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1. Introduction:  Alg al Bloom Trends in Ontario

Climate change and other stressors have resulted in algal blooms becoming more
frequent, occurring earlier in the year and persisting for longer periods of time. This is a
trend reported in the literature and on government websites.

White Lake is now at capacity which means that any additional input of nutrients makes
it more likely that algal blooms will occur. White Lake is a shallo w warm water lake and
thus is more vulnerable than most lakes in Ontario to both natural and man -made
pressures.We need to do our part in controlling and reducing our impact on

White Lake , especially when other stressors not under our control are intensifying.

This means maintaining a healthy shoreline, respecting setbacks for building projects,
maintaining septic systems and reducing boat wakes and other disturbances to the
shoreline and near-shoreline sediments. All of these actions will reduce the amount of
nutrients entering the lake at the very locations where zebra mussels are active.

2. White Lake Algal Blooms : 1860t 0 1976

It has been mentioned on several occasions at public forums that in the past there were
regular lake-wide algal blooms. These comments may be validput they do not imply that

algal blooms in White Lake define its natural state, and that more recent blooms are
nothing to be concerned about.

These comments stem fromanecdotal reports before and during the 1970s of regular algal
blooms on White Lake. These blooms are reported in the literature and require a more
rigorous analysis of facts when comparing them to more recent algal blooms.
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There are several factors which at that time resulted in algal blooms. These include:

1. Water Regimei water levels over the summer months.
General use of phosphate detergents and related products

Poor performance of existing septic or other waste disposal systems

Commercial logging in earlier decades contributed to the nutrient load in lake
water and lake sediments. This input stimulated large algal blooms, which are
recorded in the sediments and revealed by paleolimnological studies of White
Lake.

o

Below is a graph showing the varying water level regimes that MNRF 1 has applied to
White Lake:

‘White Lake Water Level Rule Curves
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The data used for the above graphs was takefrom a 1989 paper written by H. von Rosenz,
Fisheries Management Officer, Carleton Place District.

The graph shows that up to 1977, water levels in White Lake were kept high tasatisfy the
desire of the local population for boating purposes . In that report, von Rosen states that
within two years of the initiation of this regime fmidsummer algal blooms appeared,

1Ontario Ministry of Natural Resources, Forestry
2 H. von Rosen; White Lake Fisheries Assessment; Ministry of Natural Resources, Carleton Place District,
19809.
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https://wlpp.ca/wlppwebsite_016.htm

|l eaving green slime on the shores; rocuk
Water levels in the lake impeded the turnover of waters in the lake resulting in these algal

blooms. Fish populations also suffered. He also states in his paperthat once a change in
water regime was made, it took up to five years tofully take effect. The current water level

regime used is intermediate between very high and very low water levelsresulting in the

most satisfactory results possible.

In another government publication, Anthers and Kerr 3 state that: fWhite Lakeis a
partially artificial lake that has always been subject to annual and seasonal draw -
downs. Five different water level management regimes have been utilized over the past
fifty year s. From 1860 to 1960 the dam at Waba Creek was operated by Stewart's
sawmill with the floodgates opened regularly to allow for the floating of timber
downstream. The frequent water fluctuations (up to 1.5 m) maintained a good flushing
rate and kept the water clear , rocky shoals clean, and maintained a good walleye
fishery. In 1968, a new concrete dam was constructed and water levels were kept high
followed by a winter draw -down during the period from 1968 to 1976. Summer water
levels were stabilized for the benefit of boaters and shoreline property owners. This
stable water level regime resulted in accelerated eutrophication with rapid growth of
aquatic plants, reduced water clarity and subsequent fai lure of the walleye fishery . By
1972, anglers reported that spawning beds had silted over, an absence of small fishes,
and by 1976/1977, walleye had all but disappeared from the lake &

In 1977, the water level management regime was altered to allow gradudsummer draw-
downs (0.76 m/yr.) to clean spawning shoals and reduce midsummer algal blooms. Fall
and winter water levels were stabilized by mid-late September each year. This resulted in
increased walleye spawning activity on traditional spawning sites.

During the 1970s, Canada banned or reduced phosphates in detergents and other
products. It is likely that the high -water level regime in place during the time when
phosphates were permitted and used widely, contributed to the production of algal

blooms in White Lake. This source of phosphate is much reduced, although still present
today.

