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LakeWatch has several important objectives, one of which is to colledhtargret
water quality data fromAlbertaQ Bakes. Equally important iglecating lake users
about aquatic environmerg, encouraging public involvement in lake management,
and facilitating cooperation and partnerships between government, industry, the
scientific commuity and lake users. LakeWatatports are designed to summarize
basic lake dataniunderstandable terms for the wideatidience and are not meant

to be a completesynopsis of information about specific lakes. Additional information
is available for many lakes that have been included in Lake\Watah readers
requiring more information are encouraged to seek those sources.

ALMS would like to thank all who exprdsy G SNB &ad Ay ! £t 6 SNIi I Qa I lj dz
and particularly those who have participated in thakeWatch program. These

leaders in stewardshigive us hope that our water resources will not be the limiting

factor in the health of our environment.

If yourequire data from this report, please contact ALMS for the raw data files.
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MARIE LAKE

Marie Lake is located in the Beaver River
Watershedand lies approximately 26 km northeast
of the Town of Cold Lake, in the central mixed woc
natural subregion of AlbertaMarie Lake is named
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lota) prevalet throughout most of Albertd.The
Cree arrived in the late eighteenth century during
the growth of the fur trade via a popular trade route
from Waterhen, Saskatchewan. Their arrival
resulted in the displacement of the Beaver,
Blackfoot, and Slavey tribésat were common in
the area? Marie Lake is over 2@ deep (Figure 2)
with a slow flushing rate (a residence time of 14.5
years). It is mesotrophic and has a small littoral zo
for its surface area of 36 Km

Marie LakePhoto by: Randi Newton 2@

Bathymetric map of Marie Lake (Alberta Environment)

The shoreline is primayilsandy with
macrophytes &quatic plants) limited to a
couple areas. A large macrophyte bed is
located along the west shore stretching
towards the north, and another lies on the
western edge of the south bay. Macrophyte
beds ae dominated by bulrush, pondweed,
and northern watermilfoil . The low
productivity of the shoreline does not provide
suitable habitat for sersaiquatic wildlife;
however, the macrophytes beds are very
important for maintaining a productive
fishery. Sportigh include lake whitefish,
walleye, northern pike, yellow perch, and

burbot.

The watershed area for Marie Lake is 396.52 &nu the lake area is 37.39 KnThe lake to
watershed ratio of Marie Lake is 1:11. A map of the Marie Lake watershed area can be found at
http://alms.ca/wp-content/uploads/2016/12/Marie.pdf

I Nat. Regions Committee, 2006. Nat. Regions and Subregions of AB. Compiled by D.J. Downing and WW

Pettapiece. GoA Pub. No. T/852

2 Mitchell, P. and E. Prepas. 1990. Atladlbkerta Lakes,

http://sunsite.ualberta.ca/projects/albertdakes/

University of Alberta Press. Retrieved from



METHODS

Profiles Profile data ismeasured atthe deepest spot in the main basin of the lake. At the profile site,
temperature, dissolved oxygen, pH, conductivity and redox potential are measured atl@5m intervals.
Additionally, Secchi depth is measured at the profile site and used to cadblatuphoticzone For select
lakes metals are collected at the profile sitg hand grab from the surface on one visit over the season.

Composite sampled#t 10-sites across the lake, water is collected from the euphotic zone and combined across
sites into one composite sample. Thiater is collected for analysis of water chemistry, chlorophyhutrients

and microcystinQuality control (QC) data for total phosphorus was taken as a duplicate true split on one
sampling date. ALMS uses the followaagredited labs for analysis: Routine water chemistry and nutrients are
analyzed by Maxxam Analytics, chloropfadind metals are analyzed by Innotech Alberta, and microcystin is
analyzed by the Alberta Centre for Toxicology (ACTF).

Invasive Species Invasive mussel monitoring involvedmpling with &3> Y LJt | Y htihgeg sayipghi

sites twice through the summer season to determine the presence of juvenile dreissenid mussel veligers.
Technicians also harvested potential Eurasian watermilityriophyllum spicatumyamples and submitted

them for further analysis at the Alberta Plant Health Lab to genetically differentiate whether the sample was

the invasive Eurasian watermilfoil or a native watermilfoil. In addition, select lakes were subgedtidblitz,
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Data Storage and AnalysiPata is stored in the Water Data System (WDS), a module of the Environmental
Management System (EMS) run by Alberta Environment Rentts (AEP). Data goes through a complete
validation process by ALMS and AEP. Users should use caution when comparing historical data, as sampling
and laboratory techniques have changed over time (e.g. detection limits). For more information on data
storage, see AEP Surface Water Quality Data Repows\av.alberta.ca/surfacevater-quality-data.aspx

Data analysis is done using thegram R Data is reconfigured using packages titlgnd dplyr® and figures

are produced using the package ggpldtZ2Trophic status for each lake is classified based on lake water
characteristics using values from Nurnberg (1998heCanadian Council for Ministers of the Environment
(CCME) guidelinesrfthe Protection of Aquatic Life are used to compare heavy metals and dissolved oxygen
YSIFada2NEYSyiad t SINAR2YQa / 2NNBtlFGA2y GSada +FNB dzaSR
chlorophylta, total kjeldahl nitrogen (TKN) and Secchi depttoviding a correlation coefficient (r) to show the
strength (61) and a pvalue to assess significance of the relationsFipr. lakes with >10 years of long term
data, trend analysis is done with n@arametric methods. The seasonal Kendall test estiséte presence

of monotonic (unidirectional) trends across individual seasons (months) and is summed to give an overall trend
over time. For lakes that had multiple samplings in a single month, the value closest to the middle of the month
was used in anadjs.

