to a peak of 0.60 mg L-1 on May 23 (143)
(Table 3 and Figure 7a). The US EPA recognizes total phosphorus
concentrations exceeding 1.0 mg L-1 in rivers and streams as a violation
level (Van der Leeden et al. 1990, 500, Table 7.7). Throughout the 2006
open-water season, Grayling Lake never exceeded the US EPA total
phosphorus violation level.
Total Kjeldahl Nitrogen (TKN) is defined as the sum of the organic
nitrogen compounds and total ammonia. Since organic nitrogen may be
dissolved or suspended particulate matter in water, concentrations are
susceptible to extreme agitation. Consequently, local high velocity winds
with gusts exceeding 30 km h-1 can initiate mixing and sediment resuspension resulting in increasing TKN concentrations. TKN
concentrations in all the sample pothole lakes declined from spring highs
to near zero on July 26, then spiked significantly on August 22 to levels of
160 to 200 mg L-1 and returned to near the mean concentration by mid
September. Two days before the August 22 spike, mean winds of 20 to 30
km h-1 from the northwest with gust to 37 km h-1 were recorded at the
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Wasagaming Climatological station and a funnel cloud was reported west
of Clear Lake (Environment Canada 2006).
TKN concentrations in Grayling Lake ranged from 0 mg L-1 on July 26
(207), August 22 (234), October 5 (278) and October 26 (299) to 175 mg L-1
on September 14 (257). It is worth noting that the August 22 wind generated
spike characteristic of the other sample lakes did not occur in the forestsurrounded Grayling Lake.
In Grayling Lake, where a native fish population survives, water quality
and habitat conditions generally meet the recommendations summarized
in Table 1.
Rose Lake. The Rose Lake watershed consists of large wetlands and
marsh zones to the south, and a steep slope to the north and east. Two
residents are located on the western bay. There is no apparent agricultural
runoff entering the lake. Instead, the primary anthropogenic impact is
associated with the Lakewood Hills Golf Course, which lies to the north
and east of the lake along one-third of the riparian buffer length. Buffer
width in this region is approximately 10 m. The other two-thirds of riparian
buffer length is surrounded mainly by tree species and wetlands. No boating
activity occurs on the lake although the shore residents own canoes.
Table 4 summarizes the limnological and nutrient parameters recorded
for Rose Lake. The calculated mean water temperature was 17.2°C ± 6.8°C
and the maximum temperature of 24.5°C was recorded on July 26 (Table 4).
Mean water pH was 8.55 ± 0.19. This value is slightly outside the
recommended range but well below the lethal 9.8 pH units (Table 1). Water
temperatures and pH are favourable for stocked rainbow and hybrid trout
habitat.
Total dissolved solids concentration was generally constant
throughout the 2006 open-water season registering a mean of 61.1 ± 8.9
mg L-1 and providing fair growth potential (Table 1). The maximum TDS
concentration was recorded on October 26 at 75.9 mg L-1 (Table 4).
Dissolved oxygen concentrations in Rose Lake ranged from 8.4 mg
L-1 to 12.0 mg L-1 (Table 4). The open-water mean concentration was 9.9 ±
1.2 mg L-1 with the maximum DO concentration recorded on October 26
(12.0 mg L-1). DO concentrations were above 5.0 mg L-1, the sub-lethal/
lethal critical level for fish and other aquatic organisms, throughout the
open-water season (Figure 4b).
During the open-water season, total ammonia concentrations in Rose
Lake never exceeded the 0.5 mg L-1 US EPA standard, and toxic free ammonia
never exceeded the 0.02 mg L-1 Manitoba Conservation guideline (Figures
5a and 5b). Total ammonia measurements in the lake ranged from 0.0 mg
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L-1 on September 14 and October 5 to 0.31 mg L-1 on April 26 (Table 4).
Mean total ammonia concentration was 0.07 ± 0.09 mg L-1 with the mean
un-ionized ammonia concentration calculated at 0.1 mg L-1 (Table 4).
Rose Lake recorded a maximum nitrate nitrogen concentration on
September 14 (0.40 mg L-1) and a minimum on May 23 (0.10 mg L-1) (Table
4). The mean NO3--N concentration in the lake was 0.24 ± 0.11 mg L-1.
Nitrate nitrogen concentrations never exceeded the Manitoba Conservation
guideline of 10.0 mg L-1 during the 2006 open-water season.