In 1973, the White Lake Water Quality Committee conducted a massive sampling of White
Lake waters for coliform bacteria. They collected and had analyzed 375 samples on thee
different occasions. Results of their study were released the same year.

When compared to coliform counts recorded in more recent times from WLPOA#*
samples, the counts weresignificantly higher in the mid -1970s. This was likely due to the
large number of septic or waste disposal systems which were underperforming relative to

rubb

todayos standar ds. Thi s source of phosphor u:

contributor to the alg al blooms reported during this time period.

8 A. Anthers and S.J. Kerr; The Fishery of White Lake, Technical Report TR-107, Southcentral Sciences
Section, Ontario Ministry of Natural Resources, Kemptville, ON 31p. 1998
4 White Lake Property Owners Association.
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https://wlpp.ca/linked/wlwqc_report_1973.pdf

Today the nature and cause of algal blooms in White Lake are quite different as is
discussed below. We will not elaborate on this further other than to say that outflow from
septic systems, the change in phosphorus cycling by zebra mussels, climate change, yea
round use of cottages as residences, increased boating effects, shoreline degradation,
invasive species and exposed surface runoff should now be the subject of our attention.

3. White Lake Algal Blooms: 1977 to 2021

The data contained in the table beow tell the story of more recent algal blooms in White
Lake. Prior to 2013 and for a period of at least 25 years, there were no reported algal
blooms on White Lake. During that time, however, the number of cottages, trailers and
commercial tourist units h ave increased from 47% to 1538 (2018), an increase of 324%.
Available numbers also show that from 1985 to 2018, permanent homes on White Lake
increased by 354% to 209. These trends are continuing today.

The table below indicates that White Lake is no longer capable of absorbing and
processing additional nutrients coming from any source. The lake is now experiencing
multiple algal blooms every year with a record five blooms in 2021.

In addition to local sources of nutrients, for every square kilometre of lake surface, there
are 9.3 square kilometres of watershed also contributing to nutrient loading. The effects
of this input are amplified by climate change (warmer temperatures, longer ice -free
seasors) and the presence of zebra mussels concentrafig nutri ents in the nearshore.

The table also shows that the arrival of zebra mussels in White Lake resulted in a change
in algal bloom patterns. Prior to their arrival, there were no significant filamentous green
algal blooms. However, blue-green algal blooms ocairred each year from 2013-2015. All
of these blooms wereAnabaena blue-green algae.

Following the arrival of zebra mussels, phosphorus cycling in the lake changed. As a
result, White Lake now experienced annual filamentous green algal blooms as well as
blue-green algal blooms. However, the blue green algal blooms werenow Microcystis . In
2021, White Lake experienced bluegreen algal blooms from both Anabaena and
Microcystis .

White Lake is a very shallow (average depth of 31 m), productive, warm -water lake, and
as such is very susceptible to changes in water quality resulting from human activities.
When a lake like White Lake is overused, then the rate at which the lakeis nutrient
enriched (eutrophication) is accelerated.

5 J.P. Ferris, White Lake Integrated Resources Management Plan, Part |, Ministry of Natural Resources,
Lanark and Renfrew Counties, December, 1985.
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White Lake Algal Blooms by Year : 1977 to 2021

Summer Fall Summer Fall

1977 to 2012
(25 years)
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4. Annual Compilation of White Lake Algal Blooms

In the pages that follow, algal blooms for each year starting in 2013 are described.
Provided is information of the type of bloom occurring, its start and end date, the extent
of the bloom and whether or not these blooms were found to contain microcystin toxins.
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Each annual report was abstracted from the full White Lake Water Quality Monitoring
Program reports published each year by the Environment Volunteers of the White Lake
Property Owners Association.

Any background information, such as weather conditions and level of total phosphorus
measured, is provided in detail in our annual Water Quality Monitoring Program reports
which can be found on the White Lake Science and Information Website.

2021 White Lake Algal Blooms

This year five algal blooms were recorded. The first type of algal bloom which occurred
was from filamentous green algae. This bloom lasted, as in previous years, from midJune
until mid -September.