1R Core Team (2016). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. URbttps://www.R-project.org/.

2Wickman, H. and Henry, L. (201)A R&@ NY 9l d&Af & ¢ARe& 51 ¢ A iRKpatkageeBibnfR0.78. 0Q I yF
https://CRAN.Rroject.org/package=tidyr

3Wickman, H., Francois, R., Henry, L. and Muller, K. (28(dly}j: A Grammar of Data ManipulatioR. package version 0.7.4.
http://CRAN.Rproject.org/package=dplyr

4Wickham, H. (2009). ggplot2: Elegant Graphics for Data Analysis. S{uartgey New York.

SNurnberg, G.K. (1996). Trophic state of clear and colored; aoft hardwater lakes with special consideration of nutrients,

anoxia, phytoplankton and fish. Lake and Reservoir Management 1244732



http://www.alberta.ca/surface-water-quality-data.aspx
https://www.r-project.org/
https://cran.r-project.org/package=tidyr
http://cran.r-project.org/package=dplyr

BEFORE READING THEBGR,TCHECK
OUTABRIEANTRODUCTION TO
LIMNOLOGAT ALMEA REPORTS

WATER CHEMISTRY

ALMS measures a suite of water chemistry parameters. Phosphorus, nitrogen, catatophylta are
important because they are indicators of eutrophication, or excess nutrients, which can lead to harmful
algal/cyanobacteria blooms. One direct measure of harmful cyanobacteria blooms are Microcystins, a
common group of toxins produced lmyanobacteria See Table for a complete list of parameters.

Total phosphorus (TP) in Marie Lake had an average concentratidr~08 in R019, putting it in the
mesotrophic trophic classification (Table 2). TP was relatively constant throughcsurttaer, fluctuating
by only 4> 3 g~[gure 1).

ChlorophyHa concentrations remained low over the course of the summer, with an average concentration of
40> 3k [ 9XTAble2)1 Mhis puts Marie Lake in the mesotrophic trophic status class. A maximum
concentration o7.5> 3k [ ¢ a OclBbeOki§ure 12 v

Marie Lake had an average TKN concentratiob'®fng/L over dur sampling dates in 2@1(Table 2)Like TP,
TKN was relatively consistent over the course of the sefSigare 1).

Average pH measured 8s34in 2019, buffered by moderate alkalinity (D4ng/L CaCg¢) and bicarbonate @8
mg/L HCE). Aside from bicarbonate,afcium wasthe only dominanténs contributing to a relatively low
conductivity measure of Z5>S/cm (Table 2).


https://alms.ca/wp-content/uploads/2017/11/Lakewatch-Report-Limnology-Section.pdf
https://alms.ca/wp-content/uploads/2017/11/Lakewatch-Report-Limnology-Section.pdf
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Figure 1Total Phosphorus (TP), Total Kjelddtlitogen (TKN), and Chlorophgitoncentrations
measured four times over the course of the summeMatrie Lake 2019

METALS

Sampes were analyzed for metals once throughout the summer (Table 3). In totam@fals were sampled
for. It should be noted thatmany metalsare naturally present in aquatic environments due to the weathering
of rocks and may only become toxic at higher levels.

Metals were measured oncat Marie Lakein 2019and all measured values fell within their respective
guidelines (Table 3).



WATER CLARITY AND SECHI DEPTH

Water clarity is influenced by suspended materials, both living and dead, as well as dissolved colored
compounds in the water column. During the melting of snow and ice in spring, lake water can become turbid
(cloudy) fram silt transported into the lake. Lake water usually clears in late spring but then becomes more
turbid with increased algal growth as the summer progresses. The easiest and most widely used measure of

lake water clarity is the Secchi depth. Two times tBecchdepth equals the euphotic depth the depth to
which there is enough light for photosynthesis.

Average Secchi depth #8019was3.98m, classifyindViarie lake as mesotrophic, or moderately productive
(Figure 2). A maximum Secchi deptfbd m was recorded on July?, but Secchi depth remained relatively
constant throughout the sampling season.
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Figure 2Secchi depth values measured fdimes over the course of the summer Mdtrie Lake i2019



WATER TEMPERATURE AND DISSOLVBRXYGEN

Water temperature and dissolved oxygefDO) profiles in the water column can provide information on
water quality and fish habitat. The depth of the thermocline is important in determining the depth to which
dissolved oxygen from the surface can bexed. Please refer to the end of this report for descriptions of
technical terms.

Marie Lake water temperatures varied throughout the summer (Figure 3a). A maximum temperafie of
°Cwas observed on August 13. Given that Marie Lake is quite desgadhed thermal stratification on all
sampling visitsaside from October Awith the thermocline deepening as the surface water warmed over the
course of the summer.

Marie Lake remained well oxygenated at the surface throughout the summer, measudng e Canadian
Council for Ministers of the Environment guidelines of 6.5 mg/L for the Protection of Aquatic Life (Figure 3b).
Marie reached anoxic conditions at the bottamJuly August and OctoberThis could be due to the separation

of atmospheric oxygen from the surface by way of thermal stratification.

Figure 3a) Temperature (°C) and b) dissolved oxygen (mg/L) profiléddoie Lake measured four time:
over the course of the summer of 201