Orthophosphate phosphorus concentrations in Rose Lake ranged
from 0.08 mg L-1 on May 23 to 0.54 mg L-1 on July 26 (Table 4). The mean
water PO4—-P concentration was 0.25 ± 0.16 mg L-1. Orthophosphate
phosphorus concentrations in the lake exceeded the recommended
guidelines on every sampling date (Figure 6b).
Rose Lake recorded a mean total phosphorus concentration of 0.59 ±
0.79 mg L-1 and exceeded the US EPA total phosphorus violation levels on
July 26 (1.70 mg L-1) and August 22 (2.00 mg L-1) (Table 4 and Figure 7a).
Storm runoff from Lakewood Hills Golf Course following rainfall events
may have contributed to the phosphorus violation concentrations.
Total Kjeldahl Nitrogen concentration regime in Rose Lake followed
the general trend for all sample pothole lakes. TKN concentrations ranged
from 0 mg L-1 on June 8 (159), July 26 (207), September 14 (257) and October
26 (299) to 156 mg L-1 on August 22 (234) (Table 4 and Figure 7b). A
significant spike occurred on August 22 (Table 4).
In Rose Lake, water quality and habitat conditions meet the
recommendations for stocking rainbow and hybrid trout. Electromechanical-pneumatic aeration during the ice-cover season is required.
Sand Lake. Sand Lake receives surface runoff from the surrounding forest
region and has a documented sub-surface spring (McGinn 2000). Six
cottages/homes are located around the lake, four of which are on the steep
eastern shoreline. A farmstead including livestock is located in the headwater
region of the intermittent inlet stream and cropped fields contribute
overland flow runoff to the southern shore. Sand Lake is used for water
skiing.
Limnological and nutrient parameters recorded for Sand Lake are
summarized in Table 5 and the specific regimes illustrated in Figures 3 to 7.
Water temperatures parallel mean ambient air temperature. The maximum
water temperature was measured on July 26 at 24.3°C (Table 5); the mean
water pH value was 8.91 ± 0.39. Water temperatures and pH are favourable
for rainbow and tiger trout stocking.
Total dissolved solids concentration during the open-water season
was variable, increasing through May, declining in June and relatively
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constant throughout July (Figure 4a). TDS spiked on August 10 to a
concentration of 114.8 mg L-1 (Table 5 and Figure 4a). The mean TDS
concentration was 105.8 ± 50.0 mg L-1 (Table 5) and provided good growth
potential (Wiley 2006).
Dissolved oxygen concentrations in Sand Lake ranged from 7.3 mg
L-1 to 11.9 mg L-1 with a calculated mean DO concentration of 9.1 mg L-1
(Table 5). DO concentrations were above sub-lethal/lethal critical level
established by US EPA and Manitoba Conservation throughout the openwater season (Figure 4b).
Mean total ammonia concentration in Sand Lake was 0.27 ± 0.27 mg
L-1, ranging from 0.01 mg L-1 on September 14 and October 5 to 0.62 mg L1
on June 29 (Table 5). During the open-water season, total ammonia
concentrations in the lake exceeded the 0.5 mg L-1 US EPA limit during the
freshet and early summer. Un-ionized ammonia (NH3-N) exceeded the
Manitoba Conservation (2002) guideline from the beginning of the study
until September 14. Ammonia sources are probably associated with the
septic systems attached to the six residences and farmstead (barnyard)
runoff.
Mean nitrate nitrogen concentration in Sand Lake was 0.24 ± 0.14 mg
L-1 (Table 5). The maximum NO3--N concentration was measured on July 26
(0.4 mg L-1) with the minimum recorded on September 14 (0.0 mg L-1) (Table
5). Nitrate nitrogen concentrations in the lake never exceeded the Manitoba
Conservation guidelines on any sampling date (Figure 6a).
Orthophosphate (PO4— -P) concentrations ranged from 0.0 mg L-1 on
May 23 to 0.55 mg L-1 on July 26 with a mean concentration of 0.36 ± 0.18
mg L-1 (Table 5). Orthophosphate phosphorus concentrations in Sand
Lake exceeded the recommended guidelines on every sampling date, except
May 23 (Figure 6b).
Sand Lake recorded a mean water total phosphorus concentration of
0.33 ± 0.28 mg L-1 (Table 5). TP concentrations ranged from 0.0 mg L-1 to
0.90 mg L-1 (Table 5) and did not exceed the US EPA total phosphorus
violation levels at any time throughout the sampling period (Figure 7a).