The second type of bloom was from bluegreen algae which covered large portions of the
lake including Three Mile and Pickerel Bays and extending into the main water body,
especially on the eastern side of the lake. These extensive algal blooms consisted of two
different blue-green algae occurring indifferent parts of the lake. The first two blue-green
bloom was recorded on September 16 and the secondwo on October 8. Note that the
Ministry of the Environment policy towards blue -gr een al gal bl ooms
cyanobacterial (blue-green algae) bloom as potentially toxic, whether or not toxins are
detected in the Swater upon testingo

The authors emphasize that the algal blooms observed by our team ae the minimum
number for White Lake . There may very well have been others on the lake which
went undetected or unreported. No Provincial or local authority monitors water

bodies for algal blooms. The Ministry of the Environment and local health units
respond only to reports from the public at large. Currently only two volunteers are
monitoring the 22 Km 2 of White Lake, which has a shoreline stretching nearly 100
km!

Green Algal Blooms

The first algal bloom of the year started in mid-June and continued until the end of
summer. This bloom was greenfilamentous algae, which grew in large patches along the
shoreline. Nutrients, such as phosphorus, supporting this alga comes from sediments,
shoreline runoff where shorelines are disturbed, as well as nutrients dissolved in lake
water.

In 2020, the filamentous green algal bloom was extensive and relatively intense compared
to this same type of bloom in 2021. Although there were fewer occurrences than in 2020,

6 Algal Blooms in Ontario, Canada: Increase in reports since 1994; J.G. Winter, A.M. DeSellas, R. Fletcher,
L. Heintsch, A. Morley, L. Nakamoto, and K. Utsumi (all Ontar io Ministry of the Environment scientists);
Lake and Reservoir Management, 27:107-114, 2011.
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the most serious and largest blooms were found immediately adjacent to newly detreed
and landscaped cottage lots, and areasvith severely altered shorelines.

Algae blooms when conditions are right for its rapid and uncontrolled growth. These
conditions include the presence of excess nutrients (phosphorus), favourable water
temperature and clarity, sunlight, and the action of wind and waves. For White Lake, the
presence of zebra mussels is an additional factor promoting the growth of filamentous
green algae. These mussels tend to concentrate nutrients from open waters to the
shoreline area where filamentous algal blooms occur. The severity of the algal bloom
resulting from the sum of the above factors can be intensified by the runoff of nutrients
from areas of shoreline which have been altered in such a way that nutrients can enter the
lake unmoderated by the presence of trees and other natural shoreline vegéation which
prevents or slows entry nutrients into the lake.

Viewed from underwater, the algae mass forms very large volumes extending from just
below the surface of the lake all the way down to the lake floor. Other aquatic plants
become enveloped within the growing mass. Over time, the algae die, collapses into itself
and sinks to the bottom of the lake. Some species formgas pockets which cause algal
masses to float to the surface of the lake followed by decomposition.

This year we observed numerous free-floating masses of algae on the surface of the lake in
locations where there were no visible fixed blooms. Many of the blooms occurred in bays
or small embayments along the shoreline.

Green Filamentous Algae - underwater view
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Mougeotia Filamentous Algae

Green alga does not produce toxins in the water and so these blooms are considered
nuisance blooms. However, when large mats of algae die and decompose, the water
column can become anoxic (no oxygen) causing the release ophosphorus trapped in
sediments. Sediments contain about 200,000 times the concentration of phosphorus
found in lake water. The released phosphorus can trigger secondary bloons. Thesecould
be larger and last longer than the original bloom event.

Blue -Green Algal Blooms

Blue-green algal blooms are not benign and so warrantour special attention. When these
blooms occur, they can create a public health hazard and anyone using the lake should be
apprised of the seriousness of this issue.

This year, White Lake hosted two different blue-green algal blooms. These blooms
occurred simultaneously on two occasions the first on September 16, and the second on
October 8, 2021. The two types of algal blooms were: Anabaena (now called
Dolichospermum), and Microcystis. The Anabaenabloom occurred in the main body of
the lake (deepest water), Pickerel Bay and areas along the Eastern shoreline. The
Microcystis bloom was located mainly in Three Mile Bay and adjacent areas.
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The smultaneous occurrence of different types of blue-green algae has never been
recorded before in White Lake. Prior to the infestation of White Lake with zebra mussels,
only Anabaena blue-green algal blooms were recorded. Since the arrival of zebra mussels
only Microcystis blue-green algal blooms were observed.In 2021, we observed five algal
blooms which is the largest number ever recorded for White Lake.