Total Kjeldahl Nitrogen concentration regime followed the general
trend for all sample pothole lakes. TKN concentrations ranged from 0 mg
L-1 on July 26 (207) and October 26 (299) to 175 mg L-1 on August 22 (234)
when a significant spike was recorded (Figure 7b).
While the temperature, TDS and DO open-water regimes favour trout
rearing water quality and habitat, Sand Lake has periodic sub-lethal spikes
in pH and concentrations of un-ionized ammonia during the summer. The
high concentrations of soluble reactive phosphorus and total phosphorus
in combination with shallow depth could result in the growth of toxic algal
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blooms during heat spells. Consequently, the hypereutrophic lake is not
suitable for trout stocking.
Leda Lake. Leda Lake derives its water from snowmelt and natural runoff
and multiple anthropogenic sources. Natural and agricultural runoff enters
the lake from the west and south. Stormwater runoff from the town of
Erickson drains directly into Leda Lake. Sewage lagoons located to the
south of Erickson are periodically drained and/or accidentally overflow
into Leda Lake through a system of wetlands, pothole lake 103 and a first
order inlet stream. No boating activity occurs on Leda Lake.
Table 6 summarized the limnological and nutrient parameters recorded
for Leda Lake. The calculated mean temperature for the 2006 open-water
season was 14.5 ± 6.3°C and the maximum water temperature occurred on
July 26, 21.8°C (Table 6). The pH regime for Leda Lake was observed to
decrease in the spring, spike significantly in June to a potentially lethal 9.8
and then decrease into the fall (Figure 3b). Mean pH was 8.77 ± 0.47 pH
units.
Total dissolved solids concentration was variable throughout the
open-water season (Figure 4a). The mean TDS concentration was 180.5 ±
143.6mg L-1, good growth potential and the maximum concentration of
409.0 mg L-1 recorded on October 5 (Table 6).
Dissolved oxygen concentrations in the lake also fluctuated
throughout the open-water season, recording a high of 17.0 mg L-1 on
June 29 and a low of 0.9 mg L-1 on July 26. The mean DO concentration in
Leda Lake was 6.0 ± 5.0 mg L-1. DO concentrations less than 5.0 mg L-1
were measured on July 26, August 10, August 22, and October 5 (Figure
4b).
During the open-water season total ammonia concentrations in the
lake never exceeded the 0.5 mg L-1 US EPA standard. However, toxic free
ammonia (NH3-N) equalled or exceeded the Manitoba Conservation
guideline on July 26 (207), August 22 (234) and October 26 (299) (Figure
5b). Total ammonia concentration ranged from 0.01 mg L-1 on September 14
to 0.20 mg L-1 on October 26 (Table 6). The mean total ammonia concentration
was 0.12 ± 0.06 mg L-1 (Table 6).
Leda Lake recorded a maximum nitrate nitrogen concentration on June
8 (0.4 mg L-1); the minimum concentration was measured on June 29 and
July 26 (0.15 mg L-1) (Table 6). NO3- -N concentrations never exceeded the
Manitoba Conservation guidelines (Figure 6a).
Orthophosphate concentrations in Leda Lake were variable, ranging
from 0.19 mg L-1 on June 29 to a high of 1.18 mg L-1 on June 8 (Table 6 and
Figure 6b). Mean PO4— -P concentration in Leda Lake was 0.50 ± 0.31 mg
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L-1 and date specific concentrations were significantly higher than the
recommended 0.025 mg L-1limit throughout the sampling period (Figure
6b).
Mean total phosphorus concentration measured in the lake was 0.80
± 0.95 mg L-1. The highest TP concentration of 3.10 mg L-1 occurred on
September 14 (Table 6 and Figure 7a). On this date, Leda Lake exceeded
the US EPA total phosphorus violation level (Figure 7a).
Total Kjeldahl Nitrogen concentrations ranged from 9 mg L-1 on July
26 (207) to 190 mg L-1 on August 22 (234) (Table 6). Relatively high
concentrations were recorded in May, June and August with low
concentrations in the summer months of July, September and October
(Figure 7b).
Variability in the DO concentration, TDS concentration and pH may
be associated with sewage lagoon releases, and urban stormwater runoff.
Belke and McGinn (2003) found spikes in soluble reactive phosphorus
and total ammonia associated with agitated water releases from a sewage
lagoon.
Leda Lake is hypereutrophic (TP>0.096 mg L-1; Carlson 1977) and has
periodic sub-lethal spikes in pH, concentrations of un-ionized ammonia
and lethal DO concentrations during the summer. The high concentrations
of soluble reactive phosphorus and total phosphorus could result in the
growth of toxic algal blooms during heat spells. Consequently, the lake is
not suitable for trout stocking.
KT Lake. KT Lake receives surface runoff from the surrounding agricultural
region to the north and east. Provincial Highway 10 bends around the lake
to the west (Figure 1b). There are no livestock held in the watershed and
there is no boating activity on the lake. Table 7 summarizes the limnological
and nutrient parameters recorded for the lake.
Water temperatures parallel mean ambient air temperature (Figure 3a).
The mean water temperature during the open-water season was 16.5°C ±
6.6°C with the maximum water temperature of 24.0°C occurring on July 26.
KT Lake recorded a mean lake water pH value of 9.10 ± 0.36. Maximum pH
occurred on August 22 at 9.66 pH units (Table 7). Water temperature and
pH in KT Lake are tolerable for rainbow and tiger trout habitat.
Recorded total dissolved solid concentrations values in the lake were
relatively consistent throughout the open-water season registering a mean
of 73.6 ± 15.1 mg L-1 (Table 7 and Figure 4a) and providing fair growth
potential for stocked trout (Wiley 2006).
Measured DO concentrations in the lake increased in the spring and
summer and decreased into the fall. Mean DO concentration was 9.6 ± 1.0
mg L-1, ranging from 8.2 mg L-1 on May 23 to 11.2 mg L-1 on June 29.
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Measured DO concentrations in KT Lake were above sub-lethal/lethal
critical level of 5.0 mg L-1 throughout the open-water season (Figure 4b).
During the open-water season, total ammonia concentrations in the
lake never exceeded the 0.5 mg L-1 US EPA limit. However, free (un-ionized)
ammonia (NH3-N) equalled or exceeded the Manitoba Conservation
guideline (0.02 mg L-1) in June (Figure 5b).
In KT Lake, nitrate nitrogen concentrations never exceeded the
Manitoba Conservation guidelines (Figure 6a). The mean NO3--N
concentration in KT Lake was 0.20 ± 0.15 mg L-1; the maximum concentration
of 0.45 mg L-1 was recorded on October 5 with the minimum concentration
of 0.05 mg L-1 on July 26 (Table 7).
Orthophosphate phosphorus concentrations ranged from 0.36 mg
L-1 on May 23 to high of 1.13 mg L-1 on June 29 and the calculated mean
concentration was 0.65 ± 0.25 mg L-1 (Table 7). PO4— - P concentrations in
KT Lake were greater than Manitoba Conservation’s recommended
guidelines on every sampling date (Figure 6b).
Total phosphorus ranged from a minimum value of 0.40 mg L-1 recorded
on May 23 to the peak of 1.58 mg L-1 measured on October 26. The mean
total phosphorus concentration measured in the lake was 0.90 ± 0.44 mg
L-1. KT Lake equalled or exceeded the US EPA total phosphorus violation
level (1.0 mg L-1) on June 29, July 26, October 5 and October 26 (Figure 7a).
Total Kjeldahl Nitrogen concentration regime in KT Lake followed the
general trend for all of the sample pothole lakes. The mean TKN
concentrations in the lake was 62 ± 64 mg L-1. TKN ranged from 0 mg L-1 on
July 26 and October 26 to 164 mg L-1 on August 22. Three significant
spikes occurred; June 29, August 22 and October 5 (Figure 7b).
Water temperatures, total dissolved solids and DO concentrations
favour trout stocking in KT Lake. However, a relatively high pH, periodic
spikes in alkalinity and sub-lethal concentrations of un-ionized ammonia
during the summer, are detrimental to fish stocking. High concentrations
of soluble reactive phosphorus and total phosphorus could result in the
growth of toxic algal blooms during heat spells. This hypereutrophic lake
is marginally suitable for fish stocking. Cyclic summer aeration may alleviate
adverse water conditions and prevent the growth of toxic algal blooms.
Winter aeration is required during the ice-cover season.