It should be noted that Anabaena and Microcystis are present in all parts of the lake.
During most of the water sampling season, it is possible to observe specimens of both of
these algae in the water column, usually at very low concentrations. In 2014 (two years
prior to zebra mussel infestation), a lake-wide Anabaenablue-green algal bloom occurred
in both deep and shallow areas of the lake.

We know from the scientific literature that the presence of zebra mussels favours the
propagation of Microcystis over Anabaenablue-green algae. However, in deeper waters, it
may be possible thatAnabaenacould have the advantage overMicrocystis for two reasons:
1) there are fewer or no zebra mussels present in deeper waters where the lake bottom is
muddy; 2) Anabaenahas the ability to fix nitrogen from the atmosphere; Microcystis does
not. Both are capable of movng up and down the water column during the day using gas
vacuoles. In shallow waters, such as those in Three Mile Bay, the action of wind and waves
would effectively mix the water column from the surface to the lake bed. This would allow
both types of blue-green algae access to essential nutrients. Mixing would not be as
efficient in deeper waters, giving Anabaenathe advantage overMicrocystis.

However, Microcystis responds to the presence of ammonium faster than other blue green
species. Ammonium concentrations increase during the seasonal dieback and
decomposition of aquatic plants. This will increase ammonium in the water column. Dense
extensive aquatic plant growth associated with Three Mile Bay must trigger microcyctis
blooms to some extent. The increasen aquatic plant growth stimulated by water clearance
promoted by zebra mussels may alsoinfluence the location and extent of Microcystis
blooms.

The occurrence of algal blooms is complicated and dependent on a number of factors
including wind, temperature, sunlight, water depth, the presence of different phosphorus
and sulphur containing compounds, as well as nitrate and nitrite concentrations, to name
just a few.

The figure below shows the extent and intensity of the double blue-green algal bloom on
White Lake first observed on September 16, 2021. This bloom lasted approximately 10
days, but re-emerged agan on October 8, 2021. The second round of bloons were located
in the same parts of the lake as the blooms observed nearly a month earlier, but of lower
intensity . Because the second bloom occurred after the first bloom haddisappeared, the
second blooms are considered as separate blooms and not a comuation of the initial
September 16 bluegreen algal bloom.
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Photos of the blooms are included in the figure to give the reader a better appreciation of

the appearance of bluegreen algal blooms. Also, it is easy to observe that the locations of
these algal blooms, as in other years, generally coincide with the mostactive and heavily

populated areasof White Lake.

As noted earlier, blue-green algae are capable of producing toxins called microcystins. In
sufficient concentrations these toxins can cause skin irritations as well as serious illness
and death. For this reason, the Ministry of the Environment will sample and analyze algal
blooms for their content of toxic compounds. For budgetary reasons, the MOE limits each
lake to one sampling per yea, although they will re -sample if there is believed to be a
special need.

This year, only one samplk was taken by MOE The water sample was taken from the
western shore of the lake in the zone affected by theAnabaenablue-green algal blooms.
Although other parts of the lake were not sampled, the MOE advises thatevery bloom,
whether tested or not, must be considered as toxic in the interest of public and personal
safety. The Ministry of the Environment, Conservation and Parks reported the following
results for the single sample taken:

fAs expected, a bloom of bluegreen algae (Dolichospermum ; formerly Anabaena) was
confirmed. The total microcystin concentration was 0.56 ug/L and the anatoxin -A
concentration was below method detection limits of 0.20 ug/L a nd 0.050 ug/L.

The sample was submitted for microcystin speciation analysis. The microcystin -LR
concentration was 0.074 ug/L (Ontario Drinking Water Standard is 1.5 ug/L) and the
microcystin -LA concentration was 0.14 ug/L (no provincial standard). All other
analyzed species were below method detection limits of 0.050 ug/L. 0

These results confirm the presence of toxins in the sample taken, but in a concentration
not dangerous to human or animal health.

In recent years, an annual pattern of algal blooms on White Lake is emerging. During early
summer, we observe widespread nuisance filamentous green algal blooms, and in the fall,
we observe bluegreen algal blooms in large parts of the lake.

Below are photos of accumulations of dying or dead ababaena bluegreen algae.During
this phase blue-green algae can releasehigh concentrations of microcystin toxins into the
water column.
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