Comparative statistical analysis:
The Wilcoxon Matched-Pairs Signed-Ranks Test was used to compare
the seasonal trend in three critical limnological parameters (pH, TDS and
DO) and four nutrient regimes (total ammonia, nitrate, orthophosphate
and total Kjeldahl nitrogen) in the sampled pothole lakes. The Null
Hypothesis (H0) stated that there is no significant difference (α = 0.05) in
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the specified regime (e.g., TDS) between selected lakes (e.g., Rose Lake
and Sand Lake).
Results of the Wilcoxon matched-pairs signed-ranks test:
Table 8 summarizes the results of the 70 Wilcoxon matched pairs
signed ranks tests for Grayling Lake, Rose Lake, Sand Lake, Leda Lake and
KT Lake. There was no significant difference in any of the seven tested
regimes (pH, TDS, DO, NH4+-N, PO4— -P, NO3--N and TKN) between Rose
Lake and Grayling Lake (Table 8). These two lakes are limnologically the
same. Similarly, there is no significant difference between the seven tested
regimes in Sand Lake and Leda Lake, and Leda Lake and KT Lake (Table 8).
In KT Lake, a significantly greater orthophosphate (PO4— -P) concentration
occurs than was measured in Sand Lake (Table 8). Otherwise, KT Lake and
Sand Lake also are limnologically the same.
While Grayling Lake and Rose Lake have statistically similar
limnological and nutrient regimes both lakes differ limnologically from
Sand Lake, Leda Lake and KT Lakes with respect to at least two and as
many as five of the measured parameters (Table 8). Sand, Leda and KT

Table 8: Results of the Wilcoxon matched-pairs signed-ranks test.
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lakes have significantly greater soluble reactive phosphorus concentrations
than either Rose Lake or Grayling Lake (Table 8). In addition, Sand Lake
contains significantly more total ammonia, Leda Lake higher concentrations
of total Kjeldahl nitrogen and KT Lake is significantly more alkaline (higher
pH) than Rose and Grayling Lake (Table 8).
The results of the Wilcoxon test indicate that of the permanent pothole
lakes, Rose and Grayling Lake have statistically similar limnological and
nutrient regimes. Sand, Leda and KT lakes, while limnologically different
than Grayling and Rose lakes, can be grouped as having statistically similar
limnological and nutrient regimes.

Summary
Rainbow and tiger trout species have become the preferred species
for stocking small shallow polymictic, eutrophic lakes subject to winterkill and periodic summer-kill. Electro-mechanical-pneumatic aeration during
the ice-cover season is required and periodic summer aeration/agitation
may be required to offset summer nutrient loading and temperature induced
stress on the fish population by breaking up anaerobic strata.
This study examines the limnological and nutrient regimes of four
potential sport fishery pothole lakes in the Prairie Pothole Lake Region
(PPLR) of southwestern Manitoba. Four pothole lakes and a control lake
were sampled on 10 separate dates throughout the open-water season in
2006. On-site instruments recorded seasonal trends in seven limnological
parameters and samples were collected for laboratory analysis. In the
laboratory, five macronutrient regimes were analyzed.
Seasonal observations in the five lakes suggest that an accumulation
of nutrients and organic biomass accompanied by increased levels of
productivity occurs in the wetlands and shallow kettle-hole depressions
south of Riding Mountain National Park.
Water quality and habitat conditions in Rose Lake were statistically
similar to those of the control lake and meet the recommendations for
stocking of rainbow and tiger trout. In Sand, Leda and KT lakes, however,
high concentrations of soluble reactive phosphorus and total phosphorus
could result in the growth of toxic algal blooms during heat spells. Cyclic
summer aeration is required to alleviate adverse water conditions and
prevent the growth of toxic algal blooms.
Sand Lake has periodic sub-lethal spikes in pH and concentrations of
un-ionized ammonia during the summer. Consequently, Sand Lake may
support summer stocking of rainbow trout for local harvest, but is not
suitable for a trout sport fishery.
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Leda Lake is hypereutrophic and has periodic sub-lethal spikes in pH,
concentrations of un-ionized ammonia and lethal dissolved oxygen
concentrations during the summer. Leda Lake is not suitable for trout
stocking.
Water temperatures, TDS and DO concentrations favour trout stocking
in KT Lake. However, a relatively high pH and periodic spikes in alkalinity
and sub-lethal concentrations of un-ionized ammonia during the summer,
are detrimental to fish stocking. Consequently, KT Lake while marginally
suitable for fish stocking cannot be recommended as a sport fishery lake.
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